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Foreword

This Technical Report has been produced by the 3@ Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

1.1 General

The present document gives background information on how the RF requirements of GSM400, GSM 900 and DCS 1800
systems have been derived.

1.2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 45.820, “Cellular System Support for Ultra Low Complexity and Low Throughput
Internet of Things’
[2] 3GPP TS 45.001, “Physical layer on the radio path;General description”
[3] 3GPP TS 45.003, “Channel coding”
[4] 3GPP TS 45.004, “Modulation”
2 Information available

The present document collects together temporary documents of ETSI SMG and STC SMG2 and 3GPP GERAN which
can be seen as base line materia for the RF requirementsin GSM 05.05. The documents are divided into several clauses

In each clause there is a short description of the documents. The documents themselves are annexed to this report.

A list of phase 2 change requests to SMG2 related documents are annexed to the SMG meeting reports.

3 DCS1800 system scenarios

There are two documents describing the basis of the DCS1800 RF requirements. They are:
- DCS1800 System scenarios (TDoc SMG 259/90, reproduced as TDoc SMG 60/91).
- Judtifications for the DCS1800 05.05 (TDoc SMG 260/90, revised as TDoc SMG 60/91)).

These documents have been derived first by the UK PCN operators and later by GSM2 ad hoc group working on
DCS 1800 reguirements during 1990. The documents were presented to TC SMG in October 1990.

DCS1800 System Scenarios describes six scenarios which are considered to be the relevant cases for DCS1800. The
Six scenarios described are:

- SingleMS- Single BTS.
- Multiple MSs - Multiple co-ordinated BT Ss.
- Multiple MSs - Multiple uncoordinated BT Ss.
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- Co-located M Ss, co-ordinated/uncoordinated.
- Co-located BTSs, co-ordinated/uncoordinated.
- Co-location with other systems.

On each of these scenarios the system constraints related to the scenario are described, the RF requirements affected by
the scenario are identified and the input information needed to study the scenario in detail is listed.

Justifications for the DCS1800 05.05 includes the analysis of the system scenarios to detailed RF requirements and
presents and justifies the proposed changesto GSM 05.05 for DCS1800. In the analysis part the relevant scenario
calculations are made for each RF requirement and the most critical scenario requirement identified. The justification
part then looks at the identified scenario requirement, compares it to the corresponding existing GSM 900 requirement
and taking also into account the implementation issues and finally gives reasoning to the proposed change of the
specific RF requirement.

These documents are in annex A.

The DCS1800 requirements were originally developed for Phase 1 as a separate set of specifications, called DCS-
specifications. For Phase two the DCS1800 and GSM 900 requirements are merged. The main Phase 2 change requests
of SMG2 in which the requirements for the DCS1800 system were included into are listed below.

- CRO05.01-04 Combination of GSM900 and DCS1800 specifications.
- CRO05.05-37revl Combination of 05.05 (GSM900) and 05.05-DCS (DCS1800) specifications.
- CRO05.08-55revl Combination of GSM900 and DCS1800 and addition of National roaming.

Further development of the DCS1800 requirements for Phase 2 can be found in the other Phase 2 CRs of SMG2, the
vast mgjority of which are valid both for DCS1800 and GSM900. The list of Phase 2 CRs of SMG2 can be found in
annex E.

4 GSM900 small cell system scenarios

There is one document which discusses the small cell system scenarios for GSM900. The document is:
- Small cell system scenarios for GSM900 (TDoc SMG2 104/92, revised as TDoc SMG2 104/92 revl).

Small cell system scenariosfor GSM 900 uses the DCS1800 system scenarios and justification document and derives
from them the scenario regquirements for GSM900 small cells. It aso calculates the worst case requirements based on
minimum coupling loss of 59 dB.

The document on GSM 900 small cell system scenariosisin annex B.

CR 03.30-02 on "Propagation models for different types of cells’ gives a definition for a small cell and the typical cell
parameters to cal cul ate the propagation lossin asmall cell.

5 GSM900 and DCS1800 microcell system scenarios

GSM900 and DCS1800 microcells have been discussed by SMG2 in various meetings since late 1991. In SMG2#2
(May 1992) asmall group was formed to collect together the various documents and make a proposal for the microcell
RF parameters. As agreed by SMG2 there should be four microcell specific requirements, namely:

- transmit power;
- receive sensitivity;
- wideband noise;

- blocking.
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As aresult of the subgroup and other SMG2 activities there are three documents which can be used as baseline material
for the microcell requirements. They are:

- Microcell BTS RF parameters (TDoc SMG2 163/92);

- Comments and proposals on Microcell RF parameters (TDoc 144/92);

- Revised proposal for microcell RF parameters (TDoc SMG2 ad hoc 4/92).

Microcell BTS RF parametersand Comments and proposals on Microcell RF parametersare joint papers giving
the microcell scenarios and the regquirements. The first one describes the two microcell scenarios, namely range and
proximity, and presents the method to derive the detailed requirements starting from the scenarios. The latter document
includes some corrections/updates to the scenarios, and proposes the detailed requirements. As described in the
documents there are three classes of microcells, depending on the expected Minimum Coupling Loss between BTS and
MS. Thisisto guarantee the optimum choice of BTS transmit powers while maintaining the operability of the system.
Thelast of the microcell documents, Revised proposal for microcell RF parameter s includes updates to the detailed
requirement figures.

All the microcell requirements were collected together and were presented to and approved by SMGH#5.
The documents on GSM 900 and DCS1800 microcells are in annex C.
The relevant change requests where the detailed microcell requirements can be found, are listed below.
- CR03.30-04 Microcell Radio planning aspects,
- CR03.30-08 Microcell minimum coupling loss for small frequency offsets;
- CRO05.05-69revl Microcell BTS RF parameters;
- CRO05.05-79revl  Alignment of microcell maximum peak power requirement presentation;

- CR05.05-90 Update of DCS1800 microcell RF parameters.

6 Conversion factors

One of the tasksin ETSI/STC SMG2 has been to align the different RF requirements for the Phase 2 specifications.
This was found necessary because in phase 1 some of the RF requirements dominated over others making them almost
obsolete. Related to the alignment process it was found necessary to introduce a set of conversion factors to be able to
compare different types of requirements measured with different measurement techniques. The original work
assumptions were agreed on at SMG2#1 in February 1992 and they were reviewed in SMG2 ad hoc meeting in

April 1992.

There are two documents related to the conversion factors. They are:
- Report of the ad hoc meeting on RF parameters (TDoc SMG2 61/92).
- Agreed SMG2 conversion factors (TDoc SMG2 287/92).

Report of the ad hoc meeting on RF parameter s describes the process of deriving the conversion factors. In the ad
hoc meeting there were number of input papers with practical measurement results of different measurement
techniques, and in the ad hoc those measurement results were compared and the average of the results was chosen as a
conversion factor. The following conversion factors were agreed on.

- conversion from maximum peak power to average power in a 30 kHz bandwidth on carrier:
=>-8dB.
- conversion from average power to maximum peak power in 30 kHz bandwidth:
=>+8 dB at zero offset from carrier and + 9 dB at all other offsets.
- conversion from average power in 100 kHz bandwidth to maximum peak power in 30 kHz bandwidth:

=> +5 dB at offset above 1 800 kHz from carrier.
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On the conversion factor from maximum peak power in 300 kHz bandwidth to maximum peak power in 30 kHz
bandwidth no agreement was reached in the ad hoc meeting and hence the working assumption agreed on in SMG2
meeting is still assumed while pending for further validation.

=> -8 dB at offset above 6 MHz from the carrier.

Agreed SM G2 conversion factor s lists the above agreed conversion factors and proposes further a conversion factor of
+5 dB for conversions from 100 kHz bandwidth to 300 kHz bandwidth at offsets above 1 800 kHz from the carrier.

These documents are in annex D.

7 Repeaters

There are a number of documents describing the background to repeater scenarios. These are:
- Repeater operating scenarios (Tdoc SMG2 29/94);
- Repeater scenarios for DCS1800 (Tdoc SMG2 24/94);
- Repeater scenarios (Tdoc SMG2 25/94);
- Repeater out of band gain (Tdoc SMG2-RPT 20/94).
Repeater operating scenarios: describes the many different scenarios for which a repeater device might be used.

Repeater scenariosfor DCS1800: describes two scenarios for DCS1800 repeaters, the outdoor scenario and the indoor
scenario. For each scenario, the performance requirements on the repeater are derived.

Repeater scenarios. derives the equations that describe the uplink and downlink performance of arepeater.
Co-ordinated and uncoordinated scenarios are anal ysed resulting in outline proposals for repeater hardware
requirementsin GSM 05.05 and outline planning guidelinesin GSM 03.30.

Repeater out of band gain: derives the requirements for the repeater out of band gain and provides planning guidelines
when arepeater isin close proximity to other communication systems.

These documents are in annex E.

The documents were presented to STC SMG2 in March 1994. In conclusion, it was decided that no single repeater
specification would serve the large number of repeater scenarios that exist. As a consequence, it was agreed to add a
specification for the repeater out of band performance to GSM 05.05 with guidelines for the specification and planning
of repeatersin the GSM/DCS bandsin GSM 03.30.

8 Error Patterns for Speech Coder Developments

TD 164/95 in annex F describes available error patterns.

9 Simulations of Performance

Several documentsin annex G gives background information and simulation results of the GSM performance.

10 GSM900 railway system scenarios

In 1993, the "Union Internationale de Chemin de Fer", UIC, decided to base a hew railways pan-European system on
GSM technology operating in the 900 MHz band.
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In 1995, the CEPT, in recommendation T/R 25-09, decided that " the international requirements without excluding
national requirements of railways for non-public digital radiocommunication system in the 900 MHz band should be
covered by selecting appropriate sub-bands from the designated band 876 MHz to 880 MHz (mobile station transmit)
paired with 921 MHz to 925 MHz (base station transmit) with a duplex separation of 45 MHz".

During 1996, SMG2 in a two-step process discussed the RF parametersin GSM 05.05 for GSM-type equipments
operating in this frequency band, called UIC equipments. Two documents were elaborated for this purpose. They are:

- UIC system scenarios requirements;
- UIC RF parameters.

In UIC system scenarios requirements, the relevant system and interference scenarios for UIC equipments are
identified and the noise levels alowed and the signal levels arising out of the worst cases are derived, both as regards
intra-systems performance of a UIC network and towards other GSM-type systemsin the neighbouring frequency
bands.

Basing on the former, UIC RF parameter s discusses all the parametersin GSM 05.05 and determines the RF
requirements for UIC equipments, to be in line with the scenario requirements where possible and feasible, or being a
reasonable compromise where not. The specifications for other GSM900 and DCS1800 types of equipment are not
affected, except possibly where there is absolutely no implications for their implementation.

These documents arein clauses H.1 and H.2, respectively.

The resulting specifications were incorporated into GSM 05.05 by Change Request no. A027.

11 Simulation results for GPRS receiver performance

The documentsin annexesK, L, M, N, P, Q and W give background information and simulation results of GPRS
receiver performance

12 Pico BTS RF scenarios

The documentsin annex R give background information on pico BT S RF scenarios.

13 CTS system scenarios

The document in annex S gives background information on CTS system scenarios.

14 GSM400 system scenarios
There is one document describing the GSM400 system scenarios. The present document is:
- GSM400 system scenarios (Tdoc SMG2 190/99, revised as Tdoc SMG2 542/99).

GSM400 System Scenarios document presents GSM 400 operation primarily in respect of the GSM 05.05 series of
recommendations. All relevant scenarios for each part of GSM 05.05 are considered and the most critical cases
identified. As aresult the present document gives background information for GSM400 RF requirements presented in
GSM 05.05 specification.

The present document on GSM 400 system scenariosisin annex T.
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15 MXM system scenarios

The document in Annex U gives background information for 850 MHz and 1 900 MHz mixed mode system operation.
850 MHz and 1 900 MHz mixed-mode is defined as a network that deploys both 30 kHz RF carriers and 200 kHz RF
carriers in geographic regions where the Federal Communications Commission (FCC) regulations are applied.

16 LCS scenarios

The documentsin annex V gives background information on LCS scenarios.

17 8-PSK Scenarios

The document in annex X gives background information on 8-PSK scenarios.

18 T-GSM 900 System Scenarios

The document in annex Y gives background information on T-GSM 900 scenarios.

19 MBMS System Scenarios

The document in annex Z gives background information and simulation results of MBMS receiver performance.

20 T-GSM 810 System Scenarios

The document in annex ZA gives background information on coexistence scenarios for T-GSM810.

21 Multicarrier BTS Class

The document in annex ZB gives background information on introduction of multicarrier BTS class.

22 ER-GSM band introduction

As per the Work Item RT_ERGSM approved at 3GPP GERAN #51in ZD.6 [1], it isrequired that investigations are
performed to ensure that introduction of RF requirements for ER-GSM equipments usage will minimize the potential
impacts to existing 3GPP systemsin the E-GSM band and secure that the current 3GPP GERAN requirements of the
existing GSM 900 bands and therefore dedicated equipment and services are not affected.

Annex ZD istherefore created to meet that requirement and gives background information on introduction of ER-GSM
band scenarios.
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23 Extended Training Sequence Code Sets

23.1  Background

All burst types, except the frequency correction burst, contain a training sequence (also referred to as a synchronization
sequence). Its purpose is to facilitate synchronization, channel estimation and blind detection of modulation on the radio
interface.

For normal bursts (NB) and higher symboal rate bursts (HB) a set of eight training sequencesiis defined for each
modulation (GM SK, 8PSK, 16QAM and 32QAM for NB, and QPSK, 16QAM and 32QAM for HB) to facilitate
training sequence planning, i.e., avoiding that strong interfering bursts have the same training sequence as the wanted
signal bursts.

For VAMOS, a second set of eight training sequences (TSC Set 2) is defined for GM SK modulated normal bursts (see
3GPP TS 45.002). Two GMSK training sequences are used to form the AQPSK training sequence (see 3GPP TS
45.002) for the downlink VAMOS modulation. The VAMOS (Set 2) training sequences have superior cross-correlation
properties compared to the first set. This has facilitated improved Circuit Switched (CS) link level performance leading
to enhanced BTS hardware capacity and improved spectral utilization in CS deployments compared to only using the
existing TSC set.

All training sequences are defined in 3GPP TS 45.002.

23.2 Extended TSC Sets

23.2.1 Scope

When using extended TSC sets additional sets, each of eight training sequences, are defined for the different
modulations when using normal bursts. The number of additional TSC sets depends on the domain (circuit switched or
packet switched) they operate in and the modulation scheme used.

For the circuit switched domain, two new GM SK sets, referred to as GMSK TSC Set 3 and GMSK TSC Set 4 are
defined. For VAMOS, the two GMSK training sequence sets can be used to form the AQPSK training sequence (see
3GPP TS 45.002) for the downlink VAMOS modulation.

For the packet switched domain, including EGPRS and EGPRS2-A, one additional set of eight training sequencesis
defined for each of GMSK, 8PSK, 16QAM and 32QAM normal bursts, referred to as TSC Set 2 for 8PSK, 16QAM and
32QAM modulation, while for GMSK, TSC set 3, which isidentical to TSC set 3 used for circuit switched channels, is
used.

With 16 new sequences for GMSK and 8 new sequences for 8PSK, 16QAM and 32QAM atotal of 40 new sequences
are introduced.

23.2.2 Design criteria

The new sequences have good cross-correl ation properties both within the sets for each modulation but aso between the
different modulations and towards all TSC sets that existed before the extention was introduced, for all modulations as
well as the dummy burst. When designing the sequences, care was taken to make sure the cross correlation properties
were especially good for co-channel interference, but aso to have good properties for adjacent channel interference.
With better cross-correlation properties the link level performance isimproved and hence also the spectral efficiency for
both the Packet Switched (PS) and the Circuit Switched (CS) domain. The gains will be most evident in the case of
synchronous network operation, where the training sequence of wanted signal and interferer to alarge extent overlap.

23.2.3 Design methodology

The design of the training sequences is described in detail in the document in Subclause ZE.1. The sets were derived
one at atimein the order GMSK Set 3, GMSK Set 4, 8PSK Set 2, 16QAM Set 2, 32QAM Set 2. Each new set was
designed such that the cross-correlation properties were good not only within the set but also towards all other existing
sets, currently available, and the already generated extended TSC sets in the step-wise approacch.
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First an exhaustive search was performed and alarge number of sequences with good auto-correlation properties and
good cross-correlation properties against all existing sets were selected. Measures of both auto-correlation and all
combinations of cross-correlation for all these sequences were calculated. The set was then selected as the one
minimizing the cost function based on these correlations.

23.2.4 Evaluation methodology

A methodology framework for evaluating the extended TSC set was followed according to the document in Subclause
ZE.2. In short the extended TSC set was evaluated in both interference limited (including both CCI and ACI) and
sensitivity limited scenario. For interference limited scenarios the relative delay of the interferer was derived using
system level simulations with different cell sizes and re-use factors. The evaluation was based on simulations. These
simulations covered both the CS and PS domain for the 900 MHz frequency band. All modulations, including GPRS,
EGPRS and EGPRS2-A were considered. Besides sensitivity evaluations, co-channel and adjacent channel interference
evaluations were performed. Both non-VAMOS and VAMOS test cases were included in the evaluation. Different
weight factors were applied, to arrive at afinal performance figure, depending on interference scenario and modulation
used. For more details see the document in Subclause ZE.3. The working assumptions in Subclause ZE.3 congtitute the
basis of what is expected from the extended TSC sets. They are a set of rules defining not only how to evaluate the sets,
but also highlighting what is considered to be important during the design of the sequences. Since the working
assumptions describe what the extended TSC sets are designed for they are valuable to include in this document for
future reference.

23.2.5 Performance evaluation

The performance eval uation, appended in Subclause ZE.4, show the gains of extending the TSC sets. For the
performance evaluation a synchronous network has been assumed.

It is shown that increasing the TSC plan from 8 TSCsto 16 TSCs for speech channels give alink level gain of roughly 2
dB and a system capacity gain of 34 - 47 % because of the reduced probability of co-TSC interference and improved
TSC correlation properties.

System level capacity gains with VAMOS have a so been evaluated, see Subclause ZE.4, where additiona gains
compared to VAMOS when using existing TSC sets was shown to be 12 — 18 percentage points.

Evaluation of the extended TSC sets described in Section 23.2.3 has been performed according to the evaluation
methodology described in Section 23.2.4 resulting in an average gain of 1.5 dB and 0.7 dB compared to TSC set 1, and
TSC set 1 and 2 respectively.

24 Machine-type-communication (MTC) deployment,
including EC-GSM-IoT, in a reduced BCCH spectrum
allocation

24.1 Introduction

In GSM networks supporting both voice and data services a typical network deployment includes a frequency layer of
broadcast carriers using a 4/12 re-use. Thisimplies that the network deployment at least occupies a 2.4 MHz bandwidth.
In addition, in case more capacity is heeded, one or more additional frequency layers can be deployed which can have
any re-use factor, down to, and including, a 1/1 re-use. In any re-use factor in atypical deployment however co-channel
as well as adjacent channel interference caused by channelsin the same cell is always avoided.

In case the GSM network only supports data services, the quality of service requirement compared to the general
GSM/EDGE deployment changes.

In acircuit switched call, the quality of service requirements need to be fulfilled in order for the service to work, e.g. a
speech frame erasure rate below a certain target. For packet switched services running RL C acknowledge operation,
with relaxed delay requirements, the control channel need to be operable at alow enough block error rate (BLER), and
the data channel need to be operable at a BLER level where HARQ type | or type Il can work.
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Asthese data services are targeting small data transmissions where devices are stationary or moving with alimited
speed, idle mode mohility is furthermore foreseen to be sufficient for these devices. So although supported by the 3GPP
standards, packet transfer mode handover is not expected to be used by these devices, and only idle mode autonomous
cell reselection is expected to be used. For EC-GSM-IoT devices autonomous cell reselection is the only means defined
to provide mobility between cells.

These aspects provide a possibility to operate a GSM network in atighter re-use frequency scenario of the broadcast
carrier, where the SINR levels in the network will be reduced compared to traditional operation of the broadcast layer.

24.2  Simulation campaign

24.2.1 Introduction

To evaluate the impact of atighter broadcast layer frequency re-use factor, three different re-use factors are
investigated: 4/12, 3/9 and 1/3.

The system impact is evaluated by three main system aspects:
- ldle mode procedures

- Theimpact on aspects of cell selection and cell reselection, including the impact on device synchronization
to the FCCH and EC-SCH in terms of time to synchronize, residual frequency offset and residual time offset,
is evaluated by means of network simulations. Impact on PLMN selection is presented based on link level
and analytical analysis.

- Common control channels

- Theanalysis on the common control channels have been investigated separately to, in detail, study the impact
on random access channel, and access grant. Also some analysis on paging load is provided.

- Datatraffic and control channel

- The datatraffic channel and the associated control channel are investigated where for example resource
usage, data capacity and latency are evaluated.

In al evaluations, the working assumptions listed in the framework in Annex ZF.1 have been used, unless otherwise
stated.

Both GPRS and EC-GSM-IoT have been investigated. There isasignificant difference in how these different MS
behave in anetwork with regards to atight frequency re-use, justifying separate evaluations:

- Coverage/ interference performance: EC-GSM-IoT can operate in what is referred to as extended coverage
(see 3GPP TS 43.064). The extended coverage is achieved by blind physical layer transmissions.that are
collected by the receiver to achieve processing gain, and effectively operate at alower SNR compared to not
using the blind physical layer transmissions. The use of blind physical layer transmissions not only extend
coverage but will also lower the operating point in an interference limited scenario in that an EC-GSM-10T
capable device can operate at alower C/I.

- Idle mode procedures: EC-GSM-IoT devices will select cells at a maximum coupling loss of 164 dB. In
addition they should be functional in alow frequency reuse. Therefore they are designed to perform signal level
measurements only including the wanted signal level, excluding sources from interference and nosie. They are
aso mandated to measure a sub-set of the logical channels of the BCCH carrier where power down regulation is
not permitted. So in case the network uses BCCH power saving functionality, down-regulating the power of the
broadcast carrier, will not impact the EC-GSM-10T measurement accuracy.

- Common control channel: On the random access channel, an open-loop power control, as well as an adaptation
of the coverage class used on the common control channel are used by EC-GSM-IoT MS which differs from
non-EC-GSM-1oT M S where such adaptation is not used, and the power control only includes a coarse one
power step approach to avoid too high signal levels at the BTS receiver.

- Deployment: EC-GSM-IoT devices are assumed to be placed in more challenging radio conditions, for example
indoors behind different number of walls, or in a basement. Hence, the distance dependent path loss, and log-
normal fading component is complemented with a model of building penetration loss in case EC-GSM-10T is
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simulated. Even with the additional component of building penetration loss, the majority of devices are placed
within GPRS/EGPRS coverage, but a small portion are also placed in extended coverage taking up
proportionally more resources per user.

24.2.2 Idle mode procedures

24.2.2.1 General

242211 Simulator support

To model idle mode procedures a GSM link simulator has been integrated in a network simulator where afull GSM
network can be configured and interference generated accordingly. The simulator has been used to evaluate GSM and
EC-GSM-IoT cell selection including synchronization performance and supports e.g.:

- Modelling of the BCCH frequency layer with frequency reuses 1/3, 3/9 and 4/12
- ABSICand TSC plan
- A correct mapping of applicable logical channels upon the 51--multiframe
- Modelling of interferers and thermal noise on 1Q level
- BTSTX and MSRX performance modelled on [Q/bit level
Annex ZF.2 elaborates on details of the simulator implementation.

In addition the simulator could be configured to evaluate asingle BTS to MSlink. This simulator mode was used to
provide input to the PLMN selection analysis.

24.2.2.1.2 Performance metrics

The synchronization simulator has been used to investigate the ability of GSM and EC-GSM-10T devicesto
synchronize to a GSM/EC-GSM-IoT network, to perform PLMN selection, to select a suitable cell based on RLA_C
and RLA_EC measurments and to reconfirm the BSIC of the serving cell. To synchronize in this context refersto first
successfully detect and synchronizing to the FCCH, and secondly to decode the (EC-)SCH to extract and confirm the
BSIC of the camped on cell.

To characterize the synchronization performance of a GSM/EC-GSM-loT network the following results were derived:

- Percentage of al devicesin a network that manages to synchronize within 12 51-multframes, i.e. within ~2
seconds.

- Timeto synchronization, i.e. time until decoding of the (EC-)SCH including confirmation of the BSIC.
- Residual time offset after detection of and synchronization to the FCCH.
- Residua frequency offset after detection of and synchronization to the FCCH.

For PLMN selection aworst case anaysis was performed where the performance metric is the time needed to scan all
ARFCNSsin aset of supported frequency bands during the search e.g. for aHPLMN.

For cell selection the performance is presented in terms of the probability of selecting the strongest cell.

In addition the impact on cell selection performance from configuring a BSIC plan using as few as 8 unique BSIC code
points was investigated. The likelihood of synchronization to a neighbouring cell during the search for the serving cell
was recorded. Two cases were distinguished, afirst where the neighbour cell uses a BSIC code point different from the
code point used by the serving cell, and a second where the neighbour cell reuses the BSIC code point used by the
serving cell. In the former case the device was configured to continue its synchronization procedure. In the second case,
known as BSIC confusion, the device will synchronize to and select a neighbour cell, but not detect a changein BSIC.
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24.2.2.1.3 Simulation assumptions

Simulation assumptions listed in the framework in Annex ZF.1 have been used, including the assumption that GSM
simulations were performed without building penetration loss and with a cell radius of 2500 meter to span the full GSM
Maximum coupling loss of 144 dB, as claimed by TR 45.820 [1]. For the EC-GSM-loT simulations the assumptions
from the TR 45.820 [1] was followed.

Thelogical channels modelled, e.g. the FCCH and (EC-)SCH, were modulated, encoded and mapped in the 51-
multiframe as specified in TS 45.002 [2], TS 45.003 [3] and TS 45.004 [4].

24222 PLMN selection

When performing initial PLMN selection a device needs to scan all ARFCNss of its supported frequency bands. For a
guad band device supporting GSM 850, 900, 1850 and 1900 frequency bands thisimplies that in total
124+174+374+299 = 971ARFCNs needs to be scanned. The total timeto do so may in aworst case scenario equate to
971 multipled by the time needed to connect to the system from the supported maximum coupling loss (MCL).

It has been shown that an EC-GSM-10T device can synchronize to a cell within at most two seconds when being at the
edge of the system, i.e. at 164 dBs MCL. With thisin mind the total time to scan the four mentioned frequency bands
will require roughly 32 minutes.
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Figure 24.2.2-1: Total time to synchronization when at 164 dB coupling loss

The above reasoning is however based on an assumption that all bands and ARFCNs are scanned in sequence, and that
the EC-SCH is used as qualifier for the presence of an EC-GSM-IoT system. If the ARFCNSs are scanned in an
interleaved manner the search time can be shorted to around 10 minutes with the FCCH as primary identifier for the
presence of EC-GSM-10T.

24.2.2.3 Cell selection

24.2.2.3.1 General

When performing cell selection a GPRS device follows the procedures specified in 3GPP TSs 43.022 and 45.008. TS
43.022 mandate a device to select the strongest cell from areceived signal strength perspective that qualifies as
“suitable”. TS 45.008 specify how the signal strength isto be measured in terms of RLA_C, which is an average signal
strength estimate calculated over at least five samples during three to five seconds.

For EC-GSM-IoT the cell selection procedure has been updated to improve the support of signal strength measurements
in an interference limited environment. TS 45.008 therefore specify atwo-step approach as follows:

1. Measure the signal strength of each RF channel in the selected PLMN using RLA_C.

2. For each of the strongest RF channels measured RLA_EC for the strongest EC-BCCH carrier.
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In the second step only the RF channels that are no more than CELL_SELECTION_RLA_MARGIN dB below the
strongest estimated RF channel needs to be considered.

The next two sub-clauses present the cell selection performance that was recorded during a simulation campaign for
evaluation of cell selection performance when following the mentioned procedures.

24.2.2.3.2 GPRS/EGPRS

AsEC-GSM-loT isfully backwards compatible and intended to coexist with (E)GPRS devices also (E)GPRS cell
selection performance was evaluated in 1/3, 3/9 and 4/12 frequency reuse scenarios. The table below summarizes the
performance and it is seen that the cell selection procedure selects the best ARFCN with a likelihood of 87-88 %, and is
fairly insensitive to the frequency reuse. This can be understood as a consequence of the symmetric cell plan used in the
network simulator, leading to asimilar power ratio between the simulated ARFCNSs regardless of the frequency plan.

After ARFCN selection it was assumed that a (E)GPRS device selects the cell to camp on based on the first BCCH
carrier it manages to synchronize to and read BSIC on. In high reuse systems with low interference ratio a device more
or less always selects the optimal cell to camp on. In the 1/3 frequency reuse scenario with a high degree of interference
the likelihood of selecting the optimal BCCH carrier is reduced down to 83.6 %.

The GPRS devices always manage to synchronize to and select a cell, even though it may not be an optimal cell from a
signal strength perspective.

Table 24.2.2-1: The probability for a (E)GPRS device to select the optimal ARFCN, the optimal BCCH
carrier or any BCCH carrier.

Reuse 1/3 3/9 4/12

P(Best ARFCN selected) [%] 87.2 88.4 87.9
P(Best BCCH carrier selected) [%] 83.6 87.9 87.7
P(Any BCCH carrier selected) [%] 100 100 100

The below figure depicts the CDF over the power of the selected BCCH carrier relative to the best BCCH carrier. For 3/9
and 4/12 reuse the curves are more or less identical. For 1/3 reuse the ratio is increased, or worsened, as a consequence
of suboptimal BCCH carrier selections occurring even though the best ARFCN had been selected in the first step.
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Figure 24.2.2-2: Selected BCCH carrier to best BCCH carrier power ratio

Although the performance presented indicates a certain likelihood of selecting a suboptimal cell, the sourcing company
believes that thisin general is hot a major issue in a PS only network. The cell selection performance depicted for 4/12
reuse should correspond to what typical GSM/EDGE networks and devices experiences today. The increase when going
to 1/3 reuse in suboptimal selectionsis not dramatic, and is expected to be of minor concern but still deserves attention
in case an operator strives to implement a 1/3 BCCH frequency reuse.
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24.2.2.3.3 EC-GSM-IoT

For EC-GSM-IoT the ARFCN selection performs similar to what was presented above for (E)GPRS. But what is
important is that the BCCH carrier selection has improved as a consequence of the RLA_EC procedure. Higher
propability numbers are observed for al studied scenarios. An improvement in the selected BCCH carrier relative to the
best BCCH carrier power is aso observed for the 1/3 reuse when comparing GSM with EC-GSM-IoT performancein
figures 24.2.2-2 and 24.2.2-3.

It can again be noticed that in virtually all cases the device selects a cell, even though it is sub-optimal in ~10 % of the
cases.

Table 24.2.2-2: The probability for an EC-GSM-Ilot device to select the optimal ARFCN, the optimal
BCCH carrier or any BCCH carrier.

Reuse 1/3 3/9 4/12

P(Best ARFCN ranked 1% [%] 86.5 85.8 86.8
P(Best BCCH carrier selected) [%] 89.3 89.7 90.1
P(Any BCCH carrier selected) [%] 99.9 99.9 99.9
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Figure 24.2.2-3: Selected BCCH carrier to best BCCH carrier power ratio.

Furthermore by increasing the number of samples taken when estimating RLA_EC from five to 10, the likelihood of
selecting the best BCCH carrier improves further up to 92.6% in the critical 1/3 frequency reuse network, as seenin
table 24.2.2.2-3

Table 24.2.2-3: The probability for an EC-GSM-Ilot device to select the optimal ARFCN, the optimal
BCCH carrier or any BCCH carrier when increasing the number of RLA_EC measurment samples.

Number of samples taken for RLA_EC 5 10
P(Best ARFCN ranked 1%Y) [%] 86.5 86.5
P(Best BCCH carrier selected) [%0] 89.3 92.6
P(Any BCCH carrier selected) [%] 99.9 99.9
24.2.2.4 Cell reconfirmation
24.2.2.4.1 GPRS/EGPRS

One important trigger for cell reselecton is failure to reconfirm the serving cell. Annex ZF.5 presents an analysis of
GSM/EDGE performance in terms of cell reconfirmation when a devices wakes up e.g. after eDRX or PSM ina
reduced BCCH frequency allocation network. A summary of the resultsis presented in table 24.2.2-4, figure 24.2.2-4,
figure 24.2.2-5 and figure 24.2.2-6.

The overall synchronization success rate and time to synchronization to the serving cell are presented in below table for
the investigated frequency reuse scenarios.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 36 ETSI TR 145 050 V14.0.0 (2017-04)

Table 24.2.2-4: Successful synchronization ratio.

Reuse 4/12 3/9 1/3
Success rate 99.9 % 99.9 % 98.7 %
Synch time, 50th 0.031s 0.031s 0.033 s
Synch time, 99th 0.093 s 0.123 s 0.321s

The next two figures depicts CDFs over the time until synchronization to the serving cell, the synchronization time and

frequency offsets after FCCH detection.
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Figure 24.2.2-4: Total time to synchronization for 1/3, 3/9 and 4/12 frequency reuse
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Figure 24.2.2-5: Residual time (left) and frequency (right) offset after FCCH detection

During the search for the serving cell FCCH and SCH a device may detect the FCCH from a neighboring cell and
successfully decode its SCH and read the BSIC. The below figure depicts the likelihood of decoding neighboring cells
SCH and BSIC. Since a cell reconfirmation scenario was studied each device was configured to continue its search for
the serving cell SCH upon detecting that the decoded BSIC did not match the serving cell BSIC. Asaresult adevice may
decode neighboring SCHs multiple times before receiving the serving cell SCH and confirming its BSIC. This is

illustrated in the below figure for the three studied frequency reuses.
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Figure 24.2.2-6: Likelihood of decoding the BSIC of a neighboring cell with different BSIC than the
serving cell.

In case a decoded neighboring SCH is configured with the same BSIC as the serving cell a device will not detect that it
has synchronized to new cell. This unwanted event is known as BSIC confusion. A BSIC plan based on eight unique
BSICswas configured for each reuse. The BSIC plan for the 1/3 frequency reuseisillustrated in Annex ZF.2. The below
table presents the likelihood of BSIC confusion for each reuse. It can be concluded that even for this tight BSIC plan,
BSIC confusion is not an issue in case of stationary devices attempting to reconfirm the serving cell.

Table 24.2.2-5: Likelihood of BSIC confusion.

Reuse 4/12 3/9 1/3
Likelihood of BSIC confusion 0% 0% <0.1%

242242 EC-GSM-loT

Annex ZF.5 also presents an analysis of EC-GSM-IoT performance in the mention cell reconfirmation scenarioin a
reduced BCCH fregquency alocation. A summary of the results is presented in table 24.2.2-5, and figure 24.2.2-7,
24.2.2-8, and 24.2.2-9.

The overall synchronization success rate and time to synchronization to the serving cell are presented in below table for
the investigated frequency reuse scenarios.

Table 24.2.2-6: Successful synchronization ratio.

Reuse 4/12 3/9 1/3
Success rate 100% 99.9% 99.2%
Synch time, 50th 0.198 s 0.199s 0.208 s
Synch time, 99th 0.664s | 0.709s | 1.411s

Figure 24.2.2-7 and figure 24.2.2-8 depicts CDFs over the time until synchronization to the serving cell, the
synchronization time and frequency residual offsets after FCCH detection.
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Figure 24.2.2-8: Residual time (left) and frequency (right) synchronization offset after FCCH detection

The overall impact on EC-GSM-IoT synchronization performance from going to 4/12 via 3/9 to 1/3 frequency reuse is
limited both in case of time to synchronization and the residual time and frequency errors.

The impact on performance from a BSIC and TSC plan using only 8 unique BSIC code points has also been
investigated. For 4/12 and 3/9 frequency reuse no recordings of decoding of neighboring cells EC-SCH were made. For
1/3 frequency reuse around 7% of the users will decode the BSIC of at |east one neighboring cell, as presented in figure
24.2.2-9. No occurrences of so called BSIC confusions were however recorded. Also these results indicate the
feasibility for support of areduced BCCH frequency allocation.
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Figure 24.2.2-9: Likelihood of detecting a neighbouring cell with different BSIC than the serving cell.

24.2.3 Common control channel performance

24.2.3.1 General
The simulator used is described in Annex ZF.3.
Simulation assumptions and a more extensive presentation of the results can be found in Annex ZF.6.
The results are presented showing:
- Resource Usage

- Thisrepresents the average amount of bursts used per user, including all transmissions per system access
attempt.

- Also, the % used of the overall resources available on asingle TS used for (EC-)CCCH is shown.
- Common control signaling delay

- Thedelay includes time from initial (EC-)RACH transmission to areceived matching Immediate
Assignment.

- Failed attempts
- Thisrepresents the percentage of the attempts that were not successful, after the maximum attempts.
- Coverage class distribution (only applicable to EC-GSM-10T)

- Thisshowsthe % of devices ending up in different coverage classes for 33 dBm and 23 dBm devices
respectively, with the coverage class thresholds used in the simulations for the respective frequency re-use
factor.

24.2.3.2 GPRS/EGPRS

24.2.3.2.1 Resource usage

Thereisaclear visible increase in the number of bursts required on average for a successful system access attempt
when going from a 12 or 9 re-use to a 3 re-use. Still the increaseis limited to around 15% on the DL and 20% on the

UL.
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Table 24.2.3-1: Resource usage for GPRS/EGPRS on the downlink and uplink

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 4.0 1.0
9 4.0 1.0
3 4.6 1.2

In table 24.2.3-2 the resource usage is instead presented as the resources used out of all resources available for CCCH.
It is here assumed that AGCH and PCH can take up 9 blocks on the CCCH (as per maximum configuration, without
BCCH Ext, and blocks reserved for access grant).

Table 24.2.3-2: Resource usage for GPRS/EGPRS on the downlink and uplink

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 14.1% 2.5%
9 14.1% 2.5%
3 16.2% 3.0%

24.2.3.2.2 Common control signaling delay

The common control signaling delay is shown in figure 24.2.3-1. As can be seen, the 95% of the users experience lower
delay than 40 msin al cases.
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12 re-use

CDF
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065 i I I 1 I i
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Figure 24.2.3-1: Common control signaling delay, GPRS/EGPRS

24.2.3.2.3 Failed attempts

The failed attemptsin all scenarios were shown to be below 0.1%.

24.2.3.3 EC-GSM-loT

24.2.3.3.1 Resource usage

As can be seen, the difference between 12 and 9 re-use is quite small, or not visible, while the change from a 9 re-use
factor to a 3 re-use factor has a rather large relative impact on the results on the DL, and for 23 dBm devices on the UL.
The reason that the resource usage is increased on the DL is due to the BCCH layer transmitting constantly on all
resources. Using power savings on the BCCH layer up to 6 dB helps, but the overall interference situation still reflects a
rather highly loaded system. On the UL, the requirement on constant transmission does not exist, but for 23 dBm
devices, more would have to use repetitions to reach the network, which increases resources usage. Still, it should be
noted that the out of coverage level is not different for 33 dBm devices and 23 dBm devices, implying that 23 dBm
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devices can cope with the network deployment, even if resource usage is significantly increased compared to the 33

dBm device deployment.

Table 24.2-3: Resource usage for EC-GSM-IoT on the downlink and uplink, 33 /23 dBm
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BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 23/23 1.1/1.7
9 23/23 11/18
3 3.3/33 1.3/26

Table 24.2-4: Percent of resources available for EC-GSM-IoT on the downlink and uplink, 33 /23 dBm

BCCH % of resources % of resources
Re-use DL [#bursts] UL [#bursts]?
12 10.2/10.2 3.5/5.3
9 10.2/10.2 3.5/5.6
3 14.7/14.7 4.1/8.2
NOTELl: Considering that the EC-RACH is based

on slotted ALOHA, the resource usage
per user cannot directly be translated to
overall resource usage. Hence, the
estimate should be considered an upper
limit (in case no collissions occur)

24.2.3.3.2

In figure 24.2.3-2 the delay seen on the common control channel is presented for both simulated cases of 100% 33 dBm
MS penetration and 100% 23 dBm M S penetration. As can be seen, 95% of the users experience lower delay than 100

Common control signaling delay

msin al cases, except for 3-re-use where the 95 percentile is around 500 ms.
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Figure 24.2.3-2: Common control signaling delay, 33 dBm

24.2.3.3.3 Failed attempts

1 15
Delay distribution

[s]

The failed attemptsin all scenarios were shown to be below 0.1%.

24.2.3.3.4

The coverage class distribution for the regular planner is shown in table 24.2.3-5 and table 24.2.3-6.

Coverage class distribution
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Table 24.2.3-5: Coverage class distribution on UL for 33 dBm /23 dBm [%]

BCCH CcC1 Ccc2 CC3 CC4
re-use
12 99.5/946 | 04/4.0 | 0.1/0.8 <0.1/0.7
9 99.4/94.0 | 0.5/4.4 | 0.1/0.9 <0.1/0.8
3 99.1/93.0 | 0.7/49 | 01/1.1 <0.1/1.0

Table 24.2.3-6: Coverage class distribution on DL for 33 dBm /23 dBm [%]

BCCH CC1 CC2 CCs3 CC4
re-use
12 98.7/98.8 | 1.2/1.1 | 0.1/0.1 | <0.1/<0.1
9 98.4/985 | 14/13 | 02/0.1 | <0.1/<0.1
3 95.6/958 | 3.1/31 | 1.3/1.2 | <0.1/<0.1

24.2.4 Data traffic and control channel performance

24241 General
The simulator used is described in Annex ZF.4.
Simulation assumptions and a more extensive presentation of the results can be found in Annex ZF.7.
The results are presented showing:
- Resource Usage
- Average amount of PDCH DL and UL TS resources required on average per cell in the system.
- Latency of MAR periodic reports
- Thelatency includestime to transfer the message excluding common control signaling delay.
- Latency of DL application Ack

- Latency is measured from the time an application layer DL ACK isreceived at the base station until the time
when the device has successfully received the application layer DL ACK.

- Failed attempts

- The percentage of the attempts that were not successful, i.e. did not manage to get the report through during
20 seconds.

- Uplink capacity
- Uplink capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”.
- Coverage class distribution (only applicable to EC-GSM-I0T)

- Thisshowsthe % of devices ending up in different coverage classes for 33 dBm and 23 dBm devices
respectively, with the coverage class thresholds used in the simulations for the respective frequency re-use
factor.

24.2.4.2 GPRS/EGPRS
24.2.4.2.1 PDCH resource usage

24.2.4.2.2 Latency

The latency on uplink and downlink are shown in figure 24.2.4-1. The delays are increasing with tighter frequency re-
use, as expected. The “knees’ visible in the uplink distribution are due to the three different packet sizes used in the
traffic model.
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Figure 24.2.4-1: Uplink (left) and downlink (right) transmission delay for 33 dBm

24.2.4.2.4 Failed Attempts

No failed attempts were recorded.

24.2.4.2.5 Capacity

This definition is made with a standalone CloT system in mind. The system in this evaluation serves only one traffic
type (MTC traffic), but the event intensities and packet sizes differ on the downlink and uplink. On the downlink all
packet sizes are the same (45 bytes), and have the intensity of 1.4 reports per sector and second. On the uplink the
packet sizes are ‘randomly’ picked from 40, 150 or 1200 bytes and have the intensity of 3 reports per sector and second.
Due to the mix of packet sizes and different intensities on uplink and downlink the capacity definition may be less
meaningful, but anyway an attempt has been made to present the capacity for the combined intensity of 5.4 reports per
sector and second. It should be noted that the measure is not really a capacity measure since it does not reflect the
capacity limit of the system but rather at an assumed fixed |oad.

Table 24.2.4-1: Capacity

BCCH Capacity
Re-use [reports/200kHz/hour]
12 1620
9 2160
3 6480
24.2.4.3 EC-GSM-loT
24.2.43.1 PDCH resource usage

As can be seen in Table 24.2.4-2 the downlink PDCH resource usage for EC-GSM-10T is amost the same for are-use
factor of 9 and 12 for both 33 dBm and 23 dBm devices and for both SINR and carrier based downlink coverage class
selection. When changing from 12 to 3 re-use the downlink PDCH resource usage isincreased 2.0 times for SINR and
2.2 times for carrier based downlink coverage class selection.

The uplink PDCH resource usage is between 1.8 and 1.9 times higher for 23 dBm devices than 33 dBm devices. When
changing from 12 to 3 re-use the uplink PDCH resource usage is increased between 6 and 10 %.

Table 24.2.4-2: PDCH resource usage for EC-GSM-IoT on the downlink and uplink, 33 /23 dBm

BCCH Resource usage Resource usage
Re-use DL [#TS] UL [#TS]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 0.35/0.35 0.35/0.36 0.85/1.60 0.84/1.59
9 0.37/0.37 0.37/0.38 0.85/1.59 0.85/1.60
3 0.70/0.68 0.75/0.73 0.91/1.69 0.92/1.68
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24.2.4.3.2

Latency of MAR periodic reports
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The latency of MAR periodic reportsis represented by the latency of the data transfer, i.e. the common control
signaling delay is not included. In Figure 24.2.4-2 it can be seen that few users will experience an increased delay when
changing from 12 to 3 re-use. It can also be seen that 23 dBm devices will experience alarger delay than 33 dBm

devices.
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Figure 24.2.4-2: Uplink transmission delay for 33 dBm (left) and 23 dBm (right)

24.2.4.3.3

Latency of Downlink Application Ack

A few users will experience an increased Downlink Application Ack delay when going to tighter re-use as seenin
Figure 24.2.4-3. It can be noted that the Downlink Application Ack delay for 9 and 12 re-use is almost the same for the
two downlink coverage class selection cases. However, for 3 re-use the delay is larger with carrier based selection
compared to the SINR based selection. The Downlink Application Ack delay isamost the same for 23 dBm as for 33

dBm devices.
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Figure 24.2.4-3: Downlink Application Ack delay for 33 dBm (left) and 23 dBm (right)

24.2.4.3.3

Failed attempts

At the traffic load 6.81 users per cell and second and device output power of 33 dBm, the percentage of failed attempts
(i.e., thereport did not get delivered within 20 seconds) is found to be lessthan 0.1 % in all scenarios.

24.2.43.4

Capacity

Capacity is here calculated as
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(#sent reports per sector per hour)* (1 - failed attempts)/reuse

As can be seen from Table 24.2.4-3, the 3-reuse scenario has four times capacity than the 12-reuse scenario, as
expected considering the change in re-use factor, and the fact that almost no reports fails to be delivered. The capacity
for the 23 dBm is alittle higher than the capacity for the 33 dBm case and even higher than the theoretical capacity of
8172 for 6.81 users per cell and second due to randomization.

It should be noted that this measure is not really a capacity measure since it does not reflect the capacity limit of the
system but rather at an assumed fixed load.

Table 24.2.4-3: Capacity for EC-GSM-IoT at 6.81 users per cell and second

BCCH Capacity for 33 dBm devices Capacity for 23 dBm devices
Re-use [reports/200kHz/hour] [reports/200kHz/hour]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 2038 2038 2055 2055
9 2724 2725 2738 2738
3 8150 8150 8220 8219
24.2.4.3.5 Coverage Class Distribution

Table 24.2.4-4 summarizes the DL and UL coverage class distribution for the 3, 9 and 12 re-use scenarios for 33 dBm
and 23 dBm devices for both SINR and carrier based downlink coverage class selection.

When changing from 12 to 3 re-use more devices need to use higher coverage classes. Due to the lower output power
more 23 dBm devices will use higher coverage classes than 33 dBm devices.

Table 24.2.4-4: EC-PDTCH coverage class distribution for 33 /23 dBm [%]

BCCH Coverage class Distribution of users in DL Distribution of users in UL
Re-use [%0] [%6]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 CC1 98.2/98.3 98.5/98.6 97.5/83.8 97.5/83.8
Cc2 1.8/1.7 15/14 1.8/9.2 1.8/9.2
CC3 <0.1/<0.1 <0.1/<0.1 0.5/3.9 0.5/3.9
CC4 <0.1/<0.1 <0.1/<0.1 0.2/3.1 0.2/3.1
9 CC1 97.0/97.0 97.5/97.6 97.5/84.1 97.5/84.1
Cc2 3.0/3.0 23/23 1.8/9.0 1.8/9.0
CC3 <0.1/<0.1 0.1/0.1 0.5/3.8 0.5/3.9
CC4 <0.1/<0.1 <0.1/<0.1 0.2/3.1 0.2/3.0
3 CC1 78.3/78.7 86.4/86.5 97.6/84.5 97.6/84.4
CcC2 21.6/21.2 11.1/11.1 1.7/8.8 1.7/8.9
CC3 0.1/0.1 1.3/1.3 0.5/3.8 0.5/3.8
CC4 <0.1/<0.1 1.2/1.1 0.2/29 0.2/29

Table 24.2.4-5: BT_Threshold_DL for Carrier and SINR CC DL

BCCH BT_Threshold_DL
Re-use [dB]
SINR CC DL Carrier CC DL
12 9 -103
9 9 -101
3 9 -92

24.3  Conclusion

Theimpact on GPRSEGPRS as well as EC-GSM-IoT when reducing the spectrum alocation from a 4/12 re-use BCCH
layer, down to a 1/3 re-use has been investigated by means of link level and system level simulations. The main scope
of the investigation has been to serve Machine-Type-Communication, which has been modeled with small packet data
transfers with the devices being stationary in the network.
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The system impact has been evaluated by three main system aspects. Idle mode procedures, Common control channels
and Data traffic channels and their associated control channels.

It has been shown that the GSM system can operate well in these conditions. Comparing a 4/12 re-use and a 3/9 re-use
the difference in system performance is usually low, or insignificant.

However, when comparing a 3/9 to a 1/3 re-use, a clear impact istypically seenin al metricsinvestigated, but the
impact is still at acceptable levels, and typically the degradation is most visible for a small percent of the overal MS
population. For example, the time to synchronize to acell is increased by roughly 5% for the 50" percentile, while
roughly a doubling of the time is observed for the 99" percentile. Resource usage on the common control channels and
data traffic channels are roughly increased by 15-20% for GPRS/EGPRS, while for EC-GSM-IoT the impact is roughly
40-100%. For EC-GSM-IoT, the devices are operating both in a tight frequency re-use and being deployed in
challenging coverage conditions which will increase the use of blind physical layer transmissions (used to combat both
coverage and interference by increasing processing gain at the receiver), and by that increasing the resource usage.
Either no, or an insignificant number (0.1%) of, failed attempts to synchronize to the network, perform packet access
procedure, or completing application transfer have been observed.
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Annex A:

DCS1800 System scenarios
ETSI GSM TC TDoc GSM 259/90

Corfu, 1-5 October 1990

Source: GSM2 Ad Hoc on DCS1800, Bristol

Title: DCS1800 - System Scenarios

A.O INTRODUCTION

This paper discusses system scenarios for DCS1800 operation primarily in respect of the GSM 05.05 series of
recommendations. To develop the DCS1800 standard, all the relevant scenarios need to be considered for each part of
GSM 05.05 and the most critical case identified. The process may then be iterated to arrive at final parameters that meet
both service and implementation requirements.

Each scenario has three sections:
a) liststhe system constraints such as the separation of the MS and BTS, antenna height etc;
b) liststhose sections of 05.05 that are affected by the constraints;
c) liststheinputsrequired to examine the implications of the scenarios.
The following scenarios are discussed:
1) Single MS, single BTS;
2) Multiple MS and BTS where operation of BTS'sis coordinated;
3) Multiple MS and BTS where operation of BTS's is uncoordinated;
4) Colocated MS;
5) Colocated BTS;

6) Colocation with other systems.

A.1 SCENARIO 1 - SINGLE BTS AND MS

A.1.1 Constraints

Aside from the frequency bands, the main constraint is the physical separation of the MS and BTS. The extreme
conditions are when the MSis close to or remote from the BTS.

A.1.1.1 Frequency Bands and Channel Arrangement (Clause 2 of
GSM 05.05)

The system is required to operate in the following frequency bands:
- 1710 MHz to 1 785 MHz: mobile transmit, base receive;
- 1805 MHzto 1880 MHz: base transmit, mobile receive;

with acarrier spacing of 200 kHz.
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In order to ensure the compliance with the radio regulations outside the band, a guard band of 200 kHz between the
edge of the band and the first carrier is needed at the bottom of each of the two subbands. Consequently , if we call
F1(n) the nth carrier frequency in the lower band, and Fu(n) the nth carrier frequency in the upper band, we have;

- FI(n) = 1710.2 + 0.2*(n-512) (MHz) (512 < n < 885)
- Fu(n) = FI(n) + 95 (MHz)

Thevaueniscalled the ABSOLUTE RADIO FREQUENCY CHANNEL NUMBER (ARFCN). To protect other
services, channels 512 and 885 will not normally be used, except for local arrangements.

A.1.1.2 Proximity

Table 1 shows examples of close proximity scenariosin urban and rural environments. Different antenna heights are
considered; 15 m high antennas are assumed to have lower gain (10 dBi) than 30 m high antennas (18 dBi).

Table 1: Worst case proximity scenarios

Rural Urban

Building Street Building Street

(note 1) (note 1)
BTS height, Hy, (m) 20 15 15 30 30
MS height, Hp, (m) 15 15 15 20 1,5
Horizontal separation (m) (note 4) 30 30 15 60 15
BTS antenna gain, G, (dB) (note 2) 18 10 10 18 18
BTS antenna gain, G'y, (dB) (note 3) 0 10 2 13 0
MS antenna gain, G, (dB) 0 0 0 0 0
Path loss into building (dB) 6 6
Cable/Connector Loss (dB) 2 2 2 2 2
Body Loss (dB) 1 1 1 1 1
Path loss - antenna gain (dB) 71 66 65 69 71

NOTE 1: Handset at height Hm in building.

NOTE 2: Bore-sight gain.

NOTE 3: Gain in direction of MS.

NOTE 4: Horizontal separation between MS and BTS.

Path loss is assumed to be free spacei.e. 37,5 + 20 log d(m) dB, where d is the length of the dloping line
connecting the transmit and receive antennas.

These examples suggest that the worst (ie lowest) coupling loss occursin urban areas where the MSisin a street below

the BTS. The coupling lossis then 65 dB. The coupling loss is defined as that between the transmit and receive antenna
connectors.

A.1.1.3 Range

Table 2 shows examples of range scenarios. The ranges quoted are the maximum anticipated for DCS1800 operation. In
rural areas, thisimplies relatively flat terrain with little foliage loss. In urban areas, up to 1 km cells should be
supported. In each case, an allowance must be made for in-building penetration loss. The figures shown are examples of

those needed to achieve these cell sizes. In many situations, however, smaller cells may be used depending on the local
conditions of terrain and traffic demand.
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Table 2: Worst case range scenarios

Rural Urban
BTS height, Hy, (m) 60 50
MS height, H, (m) 1,5 1,5
BTS antenna gain, Gy, (dB) 18 18
MS antenna gain, Gy, (dB) 0 0
Path loss into building (dB) [10] [15]
Target range (km) 8 1

A.1.2 05.05 Paragraphs Affected

Paragraph Title
2 Frequency bands and channel arrangement
4.1 Output power
6.1 Nominal error rates (maximum receiver levels)
6.2 Reference sensitivity level

A.1.3 Inputs needed
Working assumptions
Propagation model Hata model (down to 1 km)

Free space (up to [200] m maximum)

Log normal shadow margin [6] dB
Building penetration loss - urban [15] dB
- rurd [10] dB

External noise (continuous and impulsive)  Negligible

MS noise figure: [12] dB

BTS noise figure: [8] dB

EJ/Ng: 6 dB + 2 dB (implementation margin)
Location probability, Pe: 75% at cell boundary

Implementation losses

Body loss [3] dB (typical)

A.2 SCENARIO 2 - MULTIPLE MS AND BTS,
COORDINATED

Coordinated operation is assumed ie BTS's belong to same PLMN. Colocated MS's and colocated BTS's are dealt with
in Scenarios 4 and 5, respectively.

A.2.1 Constraints

The constraints are the same as those for scenario 1.
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A.2.2 05.05 paragraphs affected

Paragraph Title
4.1 Adaptive power control:
- reduces co- and adjacent- channel interference.
- controls near/far effect for multiple MS's to same BTS.

4.2 Output RF spectrum:
- to limit adjacent channel interference.
4.3 Spurious emissions (in-band):

- near/far effect to same BTS.
- see figure 2.1.
45 Output level dynamic operation:
- near/far effect to same BTS.
- required limits comparable with spurious.

4.7.1 Intermodulation attenuation, BTS
- see figure 2.2.
4.7.2 Intra BTS intermodulation attenuation:
- see figure 2.3.
5.1 Blocking, in-band:
- near/far effect.
6.3 Reference interference level

A.2.3 Inputs needed

Target Cluster size Assume 9 cell, i.e. 3 site, 120° sectored.

BTS

=

M52

Figure 2.1: Near/far effect

30dB, 480kHz
RN
MS1

32

128" sectored
BTS

3 cell, 120° sectored BTS;

400 kHz channel separation between;
sectors;

30 dB BTS transmitter/receiver coupling; or
transmitter/transmitter coupling.

Figure 2.2: Scenario for Intermodulation distortion

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 51 ETSI TR 145 050 V14.0.0 (2017-04)

M3

BTS

X\\> MS2

M33

Figure 2.3: Intra BTS intermodulation attenuation

A.3 SCENARIO 3 - MULTIPLE MS AND BTS,
UNCOORDINATED

BTSsand MS's may belong to different DCS1800 networks.

A.3.1 Constraints

The constraints are as in scenario 2 except that the MS's and BTS's belong to different PLMNS's and their operation is
uncoordinated.

A.3.2 05.05 paragraphs affected

Paragraph Title
4.2 Output RF spectrum
4.3 Spurious emissions (in-band, up and down links):

- near/far effect to same BTS.
- see figure 3.1.

4.5 Output level dynamic operation:
- near/far effect to same BTS.
4.7 Intermodulation:
- see figure 3.2.
51 Blocking, in-band, up and down links:
- see figure 3.1.
5.2 Intermodulation, in-band:
- see figure 3.2.
53 Spurious response rejection

A.3.3 Inputs needed

Minimum frequency separation of carriersin BTS; assume 400 kHz as for cluster size of 9.

BT32 M52

Figure 3.1: Blocking and Spurious
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M3
xgiﬁffaiiﬁﬁﬁffﬁﬁ 11 Intermod.

BTS2 ———
BT31 HS 2
M53
e
M51
’//1_/-/} i1 E______L__d___»,nsz
BTS1 BTSE_____Z______}

M53

BTS1 and BTS2 belong to different PLMN's.
MS1 affiliated to BTS1 PLMN; MS2 and MS3 affiliated to BTS2 PLMN.

HS3
MS1 _— = >BTS1<

R

HS 2

= "2 BTs?

Intermodulation products in BTS1 receiver.

Figure 3.2: Intermodulation

A4  SCENARIO 4 - COLOCATED MS

Colocated M 'S which may be served by BTS from different networksie MS's not synchronised.

A.4.1 Constraints

Minimum separation of MS1 m.
Guard band between up and down links 20 MHz.

Bandwidth of up and downlink bands 75 MHz.

A.4.2 05.05 paragraphs affected

Paragraph Title
4.3.3 Spurious emissions, out-of-band.
5.1 Blocking, out-of-band.
5.3 Spurious response rejection.
5.4 Spurious emissions.
[New 4.7.3 Intermodulation between MS].

- see figure 4.1.
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I

M52
IM.

IM. MSEG‘“————_E————______
BTS2

Out-of-band intermods; MS1 and MS2 at full power.
Received signal at MS3 from BTS2 at reference sensitivity. By symmetry, MS1 will be affected by an .M.
product from MS2 and MS3 whenever MS3 is affected as shown above.

M3

In-band intermods.

Figure 4.1: Intermodulation between MS

A.4.3 Inputs needed

Additional body losses; assume [3 dB].

A5 SCENARIO 5 - COLOCATED BTS

Two or more colocated BTS possibly from different PLMN's.

A.5.1 Constraints

Coupling between BTS's may result either from the co-siting of BTSs or from several BTS'sin close proximity with
directional antenna. The maximum coupling between BTS' should be assumed to be [30] dB. Thisis defined as the loss
between the transmitter combiner output and the receiver multi-coupler input.

A.5.2 05.05 paragraphs affected

Paragraph Title
4.3 Spurious emissions.
4.7.1 Intermodulation attenuation, BTS:
- (see figure 5.1).
5.1 Blocking:

- [30] dB coupling between BTS TX - RX.
- [30] dB coupling between BTS TX - TX.
- [30] dB coupling between BTS RX - RX.
- BTS either same or different PLMN.

5.3 Spurious response rejection.

5.4 Spurious emissions.

A.5.3 Inputs needed

None.
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MS1
\\ /MSE
BTS1-="BTS

s
M\Ema

BTS3 different PLMN from BTS 1 and 2.
Intermodulation products at MS3 receiver.

Figure 5.1: Intermodulation scenario

A.6 SCENARIO 6 - COLOCATION WITH OTHER
SYSTEMS

DCS1800 systems will have to work in the presence of other mobile radio systems.

A.6.1 Constraints

Operation of DCS1800 mobiles to be considered in close proximity with other systems.
GSM phase 1;
GSM phase 2;
DECT;
Analogue cellular (TACS, NMT450/900, C450, R2000); and
CT2 mobiles.

A.6.2 05.05 paragraphs affected

Paragraph Title
4.3 Spurious emissions, out-of-band
5.1 Blocking, out-of-band
53 Spurious response rejection
5.4 Spurious emissions

A.6.3 Inputs needed

Performance specifications of other systems.
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ETSIGSM TC TDoc GSM 60/91
Saarbrucken, 14-18 January 1991
Source: GSM 2

A.7  Title: Justifications for the proposed Rec. 05.05 DCS

I INTRODUCTION

The DCS1800 system requirements are defined in a paper entitled 'DCS1800 - System Scenarios (GSM TDoc 259/90)
and the parameters chosen either meet these requirements or represent a compromise between them and what can be
manufactured at an appropriate cost. Changes to the 900 MHz standard have only been made where there is a specific
system advantage or cost saving. Consideration has been given to methods of measurement for the changed
specifications.

Section |1 expands the scenarios paper into more detailed requirements for RF parameters. Section |11 followsthe
section numbering of GSM 05.05 and justifies the desired changes for DCS1800. The present document does not
comment on simple changes from GSM 900 to DCS1800 frequency bands since this change is assumed.

I METHODOLOGY

Unless otherwise stated the results of scenario cal culations assume transmit powers of 39 dBm for the base and a

30 dBm for the mobile, both measured at their respective antenna connectors. The equivalent noise bandwidth of the
transmitted signal istaken to be 120 kHz and that of the receiver 180 kHz. Worst case scenarios usualy involve a
"near/far" problem of some kind, the component scenario assumptions (as given in the scenarios paper for "near" and
“far" can be summarised as follows.

"Near" Coupling loss (dB)
BTS -> MS 65
MS -> BTS 65
MS-> MS 40.5
BTS -> BTS 30

The coupling lossis defined between antenna connectors. The powers and sensitivities are discussed in section |11 of
this paper, they are quoted here to enable scenario calculations to be performed. The transmitter power and receiver
sensitivity are measured at the respective antenna connectors.

"Far" Tx power (dBm) Rx Sensitivity (dBm)
BTS 39 -104
MS 30 -100

Scenarios can involve uncoordinated or co-ordinated entities (MS or BTS) depending on whether they are from the
same PLMN. With uncoordinated operation handover and power control are not used in response to the proximity of the
BTS and more severe near/far problems can arise, however, co-ordinated scenarios are often more likely spatially and
more likely to occur at lower frequency offsets. Unco-ordinated scenarios become critical when they involve mobiles
being simultaneously on the edge of their serving cell and close to another operator's BTS, aso the transmitter and
affected receiver will be in different operator frequency allocations. It is most important that the co-ordinated scenario
requirements are met where possible.

The probability and consequences of the various scenarios must be taken into account when choosing the actual
specification. For example, jamming a whole base station is a more serious consequence than jamming a single mobile
and intermodul ation scenarios which involve the co-location of 3 entities are consequently less likely than those which
only involve 2.
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The remainder of this section outlines the key scenario calculations which affect the choice of parameters for
GSM 05.05. Transmitted levels are those in the receiver bandwidth, athough in many cases the test bandwidths are
narrower because of the need to avoid switching transients affecting the measurement.

A.7.1 Transmitter

A.7.1.1 Modulation, Spurs and Noise

A7.1.1.1 Co-ordinated, BTS -> MS (Scenario 2, figure 2.1)
Since the affected MSiis close to its own base we only need to ensure adequate C/I at the BTS.

Max. Tx noise level in Rx bandwidth = [BTS power] - [Power control range] - [C/l margin] - [Multiple interferers
margin] =39-30-9-10=-10dBm.

(BTS dynamic power control isoptional, in the worst case it will be employed on the link to the affected MS but the
other link will be at full power).

A7.1.1.2 Uncoordinated, BTS -> MS (Scenario 3, figure 3.1)

Max. Tx. level of noisein Rx. bandwidth = [M S sensitivity] - [C/l margin] - [Multiple interferers margin] + [Coupling
loss] =-100-9-10 + 65 =-54 dBm.

Max. Tx level of spur in Rx bandwidth = [M S sensitivity] - [C/l margin] + [Coupling loss] =-100 - 9 + 65 = -44 dBm.

A.7.1.1.3 Co-ordinated & Uncoordinated MS -> BTS (Scenarios 2 and 3, figures 2.1
and 3.1)

Max. Tx level in Rx bandwidth = [BTS sensitivity] - [C/l margin] + [Coupling loss] =-104 - 9 + 65 =-48 dBm.

Although the absolute spec. is the same the MS may find it easier to meet scenario 2 because it will be powered down.

A7.1.14 Co-ordinated & Uncoordinated MS->MS (Scenario 4)

Max Tx level in Rx bandwidth = [M S sensitivity] - [C/I margin] + [Coupling loss] =-100 - 9 + 40.5=-68.5 dBm.

A.7.1.1.5 Co-ordinated & Uncoordinated BTS->BTS (Scenario 5)

Max Tx level noise in Rx bandwidth= [BTS sengitivity] - [C/| margin] - [Multiple interferers margin] + [Coupling loss]
=-104-9-10+30=-93dBm.

A.7.1.2 Switching Transients

The peak level of transientsin a5 pole synchronously tuned measurement filter of bandwidth 100 kHz simulates their
effect on the receiver. The transients only effect afew bits per timeslot and have approximately 20 dB less effect than
continuous interference. Their peak level fals off at 20 dB decade both with increasing frequency offset and
measurement bandwidth.

A7.1.21 Uncoordinated MS -> BTS (Scenario 3, figure 3.1)

Max. peak level in effective Rx BW at MS = [Base sensitivity] - [C/l margin] + [Coupling loss] + [Transient margin] =
-104 - 9 +65 + 20 = -28 dBm.

A7.1.2.2 Uncoordinated BTS -> MS (Scenario 3, figure 3.1)

Max. peak level in effective Rx BW at BTS = [M S sengitivity] - [C/I margin] + [Coupling loss] + [Transient margin]
=-100-9 + 65 + 20 = -24 dBm.
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A.7.1.3 Intermodulation

A.7.1.3.1 Co-ordinated, BTS -> MS (Scenario 2, figures 2.2 and 2.3)
(Level of input signal 30 dB below wanted transmission).

Required IM attenuation in BTS = [C/I margin] + [BTS power control range] + [margin for other IMs]| =9+ 30+ 3 =
42 dB.

A.7.1.3.2 Uncoordinated, BTS ->MS (Scenario 3, figure 3.2 top)

(Level of input signal 30 dB below wanted transmission).

Required IM attenuation in BTS = [BTS power] - {[Max. allowed level at MS1] + [coupling loss BTS2->MS1]} =
39-{{-100-9- 3} + 65} =86dB.

A.7.1.3.3 Uncoordinated, MS&MS-> BTS (Scenario 4, figure 4.1 bottom)

(Level of input signal 40,5 dB below wanted transmission).

Required IM attenuationin MS = [MS power] - {[Max. allowed level at BTS2] + [coupling lossMS->BTS2]} =
30-{{-104-9- 3} + 65} =81dB.

A.7.1.34 Uncoordinated MS&MS-> MS (Scenario 4, figure 4.1 top)
(Level of input signal 40,5 dB below wanted transmission).

Required IM attenuationin MS = [MS power] - {[Max. allowed level at MS3] + [coupling lossMS->MS3]} =
30-{{-100-9- 3} + 40,5} =101,5dB.

A.7.2 Receiver
A.7.2.1 Blocking

A.7.2.1.1 Co-ordinated & Uncoordinated BTS-> MS (Scenarios 2 and 3, figures 2.1 and
3.1)

Max. level at MSreceiver = [BTS power] + [Multiple interferers margin] - [Coupling loss] =39 + 10 - 65=-16 dBm.

A7.21.2 Co-ordinated MS-> BTS (Scenario 2, figure 2.1)

Max level at BTSreceiver = [MS power] - [Power control range] - [Coupling loss] = 30 - 20 - 65 =-55 dBm.

A.7.2.1.3 Uncoordinated MS-> BTS (Scenario 3, figure 3.1)

Max level at BTS receiver = [MS power] - [Coupling loss] = 30 - 65 =-35 dBm.

A7.21.4 Co-ordinated & Uncoordinated MS-> MS (Scenario 4)

Max. level at M S receiver = [MS power] - [Coupling loss] = 30 - 40,5 =-10,5 dBm.

A.7.2.15 Co-ordinated & Uncoordinated BTS-> BTS (Scenario 5)

Max. level at BTSreceiver = [BTS power] + [Multiple interferers margin] - [Coupling loss] = 39 +10 - 30 =19 dBm.
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A.7.2.2 Intermodulation

A7.221 Co-ordinated & Uncoordinated BTS-> MS (Scenarios 2 and 3, figure 3.2
middle)

Max. received level at MS1 = [BTS power] - [Coupling loss BTS2->MS1] + [Margin for other IMs] =39 - 65+ 3
=-23dBm.

Required IM attenuationin MSis 42 dB for scenario 2 and 86 dB for scenario 3. TheGSM 05.05 clause 5.2 test
simulates scenario 3.

A7.22.2 Co-ordinated MS & MS -> BTS (Scenario 4)

Max. received level at BTS1 = [MS power] - [M S power control range] - [Coupling loss MS-> BTS1] + [Margin for
other IMs] =30-20- 65+ 3=-52dBm.

A.7.2.2.3 Uncoordinated MS & MS -> BTS (Scenario 4, figure 3.2 lower)

Max. received level at BTS1 = [MS power] - [Coupling lossMS-> BTS1] + [Margin for other IM's] =30- 65+ 3
=-32dBm.

A.7.2.3 Maximum level

A.7.23.1 Co-ordinated MS -> BTS (Scenario 1)
Max level at BTS=[MS power] - [Coupling loss] =30 - 65 =-35dBm.
(The BTS must be capable of decoding the RACH which is at full power).

A.7.2.3.2 Co-ordinated BTS -> MS (Scenario 1)
Max level at MS = [BTS power] - [Coupling loss] = 39 - 65 = -26 dBm.

(BTS dynamic power control is optional, in the worst case it will not be employed, also the MS must be capable of
decoding the BCCH carrier).

[l JUSTIFICATIONS

A.8.1 SCOPE

A.8.2 FREQUENCY BANDS AND CHANNEL ARRANGEMENT

The up and downlink frequencies have been changed to cover the 1,8 GHz band. The 374 carrier frequencies have been
assigned ARFCNs starting at 512.

A.8.3 REFERENCE CONFIGURATION

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 59 ETSI TR 145 050 V14.0.0 (2017-04)

A.8.4 TRANSMITTER CHARACTERISTICS

A.8.4.1 Output power

A84.1.1 Mobile Station

MS power classes of 1 and %W have been chosen for DCS1800 defined in the same way as for GSM900. With a30 m
antenna height Hata's model predicts that the higher MS power class will not quite meet the target ranges given in the
system scenarios paper both for urban and rural areas. The requirement for a cheap, small, low power handset isaso an
important constraint. It isfelt that the chosen power classes represent a reasonable compromise between these
conflicting requirements.

A 20 dB power control range has been chosen for both classes of mobile sinceit is believed that this will give most of
the available improvement in uplink co-channel interference.

Since the chosen power classes and hence power control levels are even numbers in dBm they will not fit into the
existing numbering scheme, so a new one has been used. These numbers are only of editorial significance.

The absol ute tolerance on power control levels below 13 dBm has been increased by:

- 1 dB because of manufacturers concerns about implementation.

A.8.4.1.2 Base Station

Following GSM900, the BTS power classes are specified at the combiner input. In order to provide the operator some
flexibility four power classes have been specified in the range 34 dBm to 43 dBm. In fact the four lowest power classes
from GSM 900 have been retained although the numbering has been changed. The 39 dBm BTS power measured at the
antenna connector might typically match a 30 dBm mobile.

The tolerance on the BTS static power control step size has been relaxed to simplify implementation, control of the BTS
power to an accuracy of lessthan 1dB was felt to be unnecessary.

The penultimate paragraph has been reworded because a class 1 mobile no longer has 15 power steps.

A.8.4.2 Output RF spectrum

The BTSisnot tested in frequency hopping mode. If the BTS uses baseband frequency hopping then it would add little
to test in FH mode; if it uses RF hopping then the test will be complicated by permissible intermodulation products (see
subclause 4.7) from BT Ss which do not de-activate unallocated timeslots.

A.8.4.21 Spectrum due to the modulation
The relaxation for M Ss with integral antennas has been removed.

The measurement has been extended to cover the whole transmit band and beyond 1 800 kHz from carrier
measurements are only taken on DCS1800 carrier frequencies using a 100 kHz bandwidth. This technique still avoids
permissible switching transients, isfairly quick and closely reflects the receiver bandwidth and hence the system
scenario. It isnow a measurement of broadband noise as well as modulation.

The technique proposed in CR 30 for counting spur exceptionsin FH mode for GSM 05.05 is also included here.

The table has been split into those parts which apply to the mobile and those which apply to the base reflecting the
difference in their respective scenario requirements.

When operating at full power, the table below shows the frequency offset at which scenario requirements are met.
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39 dBm BTS at ant. conn. 30dBm MS
Scenario 2 400 kHz (1.1.1) 400 kHz (1.1.3)
Scenario 3 missed by 10dB 6 MHz (1.1.3)
at 6 MHz (1.1.2)

The figuresin brackets are the relevant scenario requirement sub-section numbersin section |1 of the present document.

Exceptionsi and ii below the table define the maximum number of exception channels appropriate to the frequency
bands tested. For the BTS permissible intermodulation products must be avoided.

Since the table entries are relative, as the power level of the transmitter is reduced, the absolute specification becomes
tighter. Exceptionsiii and iv stop the transmitters having to exceed the requirement of scenario 3. Further relaxations
are permitted at low frequency offsets; for the MS scenario 3 is unlikely below 600 kHz and the requirement of
scenario 2 is used; for the BTS, the 10 dB multiple interferers margin is excessive below 1 800 kHz and the minimum
level isincreased by 5 dB.

A.8.4.2.2 Spectrum due to switching transients
a) Mobile Station

The table has been modified in accordance with the new mobile power classes. The transients are always above
the modulation at 400 kHz offset and so the table collapses to asingle row.

Requirement 1.2.1 for scenario 3 becomes -38,5 dBm in 30 kHz. The current specification meets this
requirement at offsets above 2.4 MHz while the 4.2.1 test only meets scenario 3 at offsets above 6 MHz. The
specification on transients is not the limiting case and need not be changed.

b) Base Station

Requirement 1.2.2 for scenario 3 becomes -34,5 dBmin 30 kHz. With the current specification 239 dBm BTS
meets this requirement at 600 kHz. Again no change is proposed. This figure assumes that "dBc" meansrelative
to the on-carrier power in 30 kHz; a possible ambiguity in the wording has been removed.

A.8.4.3 Spurious emissions

A.8.4.3.1 Principle of the specification

Although 4.2.1 now covers the whole transmit band, the in band part of 4.3.1 is still required to check the behaviour of
switching transients beyond 1800 kHz and to catch any spurs missed in 4.2.1.

A.8.4.3.2 Base Station

The protection of frequencies outside the DCS1800 band is unchanged, but the spurious emissions in the transmit band
are only permitted up to -36 dBm which is below the CEPT limit of -30 dBm but the same as GSM 05.05. The same
appliesto the M S transmit band in 4.3.3. The new base receive band is given the same protection as before measured in
the modified conditions of 4.2.1, this meets scenario requirement 1.1.5 scaled to a measurement bandwidth of 100 kHz.
The GSM 900 base receive band is also protected but only when the co-siting of GSM and DCS BT Ss occurs.

A.8.4.3.3 Mobile Station

This section consists of two blanket specifications one for transmit mode and one for idle mode Specific tests of the MS
receive band are also given.

When allocated a channel, the transmit band and out-of-band specifications are the same as for the BTSin 4.3.2. These
are consistent with 4.2.1 and the CEPT specifications for spurious emissions.

In idle mode the CEPT specification below 1 GHz is also applied to the DCS transmit and receive bands using a
100 kHz measurement bandwidth, this specification also exceeds scenario requirement 1.1.3 for the M S transmit band.
however, the number of mobilesin idle mode may be quite large.
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The test of the M S receive band meets scenario requirement 1.1.4 and uses the modified conditions of 4.2.1. 5 exception
channels are permitted for discrete spurious, it is rather unlikely that two MS will be one metre apart and receiving at
one of these exception channels. Protection of the GSM900 M S receive band is aso provided. The specification is 6 dB
tighter reflecting the reduced propagation loss between colocated MS at 900 MHz. The dependence of thistest on
power class has been removed since al mobiles are hand portables. No extra testing of the MSreceive band inidle
mode is made because it is unlikely to be worse than when allocated a channel.

A.8.4.4 Radio frequency tolerance

A.8.4.5 Output level dynamic operation

A8.45.1 Base station

This specification only affects the interference experienced by co-channel cellsin the same PLMN. The requirement on
the relative power level of unactivated timeslots has been relaxed from -70 dBc to -30 dBc in line with the BTS power
control range. It is understood that "dBc" includes the static but not dynamic power control.The specification has been
extended to cover the whole transmit band because the residual power may not be highest on carrier.

The measurement bandwidth is specified as at least 300 kHz due to problems with ringing of the measurement filter
just after an active burst has finished.

A.8.45.2 Mobile station:

The power level between active bursts from the M S affects the serving BTS receiver. The power measured in 100 kHz
on carrier will be similar to that measured in the receiver bandwidth which must be less than -48 dBm to meet scenario
requirement 1.1.3. The absolute specification has been tightened from -36 dBm to -47 dBm in line with this requirement
but the relative specification has been retained. Allowing 10 dB for the peak-to-mean ratio of the power between active
burstsif it is noise-like, the relative specification will meet this scenario requirement for a 1W MS.

A.8.4.6 Phase accuracy

A.8.4.7 Intermodulation attenuation

The definition of intermodulation attenuation has been moved from subclause 4.7.1 to subclause 4.7 to make it clear
that it appliesto subclauses 4.7.1, 4.7.2 and 4.7.3. A note concerning possible problems with VHF broadcast signals has
been added because these are at the difference between the DCS up and downlink frequencies.

A8.4.7.1 Base transceiver station
A.8.4.7.2 Intra BTS intermodulation attenuation

A.8.4.7.3 Intermodulation between MS

Section 4.7.3 of the 900 MHz specification concerned the mobile PBX. The mobile PBX isno longer included in
GSM 02.06, there is no type approval for it and consequently the original subclause 4.7.3 text has been removed. The
new section 4.7.3 relates to intermodul ation between M S transmitters, an area which was not covered in the 900 MHz
standard.

In the proposed measurement, the level of the interfering signal simulates that from avery close MS and the required
IM attenuation isto protect MS or BS receiversin the vicinity. M S transmit intermods are covered by scenario
requirements 1.3.3 and 1.3.4. If the product landsin the BTS receive band 81 dB IM attenuation isrequired, if the
product lands in the M S receive band 101,5 dB IM attenuation is required in the M S transmitter which produces the IM.

Both these scenarios require the co-location of 3 objects (MSor BTS) with the correct frequency relationship.
Experiments performed by manufacturers on 900 MHz PA's indicate that 50 dB attenuation is achievable at all
frequency offsets. A tighter specification would require the use of an isolator or more linearity in the PA design. A
specification of 50 dB tested at 800 kHz offset was agreed.
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A.8.5 RECEIVER CHARACTERISTICS

A clarification of the of the measurement point for the receiver specificationsin line with that for the transmitter has
been made.

A.8.5.1 Blocking characteristics

The M S blocking specification close to the received channel has not been changed, thisis limited by the receive
synthesizer phase noise. At higher frequency offsets the blocking specification relates to the DCS1800 band and the
feasibility of the receive filter. The proposed specification is shown below, the dashed line shows a possible receive
filter frequency response.

The blocking specification at > 3 MHz offset in the receive band misses the scenario requirement 2.1.1 (-16 dBm) by
10 dB, but the transmit band specification meets scenario requirement 2.1.4 (-10,5 dBm). Power consumption
considerations make it undesirable to tighten the receive band specification. The outside the DCS1800 band the 0 dBm
specification has been retained. The combination of these proposals amountsto afilter specification over the M S
receive band as shown below.
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The BTS blocking requirement has been significantly relaxed because the M S power classes are lower. Scenario
requirement 2.1.2 is-55 dBm which considers blocking from the bases own MS's. Requirement 2.1.3 is-35 dBm which
isfor mobiles from other operators. The proposal meets the scenario requirements even at 600 kHz offset and exceeds it
by 10 dB beyond 800 kHz.

The consequence of failing to meet this scenario is that the whole base station is blocked. For this reason it is desirable
for the base station to exceed the scenario requirement if possible.

The out-of-band specification has not been changed, although it does not meet scenario requirement 2.1.5 (19 dBm).
Thisis because the 30 dB coupling loss assumption between base stations is rather pessimistic, it corresponds to two
18 dBi antennas on boresight 17 m apart. Under these circumstances, operators may need to adopt specific mutual
arrangements (eg. extra operator specific receive filters) which need not form part of the DCS1800 standard.
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A.8.5.2 Intermodulation characteristics

The 900 MHz standard for handportables limits the maximum level to -49 dBm. Any tightening of this specification

will increase the power consumption of the receiver. Since DCS1800 is desighed for handportables this figure is now
applied to all MSs. The proposed level of -49 dBm for the M S fails to meet scenario requirement 2.2.1 by 23 dB, but the
only consequence is that the MS is de-sensed when close to a BTS with the appropriate transmitters active.

The worst case for BTS receiver IMsis when two M Ss approach the base, the scenario requirement is covered in
subclauses 2.2.2 and 2.2.3 and is -55 dBm for co-ordinated mobiles and -35 dBm for uncoordinated.

Again -49 dBm has been proposed since the probability of the uncoordinated scenario is low both spatially and
spectrally. If the coupling loss between both M Ss and the BTS increases by 1dB the level of athird order IM product
will reduce by 3 dB, thusif the coupling loss assumption between MS and BTS isincreased by 5 dB to 70 dB then the
scenario would be met.

A note concerning the VHF broadcast problem has been added as in subclause 4.7 for transmiiter intermodulation.

A.8.5.3 Spurious response rejection

This section concerns exceptions to the blocking specification due to spurs in the receive synthesizer and mixer causing
spurious responses. The numbers of exception channels has been doubled to reflect the wider receive band. For the BTS
the in-band blocking specification can cover frequency offsets of 95 MHz depending on the receive frequency and
including the 20 MHz extension of the receive band defined in subclause 5.1. Thus the boundary between partsaand b
of the specification has been moved from 45 MHz to 95 MHz because the receive band is now 50 MHz wider.

Following the above logic the breakpoint between parts aand b for the MS should occur at -95 MHz and +115 MHz but
in the interests of simplicity the same breakpoint is proposed as for the BTS.
A.8.5.4 Spurious emissions

Since the M S receiver spurious emissions are covered by the idle mode aspect of 4.3.3 this section now only refersto
the BTS.

A.8.6 TRANSMITTER/RECEIVER PERFORMANCE

A.8.6.1 Nominal error rates (NER)

The scenario requirement for the maximum received level at the MSis-26 dBm (requirement 2.3.2). The figure
of -23 dBmis aso in approximate alignment with the blocking specification at >3 MHz.

The required NER for the static channel above at -23 dBm has been increased to ¥2% in line with CR 28

Under multipath conditions the peak signal level exceeds the mean level. In order to prevent significant clipping the
maximum level under multipath conditions has been set to -40 dBm. Multipath reception conditions occur when there is
no line of sight path and the received signal level islikely to be lower.

The same specifications have been applied to the BTS receiver.

A.8.6.2 Reference sensitivity level

Simulations of TU50 and HT100 at 1,8 GHz have been performed and table 1 has been modified appropriately. The
RA130 results at 1,8 GHz are taken from the RA250 results at 900 MHz. Allowance has been made for enhanced bad
frame indication in accordance with CR 27.

The MS sensitivity has been relaxed by 2 dB to simplify the M S at the expense of a dightly higher BTS power
requirement, to balance the up and downlinks.
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A.8.6.3 Reference interference level

TUL5 and RA 130 resultsat 1,8 GHz in table 2 are taken from TU3 and RA250 in GSM 05.05 respectively. TU 50 at
1,8 GHz has been simulated and the results are incorporated in the table. Allowance has been made for enhanced bad
frame indication in accordance with CR 27.

The effect of doubling the Doppler spread isin genera to improve the performance without FH due to increased
decorrelation between bursts and to slightly degrade performance with FH because the channel isless stationary during
the burst.

A.8.6.4 Erroneous frame indication performance

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 65 ETSI TR 145 050 V14.0.0 (2017-04)

Annex B:
GSM900 Small Cell System scenarios

ETSI/STC/SMG2 T.Doc 104/92 - Rev. 1
Strasbourg
1 - 4 September 1992

Title: Small Cell System Scenariosfor GSM 900.

Source: Vodafone, UK

Introduction

Small cells are defined in GSM 03.30 as having antennas above median roof height but below maximum, whereas
Large cells have antennas above the maximum roof height. Median roof heights vary with location, in particular
between City Centre and Suburban locations. Suburban median roof heights vary with type of housing and may often be
characteristic of aparticular country but are likely to fall between 8 m and 20 m.

Small cells feature much lower antennas than large cells and as such the minimum coupling loss between base and
mobile antenna is significantly decreased. In practice small cells are likely to operate at alower transmit power level,
being aimed at providing limited coverage, but not necessarily capacity, in urban/suburban environments.

This paper presents the results of applying the propagation loss at 100m BTS to M'S antenna separation from the

GSM 03.30 Small Cell example, to the system scenariosin TDoc GSM 61/91 which details system scenarios for
DCS1800. The results are presented in a similar manner as TDoc GSM 60/91 and will be applicable to a 75% location
probability.

A further set of resultsis presented for the worst case scenario where the agreed Minimum Coupling Loss (MCL) of
59 dB from T.Doc SMG 49/91 is used.

Both sets of results assume a Class 2 coordinated and uncoordinated M S but the effect of MS power control is taken
into account for the coordinated MS.

Small Cell Example

The definition of the small cell example in GSM 03.30 annex A.4 is as follows.

Base TX Configuration
Antenna Gain: +16 dBi (BAG)
Antenna Height: 17 m
Roof Height 15m
Antenna Feeder Loss: 2dB (BFL)

Mobile RX Configuration

Antenna Gain: 2 dBi (MAG)
Antenna Height 15m
Antenna Feeder Loss: 2dB (MFL)

Propagation Loss
Loss (dB) = 132,8 + 38 log(d/km)

The coupling loss for this scenario is then:
132,8 + 38 log(d/km) - BAG + BFL - MAG + MFL= 80,8 dB at a M S to base separation of 100 m.
The system scenarios at 100 m are presented in Appendix 1.

Minimum Coupling L oss Case
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The system scenarios based on the same small cell example as above but using aMCL of 59 dB are presented in

Appendix 2.

It should be noted that this produces worse case figures, assuming operation at limit sensitivity, i.e. in anoise limited
environment. For the small cell casethe MS at least, islikely to be operating in an interference limited environment
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with an effective sensitivity worse than limit sensitivity.
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Appendix 1. System Scenarios for Small Cell GSM900

Near Coupling loss
BTS -> MS 81
MS -> BTS 81
MS -> MS 34,5
BTS ->BTS 25

Far Tx power (dBm Rx Sensitivity (dBm)
BTS 38 -104
MS 39 -104

BTS power control range 30
MS power control range 26
C/l margin 9
Multiple interferers margin 10
Transient margin 20
margin for other IMs 3

NOTE: All resultsarein dBm except for subclause 1.3 where the results are dB.

B.1 Transmitter

B.1.1 Modulation, Spurs and Noise

B.1.1.1 Co-ordinated, BTS -> MS

Max. Tx noise level in RX bandwidth = [BTS power] - [Pwr control range] - [C/I margin]-[Multiple interferers margin]

=-11.

B.1.1.2 Uncoordinated, BTS -> MS

Max Tx level of noise in Rx bandwidth = [M S sensitivity] - [C/| margin] - [multiple interferers margin] + [coupling

loss] = -42.

Max Tx level of spur in Rx bandwidth = [M S sensitivity] - [C/I margin] + [coupling loss] = -32.

B.1.1.3 Co-ordinated & Uncoordinated MS -> BTS

Max Tx level in Rx bandwidth = [BTS sensitivity] - [C/I margin] + [coupling loss] = -32.

B.1.1.4 Co-ordinated & Uncoordinated MS -> MS

Max Tx level in Rx bandwidth = [M S sensitivity] - [C/I margin] + [Coupling loss] = -78,5.
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B.1.1.5 Co-ordinated & Uncoordinated BTS -> BTS

Max Tx level noisein Rx bandwidth = [BTS sensitivity] - [C/l margin] - [multiple interferers margin] + [coupling loss]
=-98.

B.1.2 Switching Transients

B.1.2.1 Uncoordinated MS -> BTS

Max peak level in effective Rx BW at MS = [Base sensitivity] - [C/l margin] + [coupling loss] + [Transient margin]
=-12.

B.1.2.2 Uncoordinated BTS -> MS

Max pesk level in effective Rx BW at BTS = [MS senditivity] - [C/l margin] + [coupling loss] + [transient margin]
=-12.

B.1.3 Intermodulation

B.1.3.1 Coordinated, BTS -> MS

Required IM attenuation in BTS = [C/l margin] + [BTS pwr control range] + [margin for other IMs] = 42.

B.1.3.2 Uncoordinated, BTS -> MS
Required IM attenuation in BTS = [BTS power] - {[Max allowed level at MS1] + [coupling lossBTS2 -> MS1]} = 73.
NOTE: [Max alowed level at MS1] = [MS sensitivity - C/I margin - margin for other IMg].

B.1.3.3 Uncoordinated, MS&MS -> BTS
Required IM attenuation in MS=[MS power] - {[Max alowed level at BTS2] + [coupling lossMS -> BTS2]} = 74.

NOTE: [Max alowed level at BTS2] = [BTS sensitivity - C/l margin - margin for other IMg].

B.1.3.4 Uncoordinated MS&MS -> MS
Required IM attenuationin MS = [MS power] - {[Max allowed level at MS3] + [coupling lossMS -> MS3]} = 120,5.
NOTE: [Max alowed level at MS3] = [MS sensitivity - C/I margin - margin for other IMg].

B.2 Receiver

B.2.1 Blocking

B.2.1.1 Co-ordinated & Uncoordinated BTS -> MS

Max level at MS receiver = [BTS power] + [multiple interferers margin] - [coupling loss] = -33.

B.2.1.2 Co-ordinated MS -> BTS

Max level at BTS receiver = [MS power] - [Power control range] - [coupling loss] = -68.
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B.2.1.3 Uncoordinated MS -> BTS

Max level at BTSreceiver = [MS power] - [coupling loss] = -42.

B.2.1.4 Co-ordinated & Uncoordinated MS -> MS

Max level at MSreceiver = [M S power] - [coupling loss] = 4,5.

B.2.1.5 Co-ordinated and Uncoordinated BTS -> BTS

Max level at BTSreceiver = [BTS power] + [multiple interferers margin] - [coupling loss] = 23.

B.2.2 Intermodulation

B.2.2.1 Co-ordinated & Uncoordinated BTS -> MS

Max received level at MS1 = [BTS power] - [coupling loss BTS2->MS1] + [margin for other IMs] = -40.

B.2.2.2 Co-ordinated MS & MS -> BTS

Max received level at BTS1 = [MS pwr] - [MS pwr control range] - [coupling lossM S -> BTS1] + [margin for other
IMg] =-65.

B.2.2.3 Uncoordinated MS & MS -> BTS

Max. received level at BTS1 = [MS power] - [coupling loss MS -> BTS1] + [Margin for other IMs] = -39.

B.2.3 Maximum level

B.2.3.1 Co-ordinated MS -> BTS

Max level at BTS = [MS power] - [coupling loss] = 42.
B.2.3.2 Co-ordinated BTS -> MS
Max level at MS = [BTS power] - [coupling loss] = -43.

Appendix 2: System Scenarios for Small Cell GSM900. 59 dB MCL

Near Coupling loss
BTS -> MS 59
MS -> BTS 59
MS -> MS 34,5
BTS -> BTS 25
Far Tx power (dBm) Rx Sensitivity (dBm)
BTS 38 -104
MS 39 -104
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BTS power control range 30
MS power control range 26
C/l margin 9
Multiple interferers margin 10
Transient margin 20
margin for other IMs 3

NOTE: All resultsarein dBm except for subclause 1.3 where the results are dB.

B.3.1 Transmitter

B.3.1.1 Modulation, Spurs and Noise

B.3.1.1.1 Co-ordinated, BTS -> MS

Max. Tx noise level in RX bandwidth = [BTS power] - [Pwr control range] - [C/l margin] - [Multiple interferers
margin] = -11.

B.3.1.1.2 Uncoordinated, BTS -> MS

Max Tx level of noisein Rx bandwidth = [MS sensitivity] - [C/l margin] - [multiple interferers margin] + [coupling
loss] = -64.

Max Tx level of spur in Rx bandwidth = [M S sensitivity] - [C/l margin] + [coupling loss] = -54.

B.3.1.1.3 Co-ordinated & Uncoordinated MS -> BTS
Max Tx level in Rx bandwidth = [BTS sensitivity] - [C/I margin] + [coupling loss] = -54.

B.3.1.14 Co-ordinated & Uncoordinated MS -> MS

Max Tx level in Rx bandwidth = [M S sengitivity] - [C/| margin] + [Coupling loss] = -78,5.

B.3.1.1.5 Co-ordinated & Uncoordinated BTS -> BTS

Max Tx level noisein Rx bandwidth = [BTS sensitivity] - [C/l margin] - [multiple interferers margin] + [coupling loss]
=-98.

B.3.1.2 Switching Transients

B.3.1.2.1 Uncoordinated MS -> BTS

Max peak level in effective Rx BW at MS = [Base sensitivity] - [C/l margin] + [coupling loss] + [Transient margin]
=-34

B.3.1.2.2 Uncoordinated BTS -> MS

Max peak level in effective Rx BW at BTS = [M S sensitivity] - [C/l margin] + [coupling loss] + [transient margin]
=-34.
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B.3.1.3 Intermodulation

B.3.1.3.1 Coordinated, BTS -> MS

Required IM attenuation in BTS = [C/I margin] + [BTS pwr control range] + [margin for other IMs] = 42.

B.3.1.3.2 Uncoordinated, BTS -> MS
Required IM attenuation in BTS = [BTS power] - {[Max allowed level at MS1] + [coupling lossBTS2 -> MS1]} = 95.

NOTE: [Max alowed level at MS1] = [MS sensitivity - C/I margin - margin for other IMs].

B.3.1.3.3 Uncoordinated, MS&MS -> BTS
Required IM attenuation in MS=[MS power] - {[Max alowed level at BTS2] + [coupling lossMS -> BTS2]} = 96.

NOTE: [Max alowed level at BTS2] = [BTS sensitivity - C/l margin - margin for other IMg].

B.3.1.34 Uncoordinated MS&MS -> MS
Required IM attenuation in MS=[MS power] - {[Max alowed level at MS3] + [coupling lossMS -> MS3]} = 120,5.
NOTE: [Max alowed level at MS3] = [MS sensitivity - C/l margin - margin for other IMg].

B.3.2 Receiver

B.3.2.1 Blocking

B.3.2.1.1 Co-ordinated & Uncoordinated BTS -> MS

Max level at MS receiver = [BTS power] + [multiple interferers margin] - [coupling loss] = -11.

B.3.2.1.2 Co-ordinated MS -> BTS

Max level at BTS receiver = [MS power] - [Power control range] - [coupling loss] = -46.

B.3.2.1.3 Uncoordinated MS -> BTS

Max level at BTS receiver = [MS power] - [coupling loss] = -20.

B.3.2.1.4 Co-ordinated & Uncoordinated MS -> MS

Max level at MSreceiver = [M S power] - [coupling loss] = 4,5.

B.3.2.1.5 Co-ordinated and Uncoordinated BTS -> BTS

Max level at BTSreceiver = [BTS power] + [multiple interferers margin] - [coupling loss] = 23.
B.3.2.2 Intermodulation

B.3.2.2.1 Co-ordinated & Uncoordinated BTS -> MS

Max received level at MS1 = [BTS power] - [coupling loss BTS2->MS1] + [margin for other IMs] = -18.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 71 ETSI TR 145 050 V14.0.0 (2017-04)

B.3.2.2.2 Co-ordinated MS & MS -> BTS

Max received level at BTS1 = [MS pwr] - [MS pwr control range] - [coupling lossM S -> BTS1] + [margin for other
IMg] =-43.

B.3.2.2.3 Uncoordinated MS & MS -> BTS

Max. received level at BTS1 = [MS power] - [coupling loss MS -> BTS1] + [Margin for other IMs] = -17.
B.3.2.3 Maximum level

B.3.2.3.1 Co-ordinated MS -> BTS

Max level at BTS = [MS power] - [coupling loss] = 20.

B.3.2.3.2 Co-ordinated BTS -> MS

Max level at MS = [BTS power] - [coupling loss] = -21.
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Annex C:
Microcell System Scenarios

ETSI STC SMG2 No.3 T Doc SMG2 63 /92
Ist- 4" September 1992

Strasbourg

Source: BTL (UK)

Subject: Microcell BTS RF Parameters

Background

Since the Ronneby meeting of SMG2 there have been a number of input papers concerning the specification of RP
parameters for amicrocell BTS. In particular T.Docs 184/91, 16/92, 28/92, 80/92, 86/92 and 90/92 from AT& T NSI,
MPC, BTL and Alcatel propose specific RF parameters. At the Turin SMG2 meeting it was agreed that the best way to
include amicrocell BTS specification into the GSM recommendations was as an annex to GSM 05.05 that would

specify:
- Transmit powers.
- Receive sengitivities.
- Wideband noise.
- Blocking.

It was also agreed that it would not be practical to specify asingle microcell BTS for all applications and that a number
of BTS classes would need to be specified. It was noted that this may require guidelines to be added to 03.30 to ensure
successful operation.

Scenario Requirements

In order to clarify the requirements for microcell BTS RF parameters we must first look at the scenario requirements. It
was agreed at the Amsterdam meeting that the 2 groups of scenarios were 'range' and 'close proximity' as shown in
figure 1.

Range:

The general requirements of the range scenario are that:
- Maximum BTS receive sensitivity is required for some applications.
- Theuplink and downlink paths should be capable of being balanced.

It has been agreed that the COST 231 propagation model will be used for microcell propagation when afine of sight
street canyon exist. This has been included in GSM 03.30 for guidance (T.Docs 88/92 and 93/92). In order to estimate
the maximum, worst case path |oss experienced by a microcell BTS we would also have to define.

Table 2: Close Proximity Parameters

GSM900 DCS1800
Minimum Coupling Loss (MCL) 44 dB 50 dB
Multiple Interferers Margin (MIM) 10dB 10dB
C/I margin 9dB 9 dB

Before we can calcul ate the scenario reguirements shown in figure 1 we must identify some further MS RF parameters
in addition to those in table 1.
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Table 3: Further MS RF Parameters

GSM900 (class 5) DCS1800 (class 1)
Most stringent blocking requirement -23 dBm -26 dBm
Wideband noise emission in 200 kHz -44 dB -48 dB

NOTE: Currently no specification for GSM900 M S wideband noise beyond 1,8 MHz offset and therefore figures
proposed at Aalborg meeting used (as shown in T.Doc 11 1/92).

The wideband noise figuresin table 3 have been adjusted by 3 dB since they are specified in a 100 kHz bandwidth in
GSM 05.05 but are required in areceiver bandwidth for the scenarios (200 kHz).

BTS Tx power

This requirement (as shown in figure 1) is the maximum microcell BTS transmit power that can be tolerated in order to
prevent M S blocking.

BTS Tx power = [MCL] ~ [blocking requirement].

GSM900 BTS Tx power = 44 + (-23) = 21 dBm.

DCS1800 BTS Tx power =50 + (-26) = 24 dBm.
BTSwideband noise

This requirement (as shown in figure 1) is the maximum microcell BTS wideband noise that can be tolerated in order to
prevent MS 'noise masking'. A signal lever IOdB above limit sensitivity is taken.

BT S wideband noise (in 100 kHz) = [signal lever] - [C/l margin] - [MIM] + [MCL] - [200 - 100 kHz BW
conversion].

GSM900 BTS wideband noise = (-92) - 9- 10 + 44 -3 = -70 dBm DCS1800 BT S wideband noise = (-90) - 9 - 10
+50-3=-62dBm.

- Non fine of sight propagation model.

Log normal fading margin.

Rician fading margin.

Corner attenuation.

Building penetration loss.

To find the range from this path loss we would have to define the link budget parameters such as antennae gains and
cable losses. It isthought to be impractical to define al these parameters as part of this work. However, if we substitute
some approximate numbers for the above parameters (such asthose in T.Doc 80/92) we can see that with -104 dBm
receive sensitivity at the microcell BTS worst case ranges could till be aslow as 200 m to 300 m.

In order to define relationships for path balancing we need only to identify the mobile RF parameters and any
differencesin the uplink and downlink paths (e.g. diversity). The assumptions made here are:

- Class5MSfor GSM900 and Class 1 MS for DCS1800.
- Same antennae used for transmit and receive at MS and BTS (therefore gain cancers).
- Nodiversity.

- Path balancing performed for maximum MS transmit power (to give absolute max. BTS transmit power
required).

The following M S RF parameters are used:
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Table 1: MS RF Parameter

MS Tx power MS Rx sensitivity
GSM900 29 dBm -102 dBm
DCS1800 30 dBm -100 dBm

For balanced paths the uplink max path loss must equal the downlink max path loss. In other words:
[MSTx power] + [-BTSRx seng] = [BTS Tx power] + [-MS Rx seng].

The following relationships can therefore be defined:
GSMO900 [BTS Tx power] + 73 = - [BTS Rx sensitivity].
DCS1800 [BTS Tx power] + 70 = - [BTS Rx sensitivity].

Close Proximity

At the Amsterdam microcell sub-group the Minimum Coupling Losses (MCL) for Microcell BTS to MS coupling were
agreed (T.Doc 41/92 Rev 1). Further work showed that these figures were very worst case and had alow probability of
occurring (T.Doc 90/92). The following parameters will be used in the close proximity scenarios.

BTSblocking

This requirement (as shown in Fig. 1) is the maximum signal lever that may be presented to amicrocell BTS from an
uncoordinated M S,

BTSblocking level =[MS Tx power] - [MCL].

GSM900 BTS hlocking level =29 - 44 = -15 dBm.

DCS1800 BTS blocking level = 30 - 50 = -20 dBm.
BTS Rx sensitivity

This requirement (as shown in figure 1) is the maximum receive sensitivity amicrocell BTS can have in order to
prevent 'noise masking' from an uncoordinated M S.

BTS Rx sensitivity = [wideband noise from MS] + [C/l margin] - [MCL].
GSM900 BTS Rx sensitivity =-44 + 9 - 44 = -79 dBm.
DCS1800 BTS Rx sensitivity = ~8 + 9 - 50 = -89 dBm.

Practical specification

So far, we have identified the requirements for the range and close proximity scenarios for a microcell BTS. We now
need to move towards a practical specification.

Microcell BTS Tx power and Rx sensitivity
If we study the scenario requirements for transmit power and receive sensitivity we find the following:

- The Rx sensitivities needed to satisfy the close proximity scenarios are much less those required for the range
scenarios.

- The Tx powers and Rx sensitivities from the close proximity scenarios lead to a 15 dB downlink bias for
GSM900 and a5 dB downlink bias for DCS1800.

In order to satisfy both the path balance relationships in the range scenario and the close proximity scenarios we can
either reduce the Tx power or reduce the Rx sensitivity even further. Since the Rx sensitivity iswell short of the range
requirements already we shall choose to balance paths by reducing Tx power. This gives the following Tx powers:

GSM900 BTS Tx power = (-79) + 73 = 6 dBm.
DCS1800 BTS Tx power = -(-89) + 70 = 19 dBm.
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However, if we want to specify microcell BTS classes with better Rx sensitivities than these (and hence higher Tx
powers) then the value for MCL has to be increased in order to ensure the close proximity scenarios are satisfied.
Popular Rx sensitivities to choose in order to optimise microcell BTS size and cost are -89 Bm and -95 dBm (from
SMG2 input papers). Since the limiting close proximity scenario is M S wideband noise masking the microcell BTS
receiver we must use this to determine the new MCL requirements as follows:

MCL = [wideband noise from MS] + [C/l margin] - [BTS Rx sensitivity].

Having clone this we can path balance to find the new Tx powers. These results are shown in table 4.

Table 4: New MCLs with balanced Rx sens and Tx powers

MCL Rx sens TX power
GSM900 44 dB -79.dBm 6 dBm
54 dB -89 dBm 16 dBm
60 dB -95 dBm 22 dBm
69 dB -104 dBm 31 dBm
DCS1800 50 dB -89 dBm 19 dBm
56 dB -95 dBm 25dBm
65 dB -104 dBm 34 dBm

Microcell blocting
It has been agreed that by reducing the Rx sensitivity we do not want to imply arelaxation in the blocking requirements

for the microcell BTS. Therefore the blocking values will ssmply be increased by the same amount as the Rx sensitivity
has decreased.

Table 5 Change in blocking requirement

Rx sens Change in blocking
values
GSM900 -79 dBm +25 dB
-89 dBm +15 dB
-95 dBm +9 dB
-104 dBm No change
DCS1800 -89 dBm +15 dB
-95 dBm +5 dB
-104 dBm No change

Microcell BTSwideband noise

The scenario requirement for wideband noise will obviously change with the MCL. The wideband noise specification
currently in GSM 05.05 is-80 dBc at greater than 6 MHz offsets. For low Tx power BT Ss a hoise floor of -57 dBm s
specified for DCS1800 and 45 dBm (>6 MHz) for GSM900. Table 6 shows the scenario regquirements for wideband
noise with the -80 dBc values (relative to the microcell. Tx power - not shown) and the current specification values
(i.e. either the -80 dBc or the noise floor value).

Table 6: Wideband noise requirements

MCL Scenario -80 dBc values| Current Spec
Requirement

GSM900 44 dB 70 dBm -74 dBm -45 dBm
54 dB -60 dBm -64 dBm -45 dBm
60 dB -54 dBm -58 dBm -45 dBm
69 dB -45 dBm -49 dBm -45 dBm

DCS1800 50 dB -62 dBm -61 dBm -57 dBm
56 dB -56 dBm -55 dBm -55 dBm
65 dB -47 dBm -46 dBm -46 dBm
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It can be seen that for DCS1800 the current specification satisfies the scenario requirements. However, for GSM900
thereisup to a25 dB discrepancy. A noise floor of -60dBm is proposed for GSM 900 which would change the
specification to -60 dBm, -60 dBm, -58 dBm and -49 dBm in the top right hand 4 boxes of table 6. This meetsthe
scenario requirement in three cases and exceeds it by 10 dB in one case.

Proposed changes to GSM recommendations

The following changes have been Proposed to GSM 05.05.

Table 7: Microcell BTS Classes

Microcell Tx power Rx sensitivity Blocking
BTS Class (dBm) (rel to current)
GSM900 1 31 -104 No change
2 22 -95 +9 dB
3 16 -89 +15dB
4 6 -79 +25 dB
DCS1800 1 34 -104 No change
2 25 -95 +9 dB
3 19 -89 +15 dB

Although the longer classes came from the original MCL figuresit is recommended that certainly the GSM900 Class 4
BTS be removed as not practical and possibly both Class 3 BTSs also. Thisis open for discussion.

We have aso shown that:

- The GSM900 M S wideband noise needs specifying to the band edge (as for DCS1800 M Ss) with values at |east
as good as those proposed in Aalborg.

- The wideband noise floor for GSM900 microcell BT Ss needsto be -60 dBm. No change is required for
DCS1800.

The following additions are proposed to GSM 03.30.

The recommended MCL values for the different microcell BTS classes should be included in GSM 03.30 for guidance
on installation. These MCL values are connector to connector values and therefore include antennage effects. The
following should be added.

Table 8: Recommended MCLs

Microcell BTS Class Recommended MCL
(dB)
69
60
54
44
65
56
50

GSM900

DCS1800

WIN [P |BRWIN|F-

Removing the GSM900 Class 4 BT S would eliminate the 44 dB MCL from the table. It can be seen that higher MCLs
are needed for GSM 900 than for DCS1800. This will tranglate into even larger separationsin the field due to the 6 dB
fall in path loss when moving from 1,8 GHz to 900 MHz The only way to restore this balance isto specify atighter MS
wideband noise specification for GSM 900 than that proposed in Aaborg.
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Microcell BTS Scenarios
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ETSI/STC SMG 2 T.doc.144/92
Strasbourg, 1-4 September 1992

Source: Mercury Personal Communications

Title: Comments and Proposals on Microcell RF Parameters

Having read the paper from BTL on this subject and as aresult of discussions with the author, the following additional
comments and proposals have been agreed with him.

1) uBTS classes can be defined to meet MCLsin 5 dB steps GSM {45, 50, 55, 60} DCS{50, 55, 60}. Thiswill aid
the cell planner and manufacturers in choosing appropriate equipment for a given ucell site. It isaso simpler.

2) Since DCS1800 r.f. parameters were defined using the scenarios approach used here for microcells, aDCSuUBTS
with a sensitivity of -104 dBm will be identical to a permitted normal BTS and there is therefore little point in
defining it.

3) Diversity ispossiblein ucells. | suggest we allow 3 dB for thisin the uBTS maximum power.

4) Parameters which affect the uBTS receiver should meet the MCL. Those which only affect the closest mobile
can missthe MCL by 10 dB. The Telia research measurements (SMG2 T.doc. 90/92) show that this 10 dB
trandates a 0,1% probability to 10% probability of interference.

5) uBTS blocking should exceed the MCL requirement by 10 dB.
a) Toalow for interfering signals from outside the system.
b) Because the consequences of the BTS being blocked are severe.
c) Toimprove the MCL performance with M Ss which exceed their noise spec.
Proposed Procedure for Defining the Parameters (Smilar to the BTL paper)
1) Choose UBTS sensitivity to match MS noise at MCL.
2) Choose uBTS power to balance links.

3) Set uBTS noise and blocking to be the same as for anormal BT S relative to the power and sengitivity
respectively.

4) Relax the uBTS noise and blocking where possible to the point where it just meets the MCL requirements.
Soread Sheets giving uUBTS RF Parameters (figures 1 to 3)

1) Microcell RF parameters proposed by BTL paper.

2) Parameters after stages 1-3 in the procedure above.

3) Proposed parameters after stages 1-4 above.

Thefinal proposals arein figure 3. Notice that the class 1 uBTS can be converted into a class 2 with the addition of 5
dB attenuators on transmit and receive paths.
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Baseline Normal Class 1 Class 2 Class 3 Cliss Normal Class1 Class 2 Class 3

GSM | DCS [|GSM |GSM | GSM | GSM |GSM|| DCS | DCS | DCS | DCS
C/ | 9 9 9 9 9 9 9 9 9 9 9
BTS MIM 10 10 10 10 10 10 10 10 10 10 10
MS Margin 10 10 10 10 10 10 10 10 10 10 10
BTS Div. Gain 0 0 0 0 0 0 0 0 0 0 0
MS Power 29 30 29 29 29 29 29 30 30 30 30
MS Noise -44 -48 44 | -44 | 44 | 44 | -44 -48 -48 -48 -48
MS Blocking -23 -26 -23 | -23 | -23 | -23 | -23 -26 -26 -26 -26
MS Sensitivity -102 | -100 || -102 | -102 | -102 | -102 (-102 (| -100 | -100 | -100 | -100
BTS Power 21 24 34 31 22 16 6 37 34 25 19
BTS Noise -67 -59 -49 -42 =51t -57 | -67 -46 -44 -53 -59
BTS Blocking -15 -20 -13 -13 -4 2 12 -25 -25 -16 -10
BTS Sensitivity -79 -89 -104 | -104 | -95 | -89 | -79 || -104 | -104 | -95 -89
Base MCL 44 50 69 69 60 54 44 65 65 56 50
Margins for MCLs (+ve = good);
MS Blocking 0 0 12 15 15 15 15 2 5 5 5
BTS Noise 0 0 7 0 0 0 0 2 0 0 0
BTS Blocking 0 0 27 27 27 27 27 10 10 10 10
MS Noise 0 0 0 0 0 0 0 0 0 0 0
D/L Bias 15 5 3 0 0 0 0 3 0 0 0
Max Loss 108 119 133 | 133 | 124 | 118 (108 || 134 | 134 | 125 | 119
MCL 44 50 69 69 60 54 | 44 65 65 56 50
Dyn Range 64 69 64 64 64 64 64 69 69 69 69

NOTE 1: See annex 1 for further information.

NOTE 2: Shaded boxes are changeable parameters.

NOTE 3: Max loss excludes any antenna gain / cable loss.

NOTE 4: Powers and sensitvities are specified at the antenna connector.
NOTE 5: Noise measured in 180 kHz.

Figure 1: Microcell RF Parameters as in BTL Paper
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Baseline  Normal Class Class Class Class Normal Class Class Class

1 2 3 4 1 2 3
GSM | DCS || GSM |GSM |GSM | GSM [GSM || DCS | DCS | DCS | DCS
C/ | 9 9 9 9 9 9 9 9 9 9 9
BTS MIM 10 10 10 10 10 10 10 10 10 10 10
MS Margin 10 10 10 10 10 10 10 10 10 10 10
BTS Div. Gain 3 3 3 3 3 3 3 3 3 3 3
MS Power 29 30 29 29 29 29 29 30 30 30 30
MS Noise -44 | -48 -44 -44 -44 -44 -44 -48 -48 | -48 -48
MS Blocking -23 -26 -23 -23 -23 -23 -23 -26 -26 | -26 -26
MS Sensitivity -102 | -100 -102 | -102 | -102 | -102 | -102 -100 | -100 | -100 | -100
BTS Power 21 24 34 25 20 15 10 37 32 27 22
BTS Noise -67 | -59 -49 -58 | -63 | -68 | -73 -46 -51 | -56 | -61
BTS Blocking -15 | -20 -13 -4 1 6 11 -25 -20 -15 -10
BTS Sensitivity -79 | -89 -104 | -95 [ -90 | -85 | -80 -104 | -99 | -94 | -89
Base MCL 44 50 69 60 55 50 45 65 60 55 50
Margins for MCLs (+ve = good);
MS Blocking 0 0 12 12 12 12 12 2 2 2 2
BTS Noise 0 0 7 7 7 7 7 2 2 2 2
BTS Blocking 0 0 27 27 27 27 27 10 10 10 10
MS Noise 0 0 0 0 0 0 0 0 0 0 0
D/L Bias 12 2 0 0 0 0 0 0 0 0 0
Max Loss 111 | 122 136 127 | 122 | 117 | 112 137 132 | 127 | 122
MCL 44 50 69 60 55 50 45 65 60 55 50
Dyn Range 67 72 67 67 67 67 67 72 72 72 72

NOTE 1: See annex 1 for further information.

NOTE 2: Shaded boxes are changeable parameters.

NOTE 3: Max loss excludes any antenna gain / cable loss.

NOTE 4: Powers and sensitvities are specified at the antenna connector.
NOTE 5 Noise measured in 180 kHz.

Figure 2: Microcell RF Parameters after Stages 1to 3
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Baseline NormalClass 1Class 2Class 3Class 4 NormalClass 1Class 2Class 3

GSM | DCS |[|GSM [GSM | GSM | GSM | GSM || DCS | DCS | DCS | DCS
C/ | 9 9 9 9 9 9 9 9 9 9 9
BTS MIM 10 10 10 10 10 10 10 10 10 10 10
MS Margin 10 10 10 10 10 10 10 10 10 10 10
BTS Div. Gain 3 3 3 3 3 3 3 3 3 3 3
MS Power 29 30 29 29 29 29 29 30 30 30 30
MS Noise -44 -48 -44 -44 -44 -44 -44 -48 -48 | -48 -48
MS Blocking -23 -26 -23 -23 -23 -23 -23 -26 -26 | -26 -26
MS Sensitivity -102 | -100 -102 | -102 | -102 | -102 | -102 || -100 | -100 | -100 | -100
BTS Power 21 24 34 25 20 15 10 37 32 27 22
BTS Noise -67 -59 -49 -51 -56 -61 -66 -46 -49 -54 -59
BTS Blocking -15 -20 -13 -21 -16 -11 -6 -25 -20 -15 -10
BTS Sensitivity -79 -89 -104 | -95 -90 -85 -80 -104 | -99 | -94 -89
Base MCL 44 50 69 60 55 50 45 65 60 55 50

Margins for MCLs (+ve = good);

MS Blocking 0 0 12 12 12 12 12 2 2 2 2
BTS Noise 0 0 7 0 0 0 0 2 0 0 0
BTS Blocking 0 0 27 10 10 10 10 10 10 10 10
MS Noise 0 0 0 0 0 0 0 0 0 0 0
D/L Bias 12 2 0 0 0 0 0 0 0 0 0
Max Loss 111 122 136 | 127 | 122 | 117 | 112 137 | 132 | 127 | 122
MCL 44 50 69 60 55 50 45 65 60 55 50
Dyn Range 67 72 67 67 67 67 67 72 72 72 72

NOTE 1: See annex 1 for further information.

NOTE 2: Shaded boxes are changeable parameters.

NOTE 3: Max loss excludes any antenna gain / cable loss.

NOTE 4: Powers and sensitvities are specified at the antenna connector.
NOTE 5: Noise measured in 180 kHz.

Figure 3: Microcell RF Parameters after Stages 1to 4
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Annex 1:
Microcell RF Parameters Abbreviations

P = Power (dBm)

N = Noise floor in Rx bandwidth (dBm) (>6 MHZz)

B = Blocking level (dBm) (>3 MHz)

S = Reference sensitivity (dBm)

MIM = Multiple interferers margin from BTS (dB)

ETSI TR 145 050 V14.0.0 (2017-04)

MSM = MS margin (dB) amount by which MS can fail the scenarios, cf base station

MCL = Minimum coupling loss (dB) between antenna connectors (proximity)

Max. loss = Maximum coupling loss (dB) between antenna connectors (range excluding antennas and cables)

C/l = Reference co-channel interference ratio, assumed to equal interference margin below sensitivity

Equations for Deriving Minimum uBTS specifications from those of the MS such that a given MCL is guaranteed

PeTs =MCL +Bpg- MIM + MSM
NgTs=MCL + (Syg+MSM - C/l) - MIM
BeTs=Pwms-MCL

SgTs=Nms MCL + CJi

UBTS Performance Equations
[Downlink bias] = PgT5- Ss- (Pms-SgTs + [Diversity Gain])
[Max. losg] = min ( PgT5-Sys Pums- SgTs + [Diversity Gain])
MCL = max ( PgTg+ MIM - B)y5- MSM,
NgTs+ MIM - (Sg+MSM - C/l),
Pvs-BgTs
Nms-SgTs+ Cll)

[Dyn. Range] = [Max. loss] - MCL
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ETSI/STC SMG2 Ad Hoc T.doc 4/92
Bristol, 3-4 November 1992
Source: The Technology Partnership (UK)
Title: REVISED PROPOSALSFOR MICROCELL RF PARAMETERS
The present document is an update to SMG2 T.doc 144/92 presented in Strasbourg to include;
1) the new proposed GSM MS noise figures (note).

2) the method of interpreting GSM 05.05 subclause 4.2.1 agreed at the SMG2 ad hoc in Ma mesbury (a2 dB
correction).

The table bel ow shows the cal cul ation of the noise floor.

MS power 4.2.1table at frequency level in level in

entry offset 100 kHz 180 kHz

GSM 29 dBm -71dB 1,8 MHz -50 dBm -43 dBm
DCS 30 dBm -75dB 6 MHz -53 dBm -50 dBm

The conversion factor of total MS power to that measured in 30 kHz on carrier is taken to be 8 dB rather than the 6 dB
assumed for phase 1 DCS1800.

The revised proposals are shown in figure 1 and are otherwise calculated in the same manner as described in SMG2
T.doc 144/92. Since the MS noise was the limiting factor in close proximity performance, the change leadsto a
significant improvement in the overall system especially for microcells.

NOTE: Thefigures proposed in Strasbourg were:
MS power 4.2.1 table entry > 1,8 MHz
> 43 dBm -81 dB
41 dBm -79 dB
<33 dBm 71 dB
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Baseline NormalClass 1Class 2Class 3Class 4 NormalClass 1Class 2Class 3

GSM | DCS |[|GSM |GSM | GSM | GSM | GSM || DCS | DCS | DCS | bCS
C/ | 9 9 9 9 9 9 9 9 9 9 9
BTS MIM 10 10 10 10 10 10 10 10 10 10 10
MS Margin 10 10 10 10 10 10 10 10 10 10 10
BTS Div. Gain 3 3 3 3 3 3 3 3 3 3 3
MS Power 29 30 29 29 29 29 29 30 30 30 30
MS Noise -47 -50 -47 -47 -47 -47 -47 -50 -50 | -50 -50
MS Blocking -23 -26 -23 -23 -23 -23 -23 -26 -26 | -26 -26
MS Sensitivity -102 | -100 -102 | -102 | -102 | -102 | -102 || -100 | -100 | -100 | -100
BTS Power 21 24 34 28 23 18 13 37 34 29 24
BTS Noise -67 -59 -49 -51 -56 -61 -66 -46 -49 -54 -59
BTS Blocking -15 -20 -13 -21 -16 -11 -6 -25 -20 -15 -10
BTS Sensitivity -82 -89 -104 | -98 -93 -88 -83 -104 | -101 | -96 -91
Base MCL 44 50 69 60 55 50 45 65 60 55 50
Margins for MCLs (+ve = good);
MS Blocking 0 0 12 9 9 9 9 2 0 0 0
BTS Noise 0 0 7 0 0 0 0 2 0 0 0
BTS Blocking 0 0 27 10 10 10 10 10 10 10 10
MS Noise 0 2 3 0 0 0 0 2 0 0 0
D/L Bias 9 2 0 0 0 0 0 0 0 0 0
Max Loss 114 122 136 | 130 | 125 | 120 | 115 137 | 134 | 129 | 124
MCL 44 50 66 60 55 50 45 63 60 55 50
Dyn Range 70 72 70 70 70 70 70 74 74 74 74

NOTE 1: Shaded boxes are changeable parameters.

NOTE 2: Max loss excludes any antenna gain / cable loss.

NOTE 3: Powers and sensitvities are specified at the antenna connector.

NOTE 4: Noise measured in 180 kHz.

NOTE 5: -71 dB used for class 5 MS but is going to be -67 dB, i.e. raises 4 dB higher.

Figure 1. Microcell RF Parameters with proposed GSM MS noise
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Annex D:
Conversion factors

REPORT OF AD HOC MEETING ON RF PARAMETERS

The aim of the meeting was to define BTS transmitter requirements that are consistent with each other (TD 42/92), the
following are the specifications that were discussed:

- Modulation Mask.
- Switching Transients.
- Spurious Emissions.
- Intermodulation.
The following plan was agreed:
1. Agree normalised measurement conversion numbers.
2. Define the modulation mask based upon scenario requirements and what is practically feasible.

3. Define new specifications that provide consistent requirements and propose these changes at the next SMG2
meeting in May.

SCENARIO REQUIREMENTS

MPC presented TD 46/92 that described the scenario reguirements for DCS1800 which are derived from GSM TDs
60/91 and 61/91. The following principles are contained in TD 46/92:

A) Specifications should satisfy the requirements of the system scenarios unless evidence is presented that they are
not practical.

B) Since all specifications must be met, only the most stringent isimportant.

C) Sofar aspossible, atest should be the tightest constraint on what it isintended to measure. for example, the 4.2.1
test on modulation and noise should be the toughest requirement on these quantities.

The document proposes a change to the modulation mask at 1.8MHz offset to align with the spurious test. It was also
stated that the intra-intermodul ation requirement at 1.8MHz offset from carrier is tighter than the modulation test,

TD 46/92 proposed that the test be modified to say that if the test failed, al carriers but the nearest one be switched off.
If the measured level remains the same then the failure can be attributed to modulation and can be ignored. TD 46/92
also proposed atightening of the modulation requirement at 6MHz offset to comply with the scenario requirement.
There was much discussion on this subject and the values used in the scenario were questioned particularly the
Minimum Coupling Loss (MCL) and the M S threshold level. It was stated by Motorolathat -65 dB appears to be too
stringent for MCL. AT&T stated that it was unusual to design coverageor reference sensitivity at the cell boundary.
AEG questioned the statistical reasoning behind atightening of the specification for modulation. It was generally agreed
that the more important scenario was with the BT S as the victim and not the M S as the victim.

Vodafone presented TD 52/92 that covered the system scenarios for GSM900, the MCL that was used for GSM 900 was
59 dB. In conclusion it was recommended to try to improve limitsif at all possible.
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NORMALISATION OF CONVERSION NUMBERS

The TDs presented were 47, 48, 49, 50, 51, 53, 54 and 55/92. It was decided to discuss TD 47/92 at the next SMG2
meeting. TD 48/92 (AT&T) was an updated version of TD 42/92 including the normalisation numbers agreed at the
Amsterdam meeting of SMG2. TD 49/92 (CSELT) illustrates the differences between peak and average in a 30 kHz
bandwidth at different offsets using three different commercia spectrum analysers. A bandwidth of 300 kHz is also
used but due to the low offset from carrier it was commented that a resolution bandwidth of 300 kHz wastoo large to be
accurate. TD 50/92 (France Telecom) presented information on scaling factors to be used in the normalisation process.
From the plots provided in TD 50/92 evidently below 1,8 MHz offset the resolution bandwidth has to be set to less than
or equal to 30kHz for an accurate representation of the signal. TD 51/92 (V odafone) shows that an additional allowance
needs to be considered depending on the effect of a particular kind of interference. The example shown is that switching
transients have an effect that is 20dB less than continuous interference, therefore, arelaxation of modulation to alow
consistency would have more of an effect than a relaxation of switching transients. TD 53/92 (Cellnet) investigates the
propositions outlined in TD 42/92 using practical measurements. The paper supports al the propositions of TD 42/92
apart fromone. TD 42/92 wasin error in the description of the bandwidth used for the average to peak conversion, this
error had been corrected in TD 48/92. TD 54/92 (BTL) describes normalisation parameters derived from measurement
and states that the following measurements are equal to or below the modulation mask; GSM 900 switching transients
beyond 1 200 kHz to 1 800 kHz, all in-band spurious values and I ntermodulation products less than 6 MHz are masked
by the modulation. TD 55/92 (Motorola) presents measured values of modulation at various offsets, using an average
30 kHz bandwidth. Peak measurements using 30 kHz, 100 kHz and 300 kHz bandwidths at various offsets are also
presented. The conversion factors are then measured at varying offsets. On the basis of the conversion tablesin

TD 55/92 it was stated that a 100kHz resolution bandwidth is only meaningful at offsets greater than 1,2 MHz and a
300 kHz bandwidth is only meaningful at offsets greater than 6MHz. This corresponds with the plotsin TD 50/92.

To derive the conversion numbers to be used in the normalisation process a comparison of all the numbers presented to
the meeting was discussed.

It was agreed that the conversion process would be combined into three distinct steps, these steps are:
1. Averagein a30kHz BW to peak in a 30 kHz BW. All offsets.
2. Averageinal00kHz BW to peak in a 30 kHz BW. Offsets greater than or equal to 1,8 MHz.
3. Peak in a 300kHz bandwidth to peak in a 30 kHz bandwidth. Offsets greater than or equal to 6 MHz.

During the meeting it was decided that a clarification of the definition of peak hold is required in GSM 05.05 clause 4.
MPC prepared a CR that stated what had been decided at the meeting. However, there was no time to discuss the CR
and it will be presented at the next SMG2 plenary.

Difference between peak power and average (30 kHz BW) zer o offset

AT&T 8.0
CSELT 75
Cellnet 8.2
France Telecom 7.4
BTL 8.0
Motorola 7.3
Average 7.7

A value of 8 dB was agreed.
Averageto Peak in a 30 kHz bandwidth.
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Org. 0 kHz 400 kHz 600 kHz 1200 kHz 1 800 kHz 6 MHz
AT&T 8 dB 9dB
FT 6,2 dB
CSELT 7,3 dB 10,1 dB 9,9 dB 10,1 dB
BTL 9 dB
Motorola 7 dB 8,5dB 8,3dB 10 dB 9,4 dB 8,6 dB
Average 7,5 dB 9,2 dB 9,1 dB 10 dB 9,4 dB 8,6 dB

The agreed conversion factors are 8 dB at zero offset and 9 dB at all other offsets.
Averagein a 100 kHz bandwidth to Peak in a 30 kHz bandwidth.

It was agreed that the conversion factor should be 5 dB at offsets above 1 800 kHz.
Peak in a 300 kHz bandwidth to Peak in a 30 kHz bandwidth.

No agreement was reached on this value so the working assumption as agreed at SM G2 was assumed pending any
further validation. The conversion factor is 8 dB at offsets greater than or equal to 6 MHz.

MODULATION MASK

It was agreed that the title for subclause 4.2.1 should be changed to 'Spectrum due to the Modulation and Wide band
Noise'.

In accordance with TD 46/92 (MPC) the modulation mask was tightened at 1 800kHz offset to align with the spurious
requirement for DCS1800.

BTS power (dBm) <33 35 37 39 41 > 43
Table entry in 4.2.1 (dB) -65 -67 -69 -71 -73 -75
Thiswas also agreed for GSM900.

It was al so agreed to define the modulation mask beyond 1 800 kHz for GSM900 and the val ue specified would be the
same as the present DCS1800 requirements.

To account for lower GSM900 power levels an additional note will be added to 4.2.1.:

vi) For GSM900 BTS, if the limit according to the above table between 1 800 kHz to 6 MHz isbelow -40 dBm, a
value of:

- -40 dBm shall be used instead. If the limit above 6 MHz is below.
- -45dBm, avaue of -45 dBm shall be used instead.

It was noted that this additional note for GSM 900 was based upon an alignment with the spurious requirement and the
scenario requirement was not discussed.
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ETSI/SMG2 Tdoc 287/92
The Hague
15-18 December 1992
Source: SMG2
Title: Agreed SMG2 Conversion Factors
Maximum peak power to average power in a 30 kHz bandwidth on carrier:
- A conversion factor of -8 dB was agreed.
Average to Peak power in a 30 kHz bandwidth:;
- Theagreed conversion factors are +8 dB at zero offset and +9 dB at al other offsets.
Average in a 100 kHz bandwidth to Peak in a 30 kHz bandwidth:
- It was agreed that the conversion factor shall be +5 dB at offsets above 1 800 kHz from carrier.
Peak in a 300 kHz bandwidth to Peak in a 30 kHz bandwidth:

- No agreement was reached on this val ue so the working assumption as agreed at SM G2 was assumed pending
any further validation. The conversion factor is -8 dB at offsets greater than or equal to 6 MHz.

Bandwidth conversion from 100 kHz to 300 kHz:

- Thiswas not discussed but a working assumption of +5 dB can be assumed at greater than 1.8 MHz offset from
carrier.

EXAMPLE: To calculate the absolute level of wideband noise for a GSM900 BTS at greater than or equal to
1,8 MHz offset for BTS power greater than or equal to +43 dBm measured in a 300 kHz
bandwidth.

The specification is-75 dB (100 kHz bandwidth) relative to an average measurement in a 30 kHz
bandwidth at zero offset.

Therefore, the difference between peak power and average (30 kHz bandwidth) at zero offset
=+8dB.

Therefore, the absolute level = BTS power(+43 dBm) - 8 - 75
=-40 dBm (100 kHz).
= -35 dBm (300 kHz).

The above conversion factors can a so be used to compare al transmitter parameters using a normalised peak
measurement in a 30 kHz bandwidth.
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Annex E:

Repeater Scenarios

ETSI SMG2 ad-hoc ~ Tdoc. 24/94
Rome, 8 March 1994

Titlee REPEATER SCENARIOS FOR DCS1800

Source: Mercury One-2-One

E.1 INTRODUCTION

Repeaters represent arelatively low cost means of enhancing a network's coverage in certain locations. Their behaviour
is fundamentally different to BTS'sin that their output power levels are input level dependent. The RF requirements for
these repeater should therefore not be automatically derived from existing BTS specifications, but rather should be
derived from realistic scenarios, with due attention paid to what is feasible and economically reasonable to implement.

E.2 REPEATER APPLICATIONS - OUTDOOR AND
INDOOR

Mercury One_2_One considers that most repeater applications fall into two types. outdoor and indoor.

In outdoor applications thereis normally a need to cover alimited outdoor area into which propagation from existing
cell sitesisrestricted due to terrain or other shadowing effects. Minimum coupling losses from the repeater to nearby
MSs are similar to those for existing BTSs (65 dB), and the required gain to provide a reasonable area of effective
enhancement is of the order of 70 dB.

Indoor applications are characterised by smaller minimum coupling losses (45 dB), and in order to avoid very high
output powers towards the BTS as aresult of close-by M Ss, the gain of such indoor repeatersis smaller and of the order
of 40 dB.

Both of these applications will be considered in more detail in the following subclauses.

E.3 OUTDOOR REPEATER SCENARIO

Figure 3 illustrates atypical outdoor repeater scenario.

+39 dBm -61 dBm +9 dBm -66 dBm -98 dBm
100 dB 65 dB 107 dB
BTS <> Repeater
70 dB
MS MS
-85 dBm +15 dBm -55 dBm +10 dBm
-107 dBm -7 dBm -77 dBm +30 dBm

Figure 3: Outdoor Repeater Scenario
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The repeater istypically located close to an area of marginal coverage (-95 dBm average signal strength at "ground
level). By placing a directional antenna (20 dBi) on atower (15 dB gain from extra height and shadowing avoidance),
the received signal strength can be increased around -60 dBm, equivalent to atypical pattern loss between BTS and
repeater antenna connectors of 100 dB. A variation of 10 dB either side of this figure is assumed to provide flexibility to
deal with local site variations.

The minimum coupling loss between the MS and the repeater is assumed to be 65 dB, the same as a normal DCS1800
BTS.

Two cases for differing mobile locations with respect to the repeater are shown in figure 3: an MS near to the repeater at
the MCL values, and an M S at the edge of the repeater coverage area. A diversity gain of; 3 dB isassumed. The
dynamic range of the repeater is seen to be 42 dB.

E4 OUTDOOR REPEATER PERFORMANCE
Requirements

In this clause we consider the performance requirements for the outdoor repeater scenario.

E.4.1 Wideband Noise

The wideband noise requirement can be split into two separate case for inside and outside of the repeaters gain
bandwidth.

Within the gain bandwidth, a co-ordinated scenario is applicable, whereby the noise should be an interference margin
below the minimum signal likely be output by the repeater. For the downlink, the permitted in-repeater-band noise lever
istherefore given by the following:

In-repeater-band Noise Level < Output Power -C/I - BTS Power_Control_Range
(in 180 Hz) <+9-9-30
<-30dBm

The wideband noise level out of the repeaters gain bandwidth is a more serious problem and can desentise
uncoordinated M Ss belonging to other operators. The required level to prevent desensitisation is given by:

Out-of-rep.-band Noiselevel < MS Sensitivity - C/l +MCL
<-100-9+65
<-44 dBm

Note that, as compared to the BTS wideband noise calculations, there is no multiple interferer margin in the above
calculation, as asingle repeater can serve many carriers. Assuming no post amplification filtering is employed, this
level is equivalent to anoise figure of 7 dB.

It is proposed that this value becomes applicable 400 kHz away from the bandedge of the repeater.

For the uplink direction, the in-repeater band noise level must be such asto not desensitise the BTS at the minimum
path loss between repeater and BTS. The level istherefore given by:

In-repeater-band Noiselever < BTS Senstivity - C/l + Min. BTS _Rep._Path L oss
<104-9+90
<-23dBm

For the out-of-band noise requirement, it is proposed that the same lever of -44 dBm as calculated for the downlink is
adopted. Thiswill protect desensitisation of uncoordinated BTSs with path losses of greater than +69 dB.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 91 ETSI TR 145 050 V14.0.0 (2017-04)

E.4.2 Intermodulation Products and Spurious Emissions

From a scenario perspective, the lever of downlink spurious emissions and intermodulation products that might cause
desensitisation of uncoordinated MSsisthe same level as for wideband noise, i.e. -44 dBm. However, for normal BTSs,
since spurious emissions and intermodulation products are limited in frequency extent and would be difficult to reduce,
the maximum level was relaxed for BT Ssto -36 dBm. It is proposed that the same -36 dBm limit should apply to
outdoor repeaters.

For intermodulation products in the downlink direction, if we take the minimum BTS to repeater path loss of 90 dB, for
the resultant output power of +19 dBm in the downlink direction, we can calculate the required third order intercept
point (TOI) for intermodulation products falling within the downlink transmit band:

TOI > (1,5 x Output Power) - (0,5 x Intermodulation Product Power)
>(1,5x19) - (0,5 x -36)
> +47,5dBm

For broadband repeaters with duplexorsin which it is possible for intermodulation products generated in the downlink
direction to fall into the uplink; repeater pass band, additional protection is required. The intermodulation product at the
MS end of the repeater should at least 9 dB less than the minimum input levels for M Ss at the edge of coverage served
by that repeater (-86 dBm in scenario considered, and -96 dBm for scenario with 90 dB BTS to repeater path |0ss).

In the uplink direction, the output power of the repeater when the M S at the MCL distance is+15 dBm. The required
third order intercept point is therefore given by:

TOI > (Output Power) - (0,5 x Intermodulation Product Power)
>(1,5x 15) - (0,5 x -36)
> +40,5dBm

It should be noted that the above maximum uplink output of +15 dBm only appliesto powered-down M Ss. At the start
of acall the MS will be at higher power and this may cause a higher temporary intermodulation product if two mobiles
at the start of calls are both transmitting in the same timedlot. It is recommended that this unlikely transient scenario is
ignored.

E.4.3 Output Power

In the downlink direction, the maximum single carrier output power of +19 dBm with a BTS to repeater path loss of
90 dB needs to multiplied by afactor to alow for the amplification of multiple carriers. If we assume 10 carriers, this
gives a maximum output power of the repeater, as determined by the 1 dB compression point, of +29 dBm.

In the uplink direction, it isimportant that the repeater does not seriously distort the initial access bursts transmitted at
full power by anearby mobile. Therequired 1 dB compression point for correct amplification of such burstsistherefore
+35dB.

E.4.4 Blocking by Uncoordinated BTS

The bandedge filtering should provide adequate rejection of other operators frequencies to ensure that the output power
and intermodulation product requirements specified in subclauses 4.2 and 4.3 are not exceeded if the repeater is placed
closeto aBTS of adifferent operator.

In order to ensure this the limit to the gain for the operators channelsis given by:
Gainin other operator'sband < Max repeater output - BTS Output Power +Min_BTS Rep_ Path Loss
<19-39+69
<49dB

This represents arejection of 21 dB compared to the repeaters in-band gain.
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E.4.5 Summary of Outdoor Repeater Requirements

Table 4.4 summarises the outdoor repeater requirements.

Table 4.4: Outdoor Repeater Requirements

Downlink Uplink
Gain 70 dB 70 dB
Noise Level -30 dBm (in-repeater-band) -23 dBm (in-repeater-band)
-44 dBm (out-of-rep.-band) -44 dBm (out-of-rep.-band)
Spurious -36 dBm -36 dBm
Third Order Intercept +47,5 dBm +40,5 dBm
1 dB Compression Point 29 dBm +35 dBm

E.5 INDOOR REPEATER SCENARIO

Figure 5 illustrates atypical indoor repeater scenario.

+39 dBm -66 dBm -26 dBm -56 dBm -98 dBm
105 dB 40 dB 72 dB
BTS D — Repeater
Range: 85 - 110 dB 40 dB
MS MS
-95 dBm +10 dBm -30 dBm +10 dBm
-107 dBm -2 dBm -42 dBm +30 dBm

Figure 5: Indoor Repeater Scenario

The repeater istypically located in an area of marginal outdoor coverage (-95 dBm average signal strength at ground
level) where in-building coverage cannot be achieved. By placing a directional antenna (20 dBi) on the roof of the
building (10 dB gain from extra height and shadowing avoidance), the received signal strength can be increased to
around -65 dBm, equivalent to atypical path loss between BTS and repeater antenna connectors of 105 dB. A variation
of +5, -20 dB either side of thisfigureisto provide flexibility to deal with local site variations.

The minimum coupling loss between the MS and the repeater is assumed to be 40 dB, equivalent to afree space
distance of 1.33 m.

It should be noted that with the -105 dB path |oss between the BTS and repeater, the receive level at the BTS

is-95 dBm, assuming the MS s fully powered clown and at the MCL distance. Thiswill be close to the minimum BTS
signal level threshold required for powering clown the mobile. Therefore, for BTS to repeater path losses of more than
105 dB, the MS may not get fully powered _down when at the MCL distance.

E.6 INDOOR REPEATER PERFORMANCE
REQUIREMENTS

E.6.1 Wideband Noise

For the downlink, using the same calculation as in subclause 4.1, the maximum wideband noise levels are:

In-repeater-band Noise Level < Output Power -C/I - BTS Power Control Range
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(in 180 kHz) <-26-9-30
<-65dBm

Out-of-rep.-band Noiselevel < MS Sensitivity - C/l + MCL
<-100- 9+ 40
<-69dBm

Assuming no post amplification filtering is employed, the out-of-repeater-band level is equivalent to a noise figure of
12 dB, which is readily achievable.

For the uplinlink, the in-repeater maximum noise lever is given by:
In-repeater-band Noiselever < BTS_Sendtivity - C/l + Min._ BTS Rep. Path_Loss
<-104-9+85
<-28dBm

For the uplink out-of-band noise requirement it is proposed that the same lever of -44 dBm is adopted as in the outdoor
repeater case. Thiswill protect desensitisation of uncoordinated BT Ss with path losses of greater than +69 dBm.

E.6.2 Intermodulation Products and Spurious Emissions

In the downlink direction, itsis proposed to reduce the permissible spurious and intermodulation product levels by
25 dB, from -36 to -61 dBm because of the reduced MCL.

For the intermodulation product with an output lever of -6 dBm (for BT S to repeater path loss of 85 dB), this equates to
athird order intercept point of:

TOl > (1,5 x Output Power) - (0,5 x Intermodulation Product Power)
>(1,5x-6) - (0,5 x -61)
>+21,5dBm

For the uplink to minimise costs of the indoor repeater amplifiers, it is proposed that the CEPT input of -30 dBm should
apply to interrnodulation products, rather than the -36 dBm GSM figure. Thisisjustified on the basis that the much
smaller coverage area of the indoor enhancer will make it unlikely for two M Ss close to the enhancer to be using the
sametimedlot at the same time.

In calculating the third order intercept point requirement for intermodulation products the uplink repester output lever in
figure 5isincreased by 5 dB in order to cover the case where the MSis not fully powered down. The third order
intercept point therefore becomes:

TOI > (1,5 x Output Power) - (0,5 x Intermodulation Product Power)
>(1,5x 15) - (0,5x-30)
>+37,5dBm

E.6.3 Output Power

In the downlink direction, allowing for ten carrier each at an output power of -6 dB (value for BTS to repeater path loss
of 95 dB), the maximum output power, as determined the 1 dB compression point is+4 dBm.

In the uplink direction, asin the case of the outdoor repeater, it isimportant that the repeater does not serioudly distort
the initial access bursts transmitted at full power by anearby MS. The required 1 dB compression point for correct
amplification of such burstsis +30 dB.
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E.6.4 Blocking by Uncoordinated BTS

The bandedge filtering should provide adequate rejection of other operators frequencies to ensure that the output power
and intermodulation product requirements specified in subclauses 6.2 and 6.3 are not exceeded if the repeater is placed
closeto aBTS of adifferent operator.

In order to ensure this the limit to the gain for the operators charnelsis given by:
Gainin other operator'sband < Max repeater output - BTS Output Power + Min_BTS Rep._Path _Loss
<-6-39+69
<24dB

This represents arejection of 16 dB compared to the repeater's in-band gain. From a scenario perspective, this could be
relaxed if higher downlink; output powers and TOI were implemented.

E.6.5 Summary of Indoor Repeater Requirements

Table 6.4: Indoor Repeater Requirements

Downlink Uplink
Gain 40 dB 40 dB
Noise level (in 180 kHz) -65 dBm (in-repeater-band) -18 dBm (in-repeater-band)
-69 dBm (out -of-rep.-band) -44 dBm (out-of-rep.-band)
Spurious -61 dBm -30 dBm
Third Order Intercept +21.5 dBm +37.5 dBm
1 dB Compression point +4 dBm +30 dBm
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ETSI SMG2 (Ad hoc meeting - Repeaters), Tdoc SMG2 25/94
Meeting 1/94,
Rome,I TALY.

E.7 Title: Repeater Scenarios

Source: Vodafone
Date: 8 March 1994

E.7.1 Introduction

Tdoc SMG2 274/93 presented to the Madrid meeting introduced the concept of repeaters for use in rural and urban
applications and the idea of shared repeaters through coordination between operators

This paper analyses the parameters affecting the performance of repeaters and the necessary constraints on the repeater
device. Basic equations governing their performance are derived and applied to different repeater scenarios. This results
in adraft specification for repeater devices and a number of planning rules that should be considered when installing
repeaters.

E.7.2 Repeater performance

In this section the basic equations defining the operation of a repeater are derived. The situation wheretwo BTS, A and
B (which may belong to different operators) arein the vicinity of arepeater isillustrated in figure 1. CL1 represents the
BTS to repeater coupling loss and CL2 the M S to repeater coupling loss (terminal to terminal).

BTSx MSa

Repeater

BTSe | CL1g Al

Figure 1

In the analysis, the following are assumed:
- Equal gain, G, isused in the uplink; and downlink; paths to maintain balance.

- Therepeater complies with the CEPT requirements for spurious and IM3.

E.7.2.1 Link Equations

Consider the case for BT Sa. Assume that MSa is power controlled through the repeater and a noise free system. Given a
scenario requirement for the minimum M Sa to repeater coupling loss, CL24 min, and BT S, to repeater coupling loss,
CL1a, in the uplink direction:

[MSa_TXpwr_min] - [CL2amin] + [G] - [CL1a] = [BTSa_RXlev_max] Eq. 1
=> G =[BTSa_RXlev_max] - [MSa_TXpwr_min] + [CL1] + [CL2min]
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Where MSa_TXpwr_min isthe minimum transmit power for MSa G the repeater gain and BTSa_RXlev_max, the
maximum allowed receive level at the BTS before MS power control is applied. At the maximum coupling loss between
MSa and repeater, CL2amax:

[MSa_TXpwr_max] - [CL2amax] + [G] - [CL14a] = [BTSa_sensitivity]

where MSa_TXpwr_max is the maximum MS transmit power for MSa and BT Sa_sensitivity, the reference sensitivity
level for BTSa. The operating dynamic range for MSa is:

[CL2amax] - [CL2amin] = [MSa_TXpwr_max] - [MSa_TXpwr_min] -
[BTSa_sensitivity] + [BTSa_RXlev_max] Eq. 2
and the repeater output powers in the uplink; and downlink; directions given by the equations:
Uplink operating power = [MSa_TXpwr_min] - [CL2aminl + [G]
Max. uplink RACH power = [MSa_TXpwr_max] - [CL2amin] + [G]
Downlink operating power = [BTSa_TXpwr] - [CL14] + [G]

E.7.2.2 Co-ordinated Scenario

In the co-ordinated scenario, Mg is also power controlled by BT Sg through the repeater. A similar analysisfor BT Sg,
leads to the following equations for the minimum MS transmit power, operating dynamic range and repeater output
powers:

[MSs_TXpwr_min] - [CL2gmin]+[G] - [CL1B] = [BTSs_RXlev_max] Eq. 3
[CL2smax] - ICL2gmin] = [MSB_TXpwr_max] - [MSB_TXpwr_min] -
[BTg_sensitivity] + [BTSs_RXlev_max] Eq. 4
Uplink operating power = [MSg_TXpwr_min] - ECL2gmin] + [G]
Max uplink; RACH power = [MSg_TXpwr_max] - [CL2smin] + [G]
Downlink operating power = [BTSs_TXpwr] - [CL1g] + [G]
If the following assumptions are made:
MSa TXpwr_max - MSg_TXpwr_max
CL2amin = CL2gmin, and
BTSa_sensitivity = BTSg_sensitivity

Then, subtracting Equation 4 from Equation 2, and using equations 1 and 3 to eliminate the minimum M S transmit
powers leads to the difference in operating dynamic range between the two systems:

[CL2amax] - ICL2amin] - ([CL2gmax] - [CL2smin]) = CL1g - CL1a

It can be seen that both BTSa and BT Sg, must be equally coupled into the repeater if the operating dynamic rangeisto
be optimised for both donor BTS.

In the co-ordinated scenario the repeater would be configured to operate across the whole of the GSM band.
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E.7.2.3 Uncoordinated Scenario

In the uncoordinated scenario, M Sg will not be power controlled through the repeater. Thisisonly trueif the
BTS-repeater-M S path loss is greater than the direct BTS-M S path loss.

It isimportant that the repeater wideband noise (see subclause 2.4) does not desense an uncoordinated M S. The repeater
gain to uncoordinated signals also needs to be controlled, which will require filtering within the repeater device. At the
minimum coupling loss, the level of enhanced signal/WBN for an uncoordinated M S should be at least 9 dB lower than
the uncoordinated wanted signal level.

E.7.2.4 Wideband Noise

Noise considerations are likely to limit the maximum useable gain of the repeater. Considering thermal noise, in the
GSM receiver bandwidth (assuming a bandwidth in kHz), the noise output of a repeater with noise figure NF and gain
G is described by the equation:

Noise output in GSM Rx BW = -144 + 10*log(RX_BW) + G + NF

For low CL2min and high gains, the wideband noise generated by the MS may be amplified by the repeater to a
significant level. To prevent degradation of the BTS receivers, the repeater gain will be limited to the minimum value of
G or G; calculated from the following equations:

G = [BTS senditivity] - [C/l margin] - [MSWBN in Rxr BW] + [CL2min] + [CL1]
G, = [BTS senditivity] - [C/I margin]+[CL1] - (-1)4 + 10*log(RX_BU))-[NF]

E.7.2.5 3rd order Intermodulation (IM3) performance/Spurious emissions:

If N carriers, each with outp" powers RPT_TXpwr, are amplified by arepeater with a 3rd order intercept point |CP, the
highest level of 3rd order intermodul ation tones produced P w3 is given by the formula:

Pims = RPT_TXpwr - 2('°P - [RPT_TXpwr]) + 20 log (N/2)

Therefore, to meet the CEPT limits of -36dBm below 1 GHz and -30 dBm above 1 GHz, the repeater should have an
output intercept point calculated as follows:

ICP = (3*[RPT_TXpwr] - [CEPT limit])/2 + 10log(N/2)

Where an IM3 tone is generated in the duplex passband, sufficient isolation is required between the duplex paths of the
repeater to prevent re-amplification of the IM3 product in the duplex path. The requirement on the BTS IM3 productsin
the BT S receive band of -91 dBm exists to protect the BT S receivers from their respective transmitters and co-located
operators BT S transmitters. In practice close coupling between a BTS and repeater should be avoided if spurious/IM3
products or wideband noise from aBTS is not to be amplified by the high repeater gain. Therefore, the -91 dBm BTS
requirement is not necessary for the repeater. With careful planning of the repeater site the CEPT limits are sufficient.

Spurious emissions should meet the -36 dBm CEPT requirement.

In normal operation, the IM3 products generated by the repeater will be largely due to intermodul ation between
BCCH/TCH bursts. However, during RACH bursts increased levels of IMP will be produced in the uplink path.
Automatic gain control (AGC) that is activated at a threshold above the normal uplink operating power may be
necessary to prevent these increased levels from exceeding the CEPT limits.

The AGC threshold will be set 3 dB above the maximum allowed power per tone for two tones whose IM3 products just
meet the CEPT limits. Careful design of the attack and delay characteristics of the AGC isrequired to prevent adverse
interactions with MS power control and thisis for further study. When AGC is activated, al channels operating,
through the repeater will be subject to a gain reduction.

E.7.3 Repeater scenarios

Exampl e repeater scenarios are presented below. The figures have been cal culated using the equations derived in
clauses 2 and 3.
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E.7.3.1 Rural scenario

Typical parameters for arepeater operating in arural environment are:

CL1L: 90 dB

CT2min: 75dB

MS_ TXpwr_max: 39 dBm (class 2)
MS_sengitivity: -104 dBm

BTS TXpwr 43 dBm

BTS Rxlev_rnax: -70dBm
Repeater noise figure 8dB

N (no of carriers) 4

Assuming that the MS is powered controlled clown to 30 dBm at CL2min (MS_TXpwr_min = 30 dBm), the repeater
operating parameters are as follows:

Dynamic range: 43 dB
Gain: 65 dB
Uplink operating power: 20 dBm

Downlink operating power: 18 dBm

Min. 3rd order ICP 51 dBm (based on 20 dBm operating power)

E.7.3.2 Urban Scenario

Typical paramet®s for a repeater operating in arural environment are:

CL1L: 80dB

CL2min: 45dB

MS TXpwr_max: 33 dBm (class 4)
MS sensitivity: -102 dBm

BTS Txpwr: 36 dBm

BTS Rxlev_max: -70dBm
Repeater noise figure 6dB

N (no of carriers) 2

Assuming that the MS is powered controlled down to 20 dBm at CL2min (MS_TXpwr_rnin = 20 dBm), the repeater
operating parameters are as follows:

Dynamic range: 47 dB
Gain: 35dB
Uplink; operating power: 10dBm

Downlink; operating power:  -9dBm

Min. 3rd order ICP 36 dBm
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E.7.4 Summary
It has been illustrated how repeater devices operate in th® co-ordinated and uncoordinated environments. Example

figures have been presented based on urban and rural scenarios. The following repeater specification and planning
considerations are proposed.

E.7.4.1 Repeater Specification

Selectivity out of band (i.e. outsidethe GSM band):

Offset from band edge Filter rejection
1 Mhz 30dB
2 MHz 50 dB

Spurious Emissions (including wideband noise):
Below 1 GHz: less than -36 dBm measured in 100 kHz bandwidth.
Above 1Ghz: less than -30 dBm measured in 100 kHz bandwidth.
I ntermodulation products:
Below 1 GHz: less than -36 dBm measured in 100 kHz bandwidth.
Above 1 Ghz: less than -30 dBm measured in 100 kHz bandwidth.

E.7.4.2 Planning considerations
The following planning rules are proposed:

- Where anumber of BTS operate through a repeater, operators must consider carefully the coupling between BTS
and repeater. The operating dynamic range will only be optimised for all BTS when they are equally coupled
into the repeater.

- When selecting a repeater site consideration needs to be given to the proximity of the repeater to uncoordinated
BTS. IM3 productsWBN generated in the BT S receive band by the repeater may be transmitted at alevel
defined by the CEPT limit. This requires a minimum coupling loss:

[CL1min] = [CEPT limit] - [BTS sensitivity] + [C/l margin]

Below 1 GHz this equatesto 77 dB. Where IM3 products generated by the repeater are the limiting factor, separate
repeater transmit and receive antennas can be used to reduce the minimum coupling loss.

- For co-ordinated M S, the maximum repeater gain shall be the minimum value of G;, G, and Gs, calculated from
the following equations.

G1=[BTS sensitivity] - [C/l margin] - [MSWBN in Rxr BW] + [CL2min] + [CL1]
G, = [BTS sensitivity] - [C/l margin] + [CL1] - ()144 + 10*log(RX_BW)) - [NF]
Gz =[BTSa_RXlev_max] - [MSa_TXpwr_min] + [CL1] + [CL2min]

- For uncoordinated MS, filtering is necessary to reject the uncoordinated frequencies from the repeater. When
selecting arepeater site, operators should implement sufficient filtering of uncoordinated frequencies to ensure
that the following is satisfied. At CL2min (the minimum coupling loss between M S and repeater), uncoordinated
frequencies enhanced by the repeater shall be at last 9 dB below the wanted signals of the uncoordinated
operator.

- Thesefactors will require review during the lifetime of the repeater to account for the developments in both the
co-ordinated and uncoordinated networks.

ETSI SM G-2 ad-hoc
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Sophia Antipolis 12 July 1994
REPEATER OUT OF BAND GAIN
Source: Hutchison Telecom.

This paper proposes additional text to GSM 05. O5 Annex E (normative): Repeater characteristics and GSM 03.30-RPT
Version Annex D PLANNING GUIDELINES FOR REPEATERS. Thereis aso text describing the background to the
requirements.

GSM 05.05 annex E (normative): Repeater characteristics

E.7.5 Out of band Gain

The following requirements apply at al frequencies from 9 kHz to 12,75 GHz excluding the GSM/DCS 1800 bands
defined in GSM 05.05 and declared by the manufacturer as the operational bands for the equipment.

The out of band gain in both directions through the repeater shall be lessthan +25 dB at [5] MHz and greater from the
GSM and DCS1800 band edges. The repeater gain shall fall to 0 dB at [10] Mhz and greater from the GSM and
DCS 1800 band edges.

In special circumstances additional filtering may be required out of band and reference should be made to GSM 03.30.

E.7.6  Planning guidelines for repeaters

E.7.7 Indoor Repeater Scenario

For equipment used inside public buildings where other communication systems could operate in very close vicinity
(lessthan [5]m) of the repeater ,antennas specia care must be taken such that out of band signals are not re-radiated
from within the building to the outside via the repeater system and vice versa. When using repeaters with an antenna
mounted on the outside of a buildings the effect of any additional height gain should be considered. If the close coupled
communication system is usually constrained, within the building it may be necessary to consider the negation of
building penetration loss when planning the installation. It is the operator's responsibility to ensure that the out of band
gain of the repeater does not cause disruption to other existing and future co-located radio communication equipment.
This can be done by careful, choice of the repeater antennas and siting or if necessary, the inclusion of in-line filters to
attenuate the out of band signals from other systems operating in the close vicinity of the repeater.

The following equation can be used to ensure an adequate safety margin in these cases:

Gsys < Geoms + Cls- Ms

Where Gy is the out of band repeater gain plus the gain of external repeater ,antennaless the cable loss to that antenna.
Geom_s isthe antenna gain of the close coupled communication system (use 2dBi if not known).CL 3 is the measured or
estimated out of band coupling loss between the close coupled communication system and the repeater (terminal to
terminal) and M is the safety margin which should include the height gain of the external repeater antenna plus, if
appropriate, the out of band building penetration loss (use 15dB If not known). See above.

REPEATER OUT OF BAND REQUIREMENT BACK GROUND

Consider the signals passing between two systems, which could be any desired radio communication systems (eg.
mobile to base) or incompatible systems (eg. two different mobiles or bases operating on the same frequency). There
will be a path loss between these systems which we need to ensure is not significantly affected by the addition of a
GSM/DCS repeater in the environment. These systems are uncoordinated with GSM/DCS and the words out of band
are used below to refer to the repeater performance outside of the allocated GSM/DCS bands. See below.
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Taking the simple outdoor case first and assuming a general propagation loss model of the form C +klog(r) the total
gain budget between System A and System B via arepeater system with out of band gain Ggs (which includes antenna
gan)is:

-pLa + Ggys - PLip = -2C - k(log X + log y) + Geys daB
Where x is the distance from System A to the repeater system and y is the distance between the repeater and System B.

Thus the minimum total path loss occurs when either x or y is at its minimum value independent of the propagation
type. In other words the worse case situation will arise when the repeater is physically close to one or other of the
systems (A or B). In this case the "direct” path loss pLa can be assumed to be very similar to the path loss from the
repeater system to the far system excluding, for the moment, any differencesin the height gain. i.e.: pLa = pL for
System A close to the repeater System.

The coupling losses between the radio stations in each system will also depend upon the respective antenna gains. In the
following situation a repeater and Station A are closely coupled.

Ant_1
p Lab
PTX
Station Ant 4
A __
Ant_2 Ant_3f
G
- R - p Lo
. Station
A B B
_ Repeater_

Since the path |oss between System B and the repeater (pL) and System A and B (pLa) is similar for a closely coupled
situation it is useful to compare the EIRP of asignal transmitted from Station A with the signal re-transmitted from the
repeater.

EIRPA = Prx + Gant_1

EIRPR = Prx - Ca+ Gr+ Gant_3
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Where Cy is the close coupling loss between the terminals of System A and the repeater, Gr isthe gain of the repeater
in the direction A to B, Gant 1 and Ganr 3 are the gain of Ant_1 and Ant_3 respectively (including cable l0ss).

If we constrain EIRPr to be less than EIRPa by a safety margin Ms dB to "protect” System B against height gain
differences between Ant_1 and Ant_3 and any other implementation factor we wish to include (eg: building penetration
losses) then:

EIRPr + Ms + EIRPA
And the repeater gain at a given frequency out of band should be:
GR < Gant_1+ Ca - GanT_3- Ms

The above aso holds for the effect of System B upon A if the value of repeater gain out of band in the direction B to A
is substituted for Gg.

This value of gain would ensure that an out of band system would see an added component via the repeater no greater
than the "direct" path. This must be considered further for the case when the systems A and B are part of adesired radio
communication link. The worse case scenario would be if a direct sine of sight exists between Ant_4 and Ant_1 and
also Ant_3, producing strong Rayleigh fading. Although thisis unlikely since Ant_1 and Ant_2 must be closely coupled
and Ant_2 must be physically remote from Ant_3 to achieve the desired isolation in band operators should take stepsto
avoid this occurrence. In atypical urban situation alarge number of multipath components are more likely and the
effect of the repeater would be to increase the signal mean (about 3 dB?) and erode some of the fade margin. This
should be well within the implementation margin of all mobile communication systems. It is not anticipated that static
communication systems would suffer either (however if the unforeseen case arose the repeater antenna could be easily
re-sited to give the reguired isolation). Note that the susceptible areawill depend upon the directional properties of
Ant_3 and therefore will be smaller for a higher gain antenna.

Since the out of band frequency response adjacent to the inband frequencies will be the most design critical the values
for parameters in band are used for the out of band frequencies. Thus the values given in GSM 03.30 can be used in the
limiting case to calculate the safety margin for the adjacent out of band systems.

Taking the scenario for arepeater antenna mounted on a building or tower with undesired close coupling between an
out of band system and the repeater at ground lever, GSM 03.30 gives avalue for height gain of 9 dB for achangein
reference height from 1.5 to 10 m. A safety margin of +9dB is proposed for the outdoor case.

A practical figure of 50dB for the close coupling (terminal to terminal) is proposed for Ca. The worst case re-radiation
of undesired signals arises when the gain of Ant_3 is much larger than the gain of Ant_1, therefore the following figures
are used to calculate the out of band gain for the repeater from the equation above:

Ms = +9dB
Ca = 50 dB
GanT 3 = +18 dBi
GanT 1 = +2 dBi

This gives the maximum bi-directional out of band gain for therepeater as+25 dB for the wor st outdoor case.

In the vast majority of cases the coupling loss between the repeater and the out of band communication system will be
greater than 50 dB and the safety margin accordingly much higher. For out of band frequencies far from the inband
frequencies the safety margin above will not degrade therefore aroll off in the repeater response does not seem to be
necessary but has been included in the specification to avoid leaving the gain wideband and uncontrolled. Further study
isrequired to check that transmitted power levers from out of band systems will not compromise the in-band
performance with thislevel of gain.

In-building Public, Case

The scenario below is relevant to arepeater installed in a public building where other out of band communication
systems may be operating in close vicinity. If close coupling between an indoor out of band system and a repeater with
an externally mounted antenna takes place the normal building penetration loss are not experienced by the out of band
system, this will affect the safety margin. Figures for building penetration losses are notoriously varied and arange of
values for building penetration losses are discussed in GSM 03.30. A value of 15 dB is proposed as representative.
Building penetration losses tend to increase with frequency and this will affect the safety margin. On the other hand
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path losses are greater at higher frequencies so that the areas that might be affected are smaller. It is possible that the
externally mounted repeater antenna may have additional height gain if it is mounted on an upper floor. In these cases it
isthe responsibility of the operator to ensure that close coupling between an out of band system and the repeater is
avoided or reduced to cause no disruption to other radio communication systems.

Because of the range in operational and installation possibilitiesit is more appropriate to give general guidancein
GSM 03.03 on the use of in-building repeaters rather than a specify a gain figure for indoor applications. A simple
formulae to estimate the maximum gain the repeater should be set to is given in GSM 03.30 to allow the operator to
plan installations on a site by site basis.
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Annex F:
Error Patterns for Speech Coder Development

F.O Introduction

This annex attempts to summarise al necessary background information for "Error Patterns for Speech Codec
Development", (Change request SMG 117/96 to GSM 05.50, SMG2 TDoc 164/95). The annex contains information on
the file structure and the usage of given soft decision values.

F.1 Channel Conditions

The number of test conditions have to be limited in order not to have to many subjective test conditions. Therefore pure
rayleigh fading has been chosen as a propagation condition. This condition represents all multipath conditions which
have a delay spread significant shorter than one bit period (3,7 us). Therefore the pure rayleigh fading statistics of bit
errorsis similar to those of TU and RA ( although thisis arice statistic) propagation conditions. Even for HT the energy
of pathes with big delay is small compared to the energy transmitted in the first bit period. Therefore the HT bit error
statisticsis not so far away from pure rayleigh fading. Significant differences can be expected for EQ conditions or a
real two path model with equal strength of both pathes. Neverthel ess pure rayleigh fading seems to be sufficient for
speech codec optimization.

For the FH case vehicular speed within one time dlot is assumed to be zero and consecutive time slots are completely
decorrelated (ideal FH ). It hasto be noted that up to 200 / 100 km/h for GSM /DCS the variation of the channel
impul se response within one time slot can be neglected. Also for RA250 / 130 the effect is not very big. Therefore no
vehicle speed within one time slot is a reasonabl e assumption. Complete decorrelation of consecutive time slots can be
achieved by a vehicle speed of 70/ 35 kmv/h for GSM/ DCS without FH or by FH over a sufficient frequency range
depending on the vehicular speed (4 frequencies spread over 10 Mhz should be sufficient to achieve almost ideal FH
performance at low vehicular speed). Therefore ideal FH is a good assumption for alot of casesin GSM. Especially at
the beginning of GSM FH is not always available. Therefore for TCH / HS development two error patterns without FH
and 3 km/h were provided.

As adisturbance source co-channel interference has been chosen .1t can be stated that the bit error statistics for the noise
and adjacent channel interference is similar to co-channel interference. Therefore this condition is sufficient for codec
development.

F.1.1 Simulation Conditions

All simulations are based on floating point calculationsin all parts of the transmission chain. No quantization effects are
taken into account. Channel filtering is assumed in order to achieve the performance for co-and adjacent channel
performance. No tolerance of the filter bandwidth are taken into account . The equalizer consists of a 16 state viterbi
equalizer.

F.1.2 Available Error Patterns

For TCH/ HS 6 error patterns were available. They are described in the attached documents from 1991. Due to the fact
that this error patterns are not available anymore at ETSI 4 new patterns with ideal FH and co-channel interference have
been produced and will be distributed SEG (4 dB, 7 dB, 10 dB and 13 dB).
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F.2  Test Data for the half rate speech coder

F.2.1 File description

This section gives a description of the test pattern available for the development of the half rate speech coder and the
associated channel coding.

All files mentioned in the present document are recorded on 1600 BPI.

There are six different test patterns : EP1, EP2, EP3, EP4, EP5 and EP6. Two files are available for each error pattern.
The first one contains the soft decision values and chip errors and the second the error patterns of the corresponding
TCH / FS channel. All test patterns are generated under the condition of rayleigh fading and co-channel interference.

EP1/ 2/ 3 are without any speed ( no doppler spectrum ) but with frequency hopping over an unlimited number of
frequencies. This means, that the fading of different time slotsis uncorrelated.

EP4 and EP5 is without frequency hopping and the maobile speed is 3 km/h.
EP6 iswith arandom input (noise).

In the following table the file names are given for each test pattern.

Test pattern File name File name
Soft decision values Error pattern

and chip error patterns TCH/FS
EP1 SDCEPCI10RFFH_1.DAT EPTCHFSCI10RFFH_1.DAT
EP2 SDCEPCI7RFFH_1.DAT EPTCHFSCI7RFFH_1.DAT
EP3 SDCEPCI4RFFH_1.DAT EPTCHFSCI4RFFH_1.DAT
EP4 SDCEPCI10RFNFH_1.DAT EPTCHFSCI1ORFNFH_1.DAT
EP5 SDCEPCI7RFNFH_1.DAT EPTCHFSCI7RFNFH_1.DAT
EP6 SDCEPRAN_1.DAT EPTCHFSRAN_1.DAT

F.2.2 Soft decision values and chip error patterns
Each file consists of 6 001 records with afixed record length of 512 byte.

The program RCEPSD.FOR can read these files (FORTRAN 77). The error patterns and soft decision values of selected
records are written to SY SBOUTPUT. The first record contains some parameters of the simulation in the order as
described in the following:

1. NTSLOT : number of times slots (INTEGER*4)

2. EBN : Chip energy divided by noise density (REAL*4)
if greater than 50 no noise at all

3. SIDB : co-channel interference C/I (REAL *4)
if greater than 50 no interference at all

4, LFN . Indication frequency hopping (LOGICAL* 4)
=.TRUE with frequency hopping
=.FALSE. without frequency hopping
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In the following records the time slots of a GSM full rate TCH are stored ( two half rate channels). The test data are
starting at the beginning of a 26-frame multiframe. One record contains four time slots and each time slot consists of
2*57=114 bytes ( one byte for oneinfo chip of atime dot). The last 56 byte of each record are not used. Each byte
contains a seven bit integer value and a sign ( twos complement representation, range -128 to 127). This data
representation is supported by VAX FORTRAN 77 BY TE representation. The soft decision value of a demodulated
chip can be calculated by dividing the stored integer value by eight and by taking the absolute value. If the chipis
demodulated correctly, the sign is positive and in the case of an chip error the sign is negative. The soft decision
information is given by the following equation:

sd = - In(Pe /(1-Pe))
Pe - error probability of achip

In the case of a TCH/FS the error patterns can be used in the following way (multiplication of the bits with the soft
decision values including the sign).

bits 0, 1
from speech
coder
transformation: to convolutional
N Oto1l (Viterbi) decoder
lto-1

soft decision values
from error pattern

Figure F.1

Theinput of the Viterbi decoder can be used for the metric computation in the usual way. For the TCH / HS the error
patterns can be used in the same way for convolutional coding. If block codes with hard decision only are used the soft
decision has to be exchanged by the hard decision value.

F.2.3 Error patterns of corresponding TCH/FS

These error patterns are generated from the soft decision values described above. They consist of the error positions of
the speech frames. The program REPTCHFS.FOR can read files containing error patternsof aTCH / FS

(FORTRAN 77). Therecord length used in the files is not fixed. The following table gives the structure of the file. Each
lineis one record:

NBITCI, NBICHII, IDUMMY 3 values INTEGER*4

NLOOP 1 value INTEGER*4
LFH 1vaue LOGICAL*4
EBN 1value REAL*4
SIDB 1value REAL*4
DUMMY 1value REAL*4
ILOOP 1 value INTEGER*4

NFEHLERG, |IED
IFV(l), 1=1,.....NFEHLER
ILOOP

2 values INTEGER*2
NFEHLERG values INTEGER*4
1 value INTEGER*4
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NFEHLERG, |IED 2 valuesINTEGER*2
IFV(), 1=1,....,.NFEHLER NFEHLERG values INTEGER*4
ILOOP 1value INTEGER*4
NFEHLERG, IED 2 values INTEGER*2

IFV(l), I=1,....,NFEHLERG NFEHLERG values INTEGER*4
-1 1value INTEGER*4
PFEHLCI,PFEHVCII,DUMMY  3vaues REAL*4

In the following example the variables are described with more details:

NBITCI - number of bitsin class|

NBITCII - number of bitsin class||

EBN, SIDB, LFH - asdescribed above

NLOOP - number of the next speech frames

ILOOP - position of the next speech frame with bit errors
1i=ILOOP i= NLOOP

NFEHLERG - number of errorsin this speech frame

IED - bad frame indication of this speech frame
=1 bad frame detected
=0 no bad frame detected

IFV (1) - array with all error positionsin this speech
frame:
possible positions of class 1 : 1,....,182
possible positions of class |l : 183,....,260

PFEHLCI - error probability class|

PFEHLCII - error probability class ||

DUMMY,

IDUMMY - these values have no information

(for compatibility reasons necessary)
Speech frames without any errors are not included in the error pattern.

The number of correct speech frames can be calculated by the difference of numbers ILOOP. The end of the error
pattern is indicated by the ILOOP =-1.

In the data delivered by the TCH / FS speech coder bits have to be changed at the positions indicated in the error
patterns.
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Annex G:
Simulation of Performance

G.1 Implementation Losses and Noise Figure

All simulations are based on floating point calculationsin all parts of the transmission chain. No quantization effects are
taken into account. Channel filtering is assumed in order to achieve the performance for co.- and adjacent channel
performance. No tolerance of the filter bandwidth are taken into account. In order to cover the performance of areal
receiver an additional implementation margin of two dB shall be allowed. This means, that a simulated value at 7 dB
Cl1 corresponds to the performance of areal receiver at 9 dB C/l.. Taking a reasonable noise figure (8 dB) into account
asimulated value of 6 dB Eb/NO corresponds to the performance of areal receiver at 8 dB Eb/NO which corresponds to
the ref. Sensitivity input level of GSM 05.05.

G.1.1 Assumed Equalizer

The equalizer consists of a 16 state viterbi equalizer.

G.1.2 Accuracy of Simulations

At very low error rates the accuracy of the simulations become poor. The following table gives the lowest error rate for
acertain GSM channel at which error rates can be taken from the simulations.

TCH/F48 10*
TCH/F24 10°
TCH/H24 10*

In case that a simulated value is below the given minimum in the curves the minimum is indicated.

G.1.3 Simulation Results

Figures 1 to 18 show the performance (simulated values) for ref.sensitivity and dynamic propagation conditions.
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Figure 18

G.2 Reference Structure

The reference configuration with respect to channel coding is according to 'Proposed text for draft Recommendation
GSM 05.03, August 1994 from Alcatel (vers. 4.1.2H). 'Most recent text for subclause 3.2 of GSM 05.03', Motorola,
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September 1994 contains a dightly modified interleaving scheme'. This means the exchange of the ,mapping of bitson
even and odd positions within atime slot. It can be stated that the performance is independent from the modification.

In the following the most significant bits of class | which are protected by a CRC code are called class la. The other bits
of class| are called class Ib. The terms FER and RBER have the same meanings described in GSM 05.05 for the
TCH/FS.

G.2.1 Error Concealment

Error concealment is done in a way as described in the TCH/HS C-code which is provided by Motorola. This means
that bad frames are detected by the CRC and an additional criterium in the channel decoder. Computation of FER and
RBER includes the use of both criteria. Therefore no specification of the o factor is required. In addition the UFI
according to the ANT proposal is calculated. It has to be noted that the present document does not include additional
BFI according to a set UFI flag and an inconsistency in the speech codec data. This means that type approval and
testing has to be done only with BFI and UFI indication given by the channel decoder.

G.2.2 Implementation Losses and Noise Figure

All simulation are based on floating point calculationsin al parts of the transmission chain.

No quantization effects are taken into account. Channel filtering is assumed in order to achieve the performance for co.-
and adjacent channel performance. No tolerance of the filter bandwidth are taken into account. In order to cover the
performance of areal receiver an additional implementation margin of two dB shall be allowed. This means, that a
simulated value at 7 db C/I corresponds to the performance of areal receiver at 9 dB C/l..

Taking areasonable noise figure (8 dB) into account a simulated value of 6 dB Eb/NO corresponds to the performance
of areal receiver at 8 dB Eb/NO which corresponds to the ref. Sensitivity input level of GSM 05.05.

G.2.3 Assumed Equalizer

The equalizer consists of a 16 state viterbi equalizer.

G.2.4 Simulation Results

All simulations are based on 40 000 simulated speech frames. Figures 1 to 15 show the performance (simulated val ues)
for ref. sengitivity and interference propagation conditions. The FER and RBER class Ib and Il is given.

Furthermore the probability that the BFI or UFI is set is given: FER (BFI or UFI). A RBER class Ib is given for those
frames which have not a BFI or UFI indication (bit error in those frames which are considered not to be bad or
unreliable ): UFI RBER class Ib.

G.2.5 Proposed Values for Recommendation GSM 05.05

The following values are proposed for ref. Sesitivity of GSM900 in GSM 05.05.

Static TU50 no FH TUS50 ideal FH RA250 no FH HT100 no FH
FER 0,025% 4,1% 4,1% 4,1% 4,5%
RBER class Ib 0,001% 0,36% 0,36% 0,28% 0,56%
RBER classll 0,72% 6,9% 6,9% 6,8% 7,6%
FER (BFI or UFI) 0,048% 5,6% 5,6% 5,0% 7,5%
UFI RBER class |b 0,001% 0,24% 0,24% 0,21% 0,32%
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Static TU50 no FH TUS50 ideal FH RA130 no FH HT100 no FH
FER 0,025% 4,2% 4,2% 4,1% 5,0%
RBER class |b 0,001% 0,38% 0,38% 0,28% 0,63%
RBER classlli 0,72% 6,9% 6,9% 6,8% 7,8%
FER (BFI or UFI) 0,048% 5,7% 5,7% 5,0% 8,1%
UFI RBER class Ib 0,001% 0,26% 0,26% 0,21% 0,35%

It has to be noted that for the static case the error rates for FER, UFI and RBER class Ib are so low that an upper bound
according to the simulation results at 3 dB E, / No has been taken.

The following values are proposed for ref. Interference of GSM900 in GSM 05.05.

Static TU3 ideal FH TU50 no FH TU50 ideal FH RA250 no FH
FER 19,1% 5,0% 5,0% 5,0% 4,7%
RBER class Ib 0,52% 0,27% 0,29% 0,29% 0,21%
RBER classll 2,8% 7,1% 7,1% 7,1% 7,0%
FER (BFI or UFI) 20,7% 6,2% 6,1% 6,1% 5,6%
UFI RBER class Ib 0,29% 0,20% 0,21% 0,21% 0,17%

The following values are proposed for ref. Interference of DCS1800 in GSM 05.05.

TU1l.5no0 FH TU1.5 ideal FH TUS50 no FH TU50 ideal FH | RA130 no FH
FER 19,1% 5,0% 5,0% 5,0% 4,7%
RBER class Ib 0,52% 0,27% 0,29% 0,29% 0,21%
RBER classl| 2,8% 7,1% 7,2% 7,2% 7,0%
FER (BFI or UFI) 20,7% 6,2% 6,1% 6,1% 5,6%
UFI RBER class Ib 0,29% 0,20% 0,21% 0,21% 0,17%

For aramdom RF input the overall reception performance shall be such that, on average less than one undetected bad
speech frame ( false bad frame indication BFI) in 10 swill be measured.

G.3

Simulation of performance for AMR

This clause provides some background information about the simulation results of AMR reference sensitivity and
interference performance given in GSM 05.05. The simulations were carried out jointly by Ericsson, Nokia and

Siemens.

G.3.1 System Configuration

The reference system for AMR channel coding simulation is configured according to GSM 05.03. The simulations were
carried out by using the ssmulator developed for the AMR qualification and selection.

G.3.2 Error Concealment

Computation of FER and RBER relies on the CRC only. In other words, no other mean than the CRC have been used to

identify bad frames.
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G.3.3 Implementation Losses and Noise Figure

All simulations are based on floating point calculationsin all parts of the transmission chain. No quantization effects are
taken into account. Channel filtering is assumed in order to achieve the performance for co- and adjacent channel
performance. No tolerance of the filter bandwidth are taken into account. In order to cover the performance of ared
receiver an implementation margin of two dB shall be allowed. This means that a simulated value at 7 dB C/I
corresponds to the performance of areal receiver at 9 dB C/I.. Accordingly, the "-3dB" C/I. condition was simulated at
4 dB C/l;and the "+3dB" C/I.condition at 10 dB C/I..

Taking areasonable noise figure (8dB) into account, a value of 6 dB Ew/No was used to simulate the performance of a
real receiver at 8 dB En/No which corresponds to the Reference Sensitivity input level of GSM 05.05.

G.3.4 Assumed Equalizer

The equalizer which isimbedded in the ETSI AMR radio simulator consists of a 16 state Viterbi equalizer.

G.3.5 Simulation Methods

A total of 200 000 frames of data were used for each simulated condition. Correspondingly, the soft error patterns used
in the simulations were 200 000 speech frames long. The ETSI (AMR) radio simulator was used to generate the
necessary error patterns. The same error pattern generated for a propagation condition (e.g. TU50 no FH at 7 dB C/1¢)
was used to smulate all types of channel (TCH/AFS12.2, TCH/AFS10.2, TCH/AFS7.9, TCH/AHS?.9, ...).

G.3.5.1 Simulation for speech

Random data of 200 000 speech frames were used as input data of channel encoder.

G.3.5.2 Simulation for DTX

The performance of the SID update transmission was simulated by calculating EVSIDUR (Erased Vaid SID_UPDATE
frame Rate) associated to an adaptive speech traffic channel. In DTX testing we must ensure that codec continuously
operates in discontinuous transmission mode and this was achieved by connecting all zero signal into speech codec
input.

EVSIDUR figures were derived by taking frame classification for each transmitted SID_UPDATE frame and counting
the number of incorrect classifications respect to the total amount of the transmitted SID_UPDATE frames.
Transmission period of SID_UPDATE frames was 6 framesin TCH/AFS channel and 8 framesin TCH/AHS channel.

The length of the simulations was 200 000 frames which resulted in the transmission of 24 999 SID_UPDATE frames
in TCH/AHS channel and 33 332 framesin TCH/AFS channel.

G.3.5.3 Simulation for inband channel

There are two parallel inband channels, one for Modelndication and one for ModeCommand/M odeRequest. For each of
the two inband channel s the same algorithm where used. First the current mode was set to a random mode (one of four).
Then after every 8 times the current mode had been transmitted afair coin was flipped, and depending on the outcome
of that the current mode was changed to the next higher or lower mode. If the current mode was already the lowest and
the coin indicated that alower mode should be selected, the current mode was retained. Similarly, if the current mode
was the highest and the coin indicated that a higher mode should be selected, the current mode was retained. This means
that there was a coin flip once every 2*8 = 16 speech frames (once every 320 ms) for each of the two inband channels
or that in total there was a coin flip once every 160 ms. The simulation results put into the table was then the mean FER
for the two inband channels.

All simulations for inband performance assumed that four modes where currently active.
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G.3.6 Remarks to the Data in GSM 05.05

Like the specifications for GSM HS and EFS, all data given in GSM 05.05 are properly rounded.

In the case of TU50, TU50 no FH leads systematically to a little bit better performance than TU50 IFH in many cases of
GSM900 AHS, DCS1800 AFS and DCS1800 AHS. Possible explanation is that the FH algorithm used in the AMR
radio simulator is not good enough to simulate the ideal FH, e.g. it may not be so good as that used for the GSM EFR
simulations. Take the reference interference performance in the case of GSM900 as an example. TCH/EFS has an FER
of 9%/3% for TU50 no FH/IFH, respectively, which corresponds to a factor of 3 (=9/3). In our simulation,
TCH/AFS12.2 has an FER of 6%/3.5% for TU50 no FH/IFH, respectively, i.e. afactor of only 1.7 (=6/3.5). Regarding
to this point, the following solution approved at SMG2#31 meeting was used: For the TU50 IFH (GSM 900 AHS,
DCS1800 AFS & AHS), the same requirements as for the TU50 no FH are set in GSM 05.05 - as people may have done
aso for GSM FR, HR and EFR simulations. Thisis reasonable since theoretically the TU50 IFH performance should be
at least as good as TU50 no FH.
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Annex H:

GSM900 Railway System Scenarios
Title: UIC system scenarios requirements

Source: UIC/ DSB

Date: 04.09.1996

H.1  Scope

The present document discusses relevant system and interference scenarios of UIC equipments as afirst stepin
determining the RF requirementsin GSM 05.05 for the R-GSM band, both as regards intra-system performance of a
UIC network and towards other systems.

H.1.1 List of some abbreviations

AG Antenna Gain, incl. cable losses etc.

FPL Free Path Loss

MCL Minimum Coupling Loss, incl. cable losses etc.
MIM Multiple Interferers Margin

sMS Small MS

H.2 Constraints

H.2.1 GSM based systems in the 900 MHz band

Following the decision by CEPT ERC in their June 95 meeting to shift the UIC frequencies and to amend CEPT
recommendation TR 25-09 accordingly, UIC systems are now designated on a European basis the band 876 MHz to 880
MHz (mobile station transmit) paired with 921 MHz to 925 MHz (base station transmit).

The GSM based systemsin the 900 MHz band are thus, cf. GSM 05.05 and TD 139/95 of SMG2#15).

ARFCN's Uplink carriers Downlink carriers
P-GSM 1..124 890,2 MHz to 914,8 MHz | 935,2 MHz to 959,8 MHz
E-GSM 975..124 (mod1024) 880,2 MHz to 914,8 MHz | 925,2 MHz to 959,8 MHz
uiC 955..974 876,2 MHz to 880,0 MHz | 921,2 MHz to 925,0 MHz
Iplinks {mobile transmit) Dowen lin b= (base station transmit)
uic 7 N

p-and EGSM P2277E7 s Rk .

1 I I I I I
MHz &/ 880 820 o915 921925 935 =
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H.2.2 Other systems

Other possible systems in the 900 MHz band include TETRA and various national public and military systems. These
systems are not considered any further in the present document.

Neither is UIC co-existance with DCS1800 considered in any detail, assuming that the RF requirements for UIC
equipments at frequencies far away from the operational frequencies shall be identical to P-GSM.

H.2.3 UIC systems outline

For reasons of economies of scale, timescales required, availability of equipment, the possibility to use aso public
networks, etc., it has been important for the UIC that its new radio system for integrated train communications as far as
possible is based on an existing standard, namely GSM900.

Thisaso impliesthat UIC RF parameters should not be different to P-GSM, except where justified by the different
frequency band requiring modified filters.

In order to able to roam onto public networks, a UIC M S as a minimum shall be able to operate over both the UIC and
the P-GSM band and it must meet the RF requirements of either. This requires a pass band of any "duplex” filtersin the
UIC MS of 39 MHz. At the same time the transition band is only 6 MHz between the downlink (of UIC) and the uplink
(of P-GSM). Thisimplies agreater filter complexity than for P-GSM and probably even E-GSM, unless possibly some
related RF performance parameters are relaxed for the UIC M S, e.g. blocking and wide band noise - in line with the
scenarios.

It should be studied whether the UIC M Sfiltering can be of aless order if operation is not required or tolerances (filter
ripple) arerelaxed in the GSM extension band.

H.2.4 Fixed UIC RF parameters

At least the following GSM 900 parametersin GSM 05.05 are expected to apply equally to UIC equipments, referred to
by the relevant section in GSM 05.05:

4.1  Output power and power levels.
4.4  Radio frequency tolerance.

4.6  Phase accuracy.

6.2 Ref. sengitivity level.

6.3  Ref. interference level.

6.4  Erroneous frame indication performance.

H.3  Methodology

The relevant scenarios of interference are identified and aworst case analysisis applied aong the lines of GSM 05.50.
Thus, assuming a single interferer, the performance required to avoid the interference altogether is calculated based on
the minimum coupling lossto the victim.

This method isjustified by its simplicity and the typical applications of a UIC system for train control purposes and
exchange of voice messages to override signalling information etc., whereby safety isa major concern. Furthermore,
UIC systems will typically be noise limited, and any interference scenario not meeting the requirements will lead to a
less reliable coverage.

To take in account any multiple interferers, the likelihood of a scenario and the possible consequences of it not being
met, interference margins to the worst case requirement may be introduced.
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H.3.1 Scenarios

Theidentification of relevant scenariosis based on the system scenarios of TD SMG 61/91 (part of technical report
GSM 05.50). These are:

1. SingleBTSand MS.

2. Multiple MS and BTS, one network.

3. Multiple MS and BTS, different networks.
4. Colocated MS, different networks.

5. Colocated BTS, different networks.

6. Colocation with other systems.

Only the scenario aspects related to close proximity are considered, as the fixed UIC RF parameters set the range as for
GSM.

For UIC systems there will not be more than one operator in aregion. Even at the border between such regions, the train
control applications shall assure that an MS does not get close to a new BTS while still remaining on the old network.
Thus 1 and 2 above are the only relevant UIC intra-system close proximity scenarios, with the addition of 4bis
(colocated M S, one network) and 5his (colocated BTS, one network).

Scenarios 3 to 5 are related to coexistance between UIC and other GSM 900 systems.
Other systemsin the 900 MHz band (scenario 6) are not considered further, as explained in subclause 2.2.
Thus the scenarios for investigation are as follows:

Scenario 1: SingleBTSand MS (UIC only)

Consider aUIC MS close to its serving BTS and no interferers, i.e. only the wanted signal levels
involved and no interferers.

Scenario 2: Multiple MS and BTS of one network (UIC only)

Consider multiple UIC MS at different distances from a common serving site, i.e. mostly near-far
effects. The site will typically be asingle BTS with one or two carriers. Sectored cells or umbrella
cells will seldom be used in railways networks.

Scenario 3: Multiple MS and BTS of different networks (UIC vs GSM)

Consider interference between aBTS and foreign MS's at close proximity: An M S being distant
fromits own BTS may transmit at maximum power closeto aforeign BTS, and may be exposed to
that one transmitting at maximum power to distant MS's of its own.

Scenario 4: Colocated M S of different networks (UIC vs GSM)

Consider GSM and UIC MS's at close proximity, each being served by its own BTS, neither
colocated nor synchronised. Thus the uplink of the one M S transmitting at full power can interfere
with the downlink of the other M S receiving at reference sensitivity.

Scenario 4bis: Colocated UIC MS (UIC only)

Consider UIC MS's at close proximity, transmitting at full power and receiving at the limit
sensitivity.

Scenario 5: Colocated BTS of different networks (UIC vs GSM)

Consider aBTS transmitting to adistant MS at full power, thus possibly interfering with a close
proximity BTS of the other system receiving afaint signal from adistant MS.
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A co-siting and optimised UIC BTS - GSM BTS scenario could be relevant in some cases, e.g.
where a public GSM operator operates a UIC system on behalf of arailway, or where the same
sites (e.g. aleaky cable system in tunnels) are used for the UIC system and a public GSM system,
in order to provide public service to train passengers or to reduce cost for either system.

Scenario 5bis: Colocated UIC BTS (UIC only)

Consider the interactions between transmitters and receivers of asingle or cosited BTS's.

H.3.2 Format of calculations

The max emissions level allowed is calculated to give the requirement on any noise of the source of interference,
overlapping the wanted signal of the victim receiver at reference sensitivity (assume 200 kHz bandwidth).

The maximum exposure signal level is calculated to give the requirement on the victim resilience against a strong signal
off the channel of its wanted signal.

Theinterference signal levels are calculated at the antenna connector of the equipments, in line with GSM 05.05. For
equipment with integral antenna only, a reference antenna with 0 dBi gain is assumed.

Correspondingly, the Minimum Coupling Loss is defined between the antenna connectors of either end of the
interference link, i.e. it includes the antenna gains and any losses.

H.3.3 GSM900 systems parameters

Throughout the analysis the following parameter val ues are assumed, using values from GSM 03.30 clause A.2 where
applicable.
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uiC GSM
MS (vehicle mounted):
Antenna gain 4 dBi 2 dBi
Cable and connector losses 2dB 2dB
Antenna height 4m 1,5m
Output power 39 dBm 39 dBm
Small MS (sMS): (note 1)
Antenna gain 0 dBi 0 dBi
Body losses (note 2) 3dB 10dB
Antenna height 15m 15m
Output power 33 dBm 33 dBm
BTS:
Antenna gain, bore sight 18 dBi (note 3) 12 dBi
Antenna gain, 30 degr. off bore sight 4 dBi 4 dBi
Cable and connector losses 2dB 2dB
Antenna height 30m 30m
Output power (note 4) 39 dBm 39 dBm

Interference limit (note 5)
= Sensitivity - C/I - interference degradation margin (note 6)

BTS and vehicle mounted MS: -104-9-3= -116 dBm
Small MS: -102-9-3= -114 dBm
NOTE 0: All power levels are at the antenna connector of the
equipment.

NOTE 1: As defined in GSM 05.05, a small UIC MS pertains to power
class 4 or 5 (i.e. max 2W) and is not designed to be vehicle
mounted.

NOTE 2: For GSM sMS a body loss of 10 dB is assumed, in line with
recent experiences and measurements. The lower value of
3 dB assumed for UIC sMS may reflect a typical use, being
carried on the body rather than held at the head. By the way,
this is also the value given in GSM 03.30.

NOTE 3: For UIC base stations, especially serving high speed line
sections, it is likely that high directivity antennas with a
correspondingly high gain will be used to provide the required
high grade and quality of coverage.

NOTE 4: BTS RX diversity has not been considered. If this should be
the case the BTS transmit power should be increased about
3 dB.

NOTE 5: In receiver bandwidth: Assume 200 kHz.

NOTE 6: For a noise limited system, the GSM reference sensitivity is
not valid if the receiver is exposed to interference at the same
time, nor is the 9 dB C/I ratio valid at the sensitivity limit. Thus
a 3 db interference degradation margin is added in the worst
case analysis in accordance with GSM 03.30. This is a
compromise value, that allows a slight desensitisation of the
victim in the case of interference.

H.3.4 Minimum Coupling Loss

The minimum coupling lossiis calculated assuming free space path loss at 900 MHz (31,5 dB + 20l og(d) [m]), a
reasonabl e assumption for the close proximity scenarios in question.

For al MSto BTS scenarios, as a simple assumption, the minimum coupling loss is assumed to be at a downward angle
of 30 deg. off bore sight (i.e. double the vertical distance) with areduced BTS antenna gain as given above.
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Scenario | Equipm#1 | Equipm#2 | Dist. | FPL | AG#1 | AG#2 | MCL

m dB dB dB dB

1&2 |UICMS UIC BTS 52 66 2 2 62
1&2 |[UICsMS UIC BTS 57 67 -3 2 68
4bis UIC MS UIC MS 2 38 2 2 34
4bis UIC MS UIC sMS 5 45 2 -3 46
4bis UIC sMS UIC sMS 2 38 -3 -3 44
Shis [UICBTS [UICBTS | — as for GSM | 30

3 GSM MS UIC BTS 57 67 0 2 65

3 GSMsMS _ [UIC BTS 57 67 -10 2 75

3 UIC MS GSM BTS 52 66 2 2 62

3 uIC sMS GSM BTS 57 67 -3 2 68

4 UIC MS GSM MS 20 58 2 0 56

4 UIC MS GSM sMS 5 45 2 -10 53

4 uIC sMS GSM MS 20 58 -3 0 61

4 uIC sMS GSM sMS 2 38 -3 -10 51

5 [UCBTS |GSMBTS | — see section 3.1 | 40

H.3.5

A Multiple Interferers Margin (MIM) of 6 dB isintroduced to tighten the scenarios requirements where GSM base
stations are the source of interference, to take into account their multiple and continuous carriers. The likelihood of
multiple close proximity mobiles active on overlapping timeslots is considered rather small, so no MIM applies for
mobiles producing interference. Also for interfering UIC base stations no MIM applies, considering the low number of
carriers.

Interference margins

However, no MIM shall apply for scenario requirements for blocking, which is considered a non-additive narrow band
phenomenon.

H.3.6 Differences between E- and P-GSM

Concluding the above determination of scenarios and parameters, it may be noted that no differences apply between
E- and P-GSM as regards co-existence scenarios with UIC.

H4 Transmitter requirements

If not otherwise stated, the max emissions level allowed from an interference source for a given scenario is calculated as
follows:

= Victiminterferencelimit  (see subclause 3.3)
+MCL (see subclause 3.4)

-MIM (see subclause 3.5)
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Scenario Source Victim Intf. | MCL | MIM Max
limit emissions
5 GSM BTS UIC BTS -116 40 6 -82
3 GSM BTS UIC MS -116 62 6 -60
3 GSM BTS UIC sMS -114 68 6 -52
3 GSM MS UIC BTS -116 65 0 -51
4 GSM MS UIC MS -116 56 0 -60
4 GSM MS UIC sMS -114 61 0 -53
3 GSM sMS UIC BTS -116 75 0 -41
4 GSM sMS UIC MS -116 53 0 -63
4 GSM sMS UIC sMS -114 51 0 -63
5 UIC BTS GSM BTS -116 40 0 -76
3 UIC BTS GSM MS -116 65 0 -51
3 UIC BTS GSM sMS -114 75 0 -39
5bis UIC BTS UIC BTS -116 30 0 -86
2 UIC BTS UIC MS — 62 0 0 Note
2 UIC BTS UIC sMS — 68 0 0 Note
3 UIC MS GSM BTS -116 62 0 -54
4 UIC MS GSM MS -116 56 0 -60
4 UIC MS GSM sMS -114 53 0 -61
2 UIC MS UIC BTS -116 62 0 -54
4bis UIC MS UIC MS -116 34 0 -82
4bis UIC MS UIC sMS -114 46 0 -68
3 UIC sMS GSM BTS -116 68 0 -48
4 UIC sMS GSM MS -116 61 0 -55
4 UIC sMS GSM sMS -114 51 0 -63
2 UIC sMS UIC BTS -116 68 0 -48
4bis UIC sMS UIC MS -116 46 0 -70
4bis UIC sMS UIC sMS -114 44 0 -70
NOTE: Max BTS emissions allowed onto another downlink:
= min BTS output power on the other downlink - C/I - MIM
= Source output power - Power control range - C/l =39-30-9
= 0dBm

H.4.1 Transmitter requirements summary

From the results above, selecting the more stringent requirement where either MS or sSMSisinvolved at the other end of
an interference link, the following table summarises the maximum allowed unwanted emissions of the equipmentsin
order to meet the scenarios, measured in dBm in a 200 kHz bandwidth.

(Victim uplinks) (Victim downlinks)
uiC GSM uiC GSM
876 (880) 890 921 (925) 935
-880 -915 -925 -960 MHz
(Source:)
UIC BTS -86 -76 0 -51
UIC MS -54 -54 -82 -61
UIC sMS -48 -48 -70 -63
GSM BTS -82 -60
GSM MS -51 -60
GSM sMS -41 -63

H.5 Receiver requirements

Applicable to blocking requirements, if not otherwise stated, the max exposure (off-channel) signal level presented to a
victim for agiven scenario is calculated as follows:
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= Interference source output power (see subclause 3.3)

-MCL (see subclause 3.4)
Scenario Source Outp. Victim MCL Max
exposure

5 UIC BTS 39 GSM BTS 40 -1
3 UIC MS 39 GSM BTS 62 -23
3 UIC sMS 33 GSM BTS 68 -35
3 UIC BTS 39 GSM MS 65 -26
4 UIC MS 39 GSM MS 56 -17
4 UIC sMS 33 GSM MS 61 -28
3 UIC BTS 39 GSM sMS 75 -36
4 UIC MS 39 GSM sMS 53 -14
4 UIC sMS 33 GSM sMS 51 -18
5 GSM BTS 39 UIC BTS 40 -1
3 GSM MS 39 UIC BTS 65 -26
3 GSM sMS 33 UIC BTS 75 -42

5bis UIC BTS 39 UIC BTS 30 9
2 UIC MS 5 UIC BTS 62 -57 Note
2 UIC sMS 5 UIC BTS 68 -63 Note
3 GSM BTS 39 UIC MS 62 -23
4 GSM MS 39 UIC MS 56 -17
4 GSM sMS 33 UIC MS 53 -20
2 UIC BTS 39 UIC MS 62 -23

4bis UIC MS 39 UIC MS 34 5

4his UIC sMS 33 UIC MS 46 -13
3 GSM BTS 39 UIC sMS 68 -29
4 GSM MS 39 UIC sMS 61 -22
4 GSM sMS 33 UIC sMS 51 -18
2 UIC BTS 39 UIC sMS 68 -29

4his UIC MS 39 UIC sMS 46 -7

4bis UIC sMS 33 UIC sMS 44 -11

NOTE:  Power control is assumed.

H.5.1 Receiver requirements summary

From the results above, selecting the more stringent requirement where either MS or sSMSisinvolved at the other end of
an interference link, the following table summarises the required resilience of the equipments against strong off-channel
signalsin order to meet the scenarios, measured in dBm.

(Source uplinks) (Source downlinks)
uiC GSM uiC GSM
876 (880) 890 921 (925) 935
-880 -915 -925 -960 MHz
(Victim:)
UIC BTS -57 -26 +9 -1
UIC MS +5 -17 -23 -23
UIC sMS -7 -18 -29 -29
GSM BTS -23 -1
GSM MS -17 -26
GSM sMS -14 -36

H.6  Wanted signals levels

In this clause the intra UIC system wanted signal levels are cal cul ated.
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H.6.1 Maximum wanted signal level

Scenario 1, single MS and BTS, refers.

Adaptive power control is not considered. At very high speeds and a BTS antennalocated close to the track, it is
expected to be too slow to react quickly enough to reduce the signal levels substantially at the passage of the mast.

Vehicle Mounted M S:

1) Max MS RX wanted signal level:
Source output power - MCL = 39 - 62
=-23dBm

2) Max BTS RX wanted signal level:
Source output power - MCL = 39 - 62
=-23dBm

Small M S:

1) Max sMS RX wanted signal level:
Source output power - MCL =39 - 68
=-29dBm

2) Max BTS RX wanted signal level:
Source output power - MCL =33 - 68
=-35dBm
i.e. the value above takes precedence.

H.6.2 Dynamic range of wanted signals

Scenario 2, multiple MS and BTS of one network, refers.

Within one carrier, in the extreme the BT S adjacent timeslots RX levels may range between the max level calculated
above and the reference sensitivity.
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Annex I:
Void
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Annex J:

GSM900 Railway System Scenarios
Title: UIC RF parameters

Source; UIC/ DSB

Date: 28.11.1996

J.1 Introduction

The present document presents the results of a small working group aiming to determine the RF-parameters for UIC
equipments, to be in line with the scenario regquirements where possible and feasible, and to find a reasonable
compromise where not.

The current specifications for GSM and DCS equipments are not changed, except possibly where absolutely no
implications for their implementation are expected. It has not been investigated, if and to what extent this means that
some close proximity co-existance scenarios towards Ul C equipments are not met.

The document is largely structured as follows:
- Basic considerations.
- Discussion of transmitter characteristics.
- Discussion of receiver characteristics.
- Discussion of transmitter/receiver performance.

At the end of the document, alist of referencesis given.

J.2 Basic considerations

Asexplained in [2] for reasons of economies of scale, availability of equipment and the timescales required, in
principle, the RF-parameters for UIC equipments should not be different to standard GSM, except where affected by the
different frequency band requiring modified filters.

In order to able to roam onto public networks, a UIC mobile as a minimum shall be able to operate over both the band
designated for the UIC and the P-GSM band, fulfilling the RF requirements of either.

This requires a pass band of any "duplex” filtersin the UIC mobile of 39 MHz. At the same time the transition band is
only 6 MHz between the downlink (of UIC) and the uplink (of P-GSM). Thisimplies a greater filter complexity than for
P-GSM and probably even E-GSM. Therefore relaxations should be sought for RF parameters related to the filter in the
UIC mobile, where possible while still meeting the scenario requirements. It should also be studied whether the filtering
in the UIC mobile can be of aless order, if operation is not required or performance and tolerances are relaxed in the
GSM extension band.

J.2.1 Types of equipment and frequency ranges

For reasons of interoperability and economies of scales, al UIC mobiles must have the capability to operate in the
frequency bands mentioned above. UIC base stations, however, in general will only be required to operate in the UIC
band, although co-operation arrangements could be envisaged with public band operators, requiring base stations to
operate on either band.
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One way of reflecting thisis to define the R-GSM band to cover the UIC band only, and to require UIC mobiles to have
"multiband” capabilities. However, the current principlein GSM 05.05 requires multiband equipment to meet all
requirements for each of the bands supported (and thisis only described for mobiles). At the same time, in-band
performancesin general are referred to the frequencies of the individual bands, rather than considering that only GSM
type scenarios apply within the full relevant GSM 900 band, whereas the unwanted out-of-band signals originate from
the other link direction and from other systems. For the UIC equipments, this approach leads to an unnecessary
overlapping of the more strict out-of-band reguirements with the in-band performance reguired to meet the relevant
scenarios.

An aternative approach, to define the R-GSM band to cover both the UIC, P- and possibly E-GSM bands, is not
appropriate for the general type of UIC base stations, and it does not reflect what is needed for railways operation,
namely a stand alone band which mobiles would only leave under controlled circumstances for roaming.

The approach taken in here is the pragmatic one, whereever relevant for the specification, to discuss and describe the
frequency ranges that must actually apply for the "UIC equipment" types described above, when later elaborating the
exact wordings.

"UIC mobiles" is used throughout the text to designate either of the following:
- anMS, being avehicle mounted equipment; or

- asmal MS, for which the abbreviation "sMS" is used.

J.3 Discussion of the individual sections in GSM 05.05

This clause discusses the RF-parameters for UIC equipments and the changes required in GSM 05.05 for their inclusion
in GSM phase 2+.

Where possible and feasible, the RF-parameters are derived from the scenario requirements as set out in [2]. Otherwise
areasonable compromise is sought.

J.3.1 Scope

No change required.

J.3.2 Frequency bands and channel arrangement

As aworking assumption, the UIC GSM900 band isto be included in the GSM 05.xx series under theterm R-GSM, as
described and agreed by SMG2 in [3]. Please refer to the present document for the details of the CR required for the
change, but to summarise it, the GSM based systems in the 900 MHz band are:

ARFCN's Uplink carriers Downlink carriers
P-GSM 1..124 890,2 MHz to 914,8 MHz | 935,2 MHz to 959,8 MHz
E-GSM 975..124 (mod1024) 880,2 MHz to 914,8 MHz | 925,2 MHz to 959,8 MHz
uiC 955..974 876,2 MHz to 880,0 MHz | 921,2 MHz to 925,0 MHz
Uplinks (mobike transmit) Down lin ks (base station transmit)
e 7 N
P-and EGSM {771 G, NS .
I I I [ | I
8/ asn  aen 15 924925 935 o0
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J.3.3 Reference configuration

No changes are required in this subclause of GSM 05.05.

J.3.4 Transmitter characteristics

The following table, copied from clause 4 in [2], gives the scenarios requirements for the maximum allowed unwanted
emissions of a UIC transmitter, in order not to interfere with another link.

The values corresponds to average measurements in dBm in a 200 kHz bandwidth. Asin GSM 05.05, the reference
point is the antenna connector of the equipment.

(Victim uplinks) (Victim downlinks)
uiCc GSM uiCc GSM
876 (880) 890 921 (925) 935
-880 -915 -925 -960 MHz
(Source:)
UIC BTS -86 -76 0 -51
UIC MS -54 -54 -82 -61
UIC sMS -48 -48 -70 -63

J.3.4.1 Output power
No change isrequired.
NOTE 1. Also for UIC mobiles the lowest power control level is assumed to be 5dBm.

NOTE 2: Micro BTSisnot expected to be used in UIC networks.
J.3.4.2 Void

J.3.4.2.1 Spectrum due to the modulation and wide band noise

This specification is related to in-band performance only, and is closely related to the modulation, i.e. it does not
include any effects of the "duplex” filter. Thus the performance should be as for standard GSM, aso because the
requirements are already close to what is obtainable.

Thus, as a working assumption, ho change is proposed to this subclause of GSM 05.05.
NOTE: Comparing with the applicable scenario requirements:
- UICBTSvictimising UIC downlink: 0dBm;
- UIC MSor sMSvictimising the UIC uplink: -54dBm and -48dBm, respectively;

the performance specified in GSM 05.05 is fully sufficient for the BTS, whereas the scenarios will not be
met in al casesinvolving MS or sMS. A detailed calculation, however, has not been performed.

J.3.4.2.2a MS spectrum due to switching transients

This being a specification close to the carrier, the applicable scenarios deal with UIC MS or sMS victimising UIC or
GSM uplinks.
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MS sMS |

-54 -48  dBm Scenarios requirement

+20 +20 dB  Transient margin (GSM 05.50 p. A-18 [4])
-8 -8 dB  Bandwidth conversion factor into 30 kHz
-42 -36 dBm Performance requirement

For feasibility reasons, thisis compared with the requirement in GSM 05.05 at 1 800 kHz offset only, implying a
tightening for UIC M S. Nevertheless, no change is proposed, because this could make it difficult to use standard GSM
technology, and because only a balanced specification with the 'spectrum due to the modulation and wide band noise'
makes sense, by which the scenario requirement is not fully met anyhow, as discussed above (see subclause 4.2.1).
J.3.4.2.2b  BTS spectrum due to switching transients

Here, for one, the scenario of UIC BTS victimising the UIC downlink applies. The corresponding requirement is 0dBm,
which is uncritial and reguires no change to GSM 05.05.

NOTE: The high value reflects the assumption that there will only be one UIC operator in an area, and thus only
the coordinated case with power control to consider.

At the upper end of the transmit band, however, UIC BTS switching transients may extend into and victimise the
E-GSM downlink, whereby the following applies:

-51dBm Scenarios requirement
+20 dB  Transient margin (GSM 05.50 p. A-18 [4])

-8 dB Bandwidth conversion factor into 30 kHz

-39dBm Performance requirement onto E-GSM downlink

The UIC BTS power being 39 dBm measured in a 300 kHz bandwidth, this corresponds to -78 dBc. The requirement in
GSM 05.05 at 1,2 MHz to 1,8 MHz from the carrier is-74 dBc or -36 dBm, whichever is the higher.

Nevertheless, it is suggested to stay with the GSM 05.05 specification, considering that only mobiles operating on the
outermost frequencies of the E-GSM and very close to their reference sensitivity will possibly be interfered with.
J.3.4.3.1 Spurious emissions

The principle of the spurious emissions specification in 05.05 isbasically a split in two, an in-band part @), and an
out-of-band part b) with more strict requirements. However, the specification is not fully clear on what is the in-band
part: Does the term "relevant transmit band” refer to:

- theactual transmit band of an equipment; or
- thetotal combined range of GSM9 00 as opposed to DCS18007?

The latter seems the more appropriate, assuming that the out-of-band requirement is adapted from general CEPT limits
to protect all other various applications of radio reception, whereas the in-band part of the requirements should relate to
co-existence scenarios for GSM network operation.

For implementation of E- or P-GSM equipments, the difference between the two interpretations may be negligible, but
in any case the latter is more relaxed than the first.

For UIC equipments, capable of operation over the full GSM900 band, however, the latter definition must apply.
Otherwise, requiring for multiband operation that all the requirements for each of the bands must be met, unnecessarily
strict requirements would result by overlapping an out-of-band with the in-band of another band.

Thus, for UIC equipments, the "relevant transmit band" shall be:
MSand sSMS: 876 MHz to 915 MHz;
BTS: 921 MHz to 960 MHz.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 136 ETSI TR 145 050 V14.0.0 (2017-04)

J.3.4.3.2 BTS spurious emissions

In order to keep a balanced specification, the BTS spurious emissions requirement in the first paragraph of this
subclause of GSM 05.05, referring to the conditions specified in subclause 4.3.1a (at 1,8 MHz or greater offset from the
carrier), should not be tighter than what is applied for the switching transients (in subclause 4.2.2b, at 1,8 MHz or less
offset from the carrier), i.e. also here the current GSM 05.05 specification should be kept.

A tighter specification would not be of much use anyhow. For UIC, with its narrow downlink band, the BTS noise
closer to the carrier is expected to be dominant, and even thisis not critical, due to the coordinated scenarios. For GSM
mobiles suffering this kind of interference when being close to a base station, in most cases the source would rather be a
GSM BTS (by their multitude, and being closer in frequency).

In the second paragraph of the section, referring to the conditions in subclause 4.3.1b, the "out-of-band" requirements
should not be changed, assuming these are adopted from general CEPT limits.

Regarding protection of the BTS receive band, the UIC BTS victimising UIC or GSM uplinks scenarios apply:

uiC GSM

-86 -76 dBm Scenarios requirement

-3 -3 dB Bandwidth conversion factor into 100 kHz
-89 -79 dBm  Performance requirement

NOTE 1: Thelesstight requirement against the E- and P-GSM bands reflects the scenarios assumption that such
cositings would be subject to optimised arrangements providing a coupling loss of at least 40 dB, see[2].

Thus, for UIC, alimit of -89 dBm towards the full BTS receive band should apply, taking the more strict value. This
still forms a relaxation compared with standard GSM that can assist the implementation, considering the narrower
transition band for the filtering implicated.

NOTE 2: Therelaxation largely reflects that no multiple interferers margin is applied for aUIC BTS.

No change is suggested against DCS, assuming implementations based on standard GSM and thus meeting the current
requirement.

Considering the above relaxation of the protection of the UIC uplink as compared with GSM, the GSM 05.05 note on
protection from co-sited DCS transmitters should be sufficient for protection of the UIC band as well, if ever needed.
Nevertheless, it is suggested to include it in the GSM uplink frequency range specified for protection (to read 876 MHz
to 915 MHz). This downwards extension by 4 MHz should pose no problem for actual DCS equipments, considering
the large spacing to its wanted signal.

By the same principle, also in the last paragraph of this section of GSM 05.05, for protection of the GSM downlink
from DCS, the frequency range should be extended to include the UIC band (to read 921 MHz to 960 MHZz), and again
this should pose no problems for actual DCS equipments.

J.3.4.3.3 MS spurious emissions

For the "in-band" part of the specification, the applicable scenarios deal with UIC MS or sMS victimising UIC or GSM
uplinks:

MS sMs
-54 -48 dBm  Scenarios requirement
+20 +20 dB Transient margin
-8 -8 dB Bandwidth conversion factor into 30 kHz
-42 -36 dBm Performance requirement
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Thefirst paragraph of GSM 05.05 subclause 4.3.3 should be amended accordingly, to include the above more strict
regquirement on UIC M S, whereasit is unchanged for UIC sMS.

As above in subclause 4.3.2, the "out-of-band" requirements in the second paragraph should not be changed, assuming
these are adopted from general CEPT limits.

Regarding the requirements in idle mode in the 3" paragraph, the following applies towards the UIC and GSM uplinks:

MS sMS

-54 -48 dBm Scenarios requirement

-3 -3 dB Bandwidth conversion factor into 100 kHz
-57 -51 dBm Performance requirement

Comparing this with the existing requirements, for UIC the following differences arise:
UiICMS: -57dBm throughout, below 1 GHz;
UICsMS:  -51dBmin the frequency band 876 MHz to 915 MHz.

No change is assumed above 1 GHz.

J.3.4.3.4 MS spurious emissions onto downlinks

For UIC MS or sMSvictimising the UIC downlink, the scenario requirement is -82 dBm and -70 dBm, i.e. the
performance requirement is -85 dBm and -73 dBm in 100 kHz, respectively.

However, for UIC mobiles, featuring all 3 GSM bands and having a narrower duplex gap of 6MHz only, it is considered
unrealistic to have a performance any better than for GSM MS and sMS. For such, a maximum of -79 dBm

and -67 dBm is allowed in the P-GSM and E-GSM downlink bands, respectively. By a simple extrapolation of 79 dB -
67 dB / 10 MHz = 1,2 dB/MHz as aroll-off function towards the edge of the E-GSM downlink, the estimated
performance of GSM mobilesin the UIC downlink band is-62 dBm. Thisis summarised in the figure below.

MS e hand%
\‘ MS ¢ band

015 g 923 935MHz

More detailed investigations and measurements by Philips Semiconductors [5], however, have shown that -60 dBmisa
more realistic and feasible value at 921 MHz, using currently available GSM duplexers without extra effort or costs.

It should also be noted, that if UIC mobiles would have a better performance than GSM, then the GSM sM S would
remain as the more significant interference source, considering their large numbers and similar close proximity
scenarios. Actualy, it would be more important to set a corresponding limit for GSM equipments, considering that none
exists currently.
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Thusalimit of -60 dBm is proposed to go into GSM 05.05 for UIC MS and sMSin the UIC downlink frequency range,
and to maintain the limits for the GSM downlink. This satisfies the scenario requirements for UIC mobiles victimising
the GSM downlink, whereas the scenario requirements for close proximity between UIC mobiles are not met.

Therefore a backwards calculation is performed to determine the resulting minimum distances required to avoid the
interference, see also [2].

Source: UiC MS UiC MS UIC SMS UIC SMS
Victim: ulC MS UIC SMS UIC MS UIC sMS
Victim interference limit -116 -114 -116 -114
Assumed noise in RX band -60 -60 -60 -60
MCL of the scenario 56 54 56 54
AG source 2 2 -3 -3
AG victim 2 -3 2 -3
FPL required 60 53 55 48
Distance required [m] 27 12 15 7
Scenarios requirement 2 5 5 2
AG = Antenna Gain, incl. cable losses etc.

FPL = Free Path Loss.

MCL = Minimum Coupling Loss, incl. cable losses etc.

When eval uating the consequencies of these UIC mobile to mobile close proximity scenarios not being met, the
following preconditions for the interference actually to occur must be borne in mind, that significantly decrease the
likelihood of interference:

- athough the interference limit applies also to the idle mode, in practice, the worst case is expected to require that
the victim and the interfering mobile are both active and operating on overlapping timedots;

- thevictim mobile must be receiving at reference sensitivity.

In addition, for the UIC vehicle mounted MS to M S scenario, along a railways line two locomotives moving in opposite
directions must be within 27 m of each other. Thus the overall likelihood of the UIC MSto MSinterferenceis
considered small enough to be acceptable, also when seen in relation to the large number of operating GSM M S and
sMS, each of which presents a similar potential level of interference.

Whereever UIC sM S are typically being used, such asin stations and shunting yards, a better radio coverage is needed
to provide service for such equipments. Thisimplies generally higher wanted signal levelsin scenariosinvolving an
sMS, further decreasing the overall likelihood of interference. Thusit is considered acceptable that the scenarios
involving UIC sM S are missed by afactor of about 3.

No changes are proposed to the last two paragraphs of this section of GSM 05.05.

J.3.4.4 Radio frequency tolerance

No issues, no change required.

J.3.4.5 Output level dynamic operation

Asin subclause 4.3.3, also hereitisnot fully clear what isthe "relevant transmit band”. Assuming again that "in-band"
requirements relate to co-existence scenarios for operation of GSM networks, it is proposed to apply the same
definition, i.e. it is the total combined range of GSM900.

J.3.45.1 BTS output level dynamic operation

No changes required.
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J.3.45.2 MS output level dynamic operation
For the present document, the applicable scenarios deal with UIC MS or sMS victimising UIC or GSM uplinks.

For the UIC M, the scenario requirement is -54 dBm. At the lowest transmit power level, 5 dBm, this corresponds
to -59 dBc, assuming 17 power control steps as for standard GSM. |.e. no change is required to GSM 05.05.

For the UIC sM S, the scenario requirement is no tighter than -48 dBm. This relaxation should be included in
GMS 05.05.
J.3.4.6 Phase accuracy

No issues, no change required.

J.3.47.1 Intra BTS intermod attenuation

Throughout this section of GSM 05.05, it is supposed that the BT S transmit and receive bands are referred to, although
thisisnot clearly stated in the first paragraph.

The second paragraph is understood only to give requirements on intermodulation products falling into the BTS
transmit band, i.e. victimising downlinks.

The scenario requirement for UIC BTS victimising the UIC downlink is 0dBm, which is absolutely no problem with the
current specification.

NOTE: Thisreflectsthe assumption, that for UIC only coordinated scenarios apply, whereas for GSM the
intermodulation product could interfere with a close proximity foreign mobile at reference sensitivity.

However, for any UIC BTS intermodul ation product falling into the GSM downlink, a scenario requirement of -51 dBm
applies. For comparison, for GSM uncoordinated networks the corresponding traditional scenario requirement
calculationis:

-104 dBm Reference sensitivity

-9 daB o]
+59 daB MCL
-54 dBm Performance limit

Thisis not met by the specification either, probably for feasibility reasons.
Thus no change is proposed to the second paragraph of this subclause in GSM 05.05.

Considering the likely network implementation, with a UIC BTS operating only in the UIC band, normally no 3" order
intermodulation products will fall into any of the UIC or GSM uplinks. In any case, the scenarios requirements for UIC
BTSvictimising UIC and GSM uplinks are -86 dBm and -76d Bm, respectively. These are the same scenario
requirements as in subclause 4.3.2, and for which a TX filter isintroduced to protect the BTS receive bands in general.
Thus the requirement in the 3'rd paragraph of this section in GSM 05.05 is not a significant problem, and no changeis
proposed here either.

J.3.4.7.2 Intermodulation between MS (DCS1800 only)
Not applicable.

J.3.4.7.3 Mobile PBX
No change proposed.
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J.3.5 Receiver characteristics

The following table of scenario requirements, copied from clause 5 in [2], gives the required blocking performance of
UIC receivers against strong off-channel signals of another link.

The values are given in dBm. Asin GSM 05.05, the reference point is the antenna connector of the equipment.

(Source uplinks) (Source downlinks)
uiC GSM uiC GSM
876 (880) 890 921 (925) 935
-880 -915 -925 -960 MHz
(Victim:)
UIC BTS -57 -26 +9 -1
UIC MS +5 -17 -23 -23
UIC sMS -7 -18 -29 -29

J.3.5.1 Blocking characteristics

The"in-band" and "out-of-band" frequency ranges to apply for the blocking performance of a UIC receiver are
determined as follows:

1) one of the out-of-bands must include the combined unwanted UIC and GSM transmit band;

2) thein-band, containing wanted as well as unwanted signals and having the more relaxed performance, adjoins
the above out-of-band on the one side;

3) thein-band adjoins the other out-of-band at 20 MHz beyond the combined wanted UIC and GSM band.

NOTE: Referring to the combined ranges of UIC and GSM bands is necessary, in 1) to cover the UIC/UIC as
well asthe UIC/GSM scenarios, and in 3) to avoid possibly extending the stricter requirements of the
out-of-band to where the corresponding scenarios are not applicable. This definition isalso in line with
the assumed wide band capabilities of UIC equipments.

The following results:

UIC BTS UIC mobiles
out-of-band, incl TX band > 921 MHz <915 MHz
in-band 856 MHz to 921 Mhz | 915 MHz to 980 MHz
other out-of-band < 856 MHz > 980 MHz

Thusthetablein GSM 05.05 for GSM900 M S appliesto UIC M S as well with no change, whereas a new entry is
needed for the UIC BTS.

The specification in GSM 05.05 on exceptionsis proposed not to be changed.

The changes needed to the GSM 05.05 blocking specification for the UIC equipments are discussed in the following.
Asmicro BTSis not considered an issue for UIC networks, no changes apply to the last table in subclause 5.1 of
GSM 05.05.

J.3.5.2 Blocking characteristics (in-band)

For UIC MSin-band blocking performance, the scenario requirement is-23 dBm to protect against unwanted UIC and
GSM downlinks. Thisisin line with the current specification.

For UIC sMS, the scenario requirement is -29 dBm to protect against unwanted UIC and GSM downlinks.

For UIC BTS, to protect against unwanted GSM uplinks, the scenario requirement is-26 dBm. To protect against
unwanted UIC uplinks, the requirement is only -57 dBm, reflecting the coordinated scenario.
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In summary, this points to the possibility of relaxing some in-band blocking requirements for UIC equipments as
compared with GSM. However, there are a number of good reasons not to do so: These requirements are not related to
the different frequency band and the narrower duplex gap for filtering. They are not difficult to meet. And this allows
for a better performance than for the typical close proximity scenarios, e.g. in aBTS-MS case where antennas are used
at the mouth of tunnelsto provide inside coverage. Thusit is proposed to retain the same in-band specification as for
GSM throughout the table in GSM 05.05.

J.3.5.3 Blocking characteristics (out-of-band)

For UIC M S out-of-band blocking performance, the scenario requirement is +5 dBm or -13 dBm, where the sourceis a
UIC MSor sMS uplink, respectively (see[2]). However, the UIC MS/ UIC MS scenario is being failed by the MS
spurious emissions anyhow (27 m distance required instead of 2 m, as discussed above on subclause 4.3.3). Thusit is
proposed to maintain the 0 dBm specification in GSM 05.05.

For UIC MS, to protect against the GSM uplink, the scenario requirement is-17dBm. Thus, in the band 880 MHz to
915 MHz the out-of-band requirement is suggested to be relaxed to -5 dBm, asin note 2 of GSM 05.05.

For UIC sMS, -7 dBm is sufficient to protect against either of the UIC and GSM uplinks. Thus, arelaxation to -7 dBm
is suggested for the UIC sM S in the frequency range 876 MHz to 915 MHz.

For UIC BTS, to protect against other UIC and GSM downlinks, the scenario requirements are +9 dBm and -1 dBm,
respectively. Thisisonly avery small difference to the requirementsin GSM 05.05, and thus no change is proposed,
incl. retaining note 3 although arelaxation to an inside part of the out-of-band is probably not usefull for the UIC BTS.
J.3.5.4 AM suppresion characteristics

No change is proposed.

J.3.5.5 Intermodulation characteristics

No change is assumed, as this specification is not directly based on system scenarios.

J.3.5.6 Spurious emissions

This section has not been examined in detail, but no change is assumed.

J.3.6  Transmitter/receiver performance

J.3.6.1 Nominal error rates

For UIC equipments the highest wanted signal levels are:
UICBTS -23dBm.
UICMS -23dBm.
UIC sMS -29 dBm.

Although this reflects a possible relaxation, it is proposed to stay with the current specification in GSM 05.05,
considering, that in the worst case UIC BTS and mobiles may be much closer to each other than in the more typical case
used to calculate the scenario, and that the requirement poses no problem for implementation anyhow.

Thus, no changes are suggested for this section of GSM 05.05.

J.3.6.2 Reference sensitivity level

No changes are assumed to this subclause of GSM 05.05. This also applies to the last paragraph, which is assumed to
reflect feasibility.
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Hint: In some places of aradio network design, not the natural noise floor may be dominant (as assumed in
determining the sensitivity), but rather other uncoordinated mobiles by their wide band noise setting an
artificial and actual higher noise floor, desensitising the BTS.

Therest of GSM 05.05
No change is assumed, except for annex D.

Annex D:
Environmental conditions

To be considered for UIC equipments on another occation.

IV References
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[2] "UIC system scenarios requirements” (First part of this annex)

[3] T/Doc. 139/95 (SMG2#15): "AR's on the UIC frequency band".
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[5] Tdoc. 239/36 (SMG2#20): "MS spurious emissions onto downlink of UIC".
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Annex K:

Block Erasure Rate Performance for GPRS

ETSI STC SMG2 WPB Tdoc SMG2 WPB 47/97
Meeting no 1 Agenda Item 6.1

Edinburgh, Scotland
22 - 26 September 1997

Title: Block Erasure Rate Performance for GPRS/CS-1, CS-2, CS-3and CS4in TU50 ideal FH and TU3 no FH,
in the presence of co-channel interference

Source: CSELT, Ericsson

K.1 Introduction

Block Erasure Rate (BLER) performance for GPRS/CS-1, CS-2, CS-3 and CS-4 are provided in the case of Typical
Urban 50 knmvh with ideal frequency hopping and TU3 no FH, in the presence of co-channel interference. CS-1 BLER
performance isto be compared with SDCCH FER performance provided by AEG and used for specifying the reference
performance in GSM 05.05.

K.2 Simulation Model

Hereunder the main assumptions used for carrying out the simulations are reported:
- TU50ideal FH and TU3 no FH propagation models, as defined in GSM 05.05.
In case of ideal FH, independent fadings over consecutive bursts are assumed:
- Varying fading during one burst.
- Onesingleinterfering signal.
- Eb/No =28 dB (according to GSM 05.05).
- No antenna diversity.
- Burst synchronisation recovery based on the cross-correlation properties of the training sequence.
- Soft output equaliser.

- Channel decoding (for CS-1, performance includes Fire decoding and correction, as for AEG SDCCH FER
performance; for CS-2, CS-3 and CS-4, CRC are used for detection only).

K.3 Results

Figure 1 shows Block Erasure Rate curves for GPRS/CS-1, CS-2, CS-3 and CS-4 in TU50 ideal FH, coming from
CSELT and Ericsson. Moreover SDCCH FER performance from AEG is reported.
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Figure 1: BLER vs. C/l for GPRS/CS-1, CS-2, CS-3 and CS-4 in TU50 ideal FH.
SDCCH FER performance is reported as a reference for GPRS/CS-1 performance

Figure 2 reports BLER versus C/l in TU3 no FH.
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Figure 2: BLER vs. C/l for GPRS/CS-1, CS-2, CS-3 and CS-4in TU3 no FH

K.4 Conclusions

CSELT and Ericsson results are similar for all the 4 coding schemes and may be assumed as a basis for specifying the
reference valuesin GSM 05.05. For CS-1 the results are very similar and there is also a good alignment with SDCCH
FER results provided by AEG, especially at BLER = 10%, which is the proposed reference performance value.
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Annex L:

Proposal on how to report GPRS performance into

GSM 05.05

ETSI STC SMG2 WPB Tdoc SMG2 WPB 48/97

Meeting no 1 Agenda Item 6.1
Edinburgh, Scotland
22 - 26 September 1997

Title: Proposal on how to report GPRS performanceinto GSM 05.05
Source: CSELT

L.1 Introduction

The present document reports GPRS Block Erasure Rate (BLER) performance and throughput anal yses obtained by
simulations for GPRS/CS-1, CS-2, CS-3 and CS-4 coding schemes, in order to provide reference performancein
GSM 05.05. The considered propagation models are TU50 ideal FH and TU3 no FH.

L.2 GPRS BLER performance

Figures 1 and 2 show the BLER performance for CS-1 to CS-4 in TU50 ideal FH and TU3 no FH, in the presence of co-
channel interference. These curves have been obtained with the following assumptions:

- TU50ideal FH and TU3 no FH propagation models, as defined in GSM05.05.
In case of ideal FH, independent fadings over consecutive bursts are assumed
- Varying fading during one burst.
- Onesingleinterfering signal.
- Eb/No =28 dB (according to GSM 05.05).
- Noantennadiversity.
- Burst synchronisation recovery based on the cross-correlation properties of the training sequence.
- Soft output equaliser.

- Channel decoding (for CS-1, performance includes Fire decoding and correction; for CS-2, CS-3 and CS-4, CRC
are used for detection only).

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 146 ETSI TR 145 050 V14.0.0 (2017-04)

1.00E+00 — . =
~ = [ Y
N ~ ~
~ <=
1.00E-01 \\ — =
\\\ ~ < Ly
\\ ~
N
N ~
N .
1.00E-02 =
[ad AN
w AN N\ -
— \\ AN
m \ X AN
1.00E-03 S > :
\\
N\ 0y
—cs-1 \C
— —Ccs-2 N N
1.00E-04 ---Ccs3
— - Ccs4
1.00E-05 '
0 5 10 15 20 25
C/l [dB]
Figure 1: BLER vs. C/l¢, TU50 ideal FH
1.00E+00
e ——
T =
-~ . ~.
~-., -~ —
Sl e
1.00E-01 —_—
\\ = .
SN N
SN S 5.
N ~ 5. <
N -
m \ N ! hE N
W 1.00E-02 ~
N
m NS
N\
\\ ~ N
—cCs-1 \
1.00E-03 — TCs2 ~
---Cs3
—- Ccs4
1.00E-04
0 5 10 15 20 25
C/l [dB]

Figure 2. BLER vs. C/l¢, TU3 no FH

L.3  GPRS throughput analyses

Throughput performance has been evaluated for CS-1 to CS-4 versus C/l with the following assumptions:
- GPRSMAC/RLC protocal.

- C/l distribution: log-normal with variable mean value and standard deviation of 7 dB.
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- Traffic Model: Poisson distribution of the packet inter-arrival time and packet length distributed according to
the Railway traffic model.

- Single-dot MSs.
- A single PDCH dedicated to data traffic.

- Up-link performance.

L.3.1 TUS50 ideal FH

Figure 3 shows the throughput vs. C/l. curvesin the case of TU50 ideal FH. It isalso indicated the C/lc value at
BLER=10% for each coding scheme.
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Figure 3: Throughput vs. C/l;, TU50 ideal FH. Each cross corresponds to a BLER=10%

Figure 4 showsthe BLER vs. C/l. curves for each coding schemein the case of TU50 ided FH. Arrows show for which
range of C/I values each coding scheme provides the highest throughput: for instance, CS-1 has the best performance
for C/l lower than 7,5 dB, and CS-2 has the highest throughput for 7,5 dB < C/l < 10 dB.
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Figure 4: BLER vs. C/I;, TU50 ideal FH. Arrows indicate the highest throughput ranges
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Figure 5 shows the throughput performance in the case of TU3 no FH. It isaso indicated the C/l; value at BLER=10%

for each coding scheme.
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Figure 5: Throughput vs. C/l, TU3 no FH. Each cross corresponds to a BLER=10%

L.4  Proposals for GPRS performance in GSM 05.05

L.4.1 TUSO0 ideal FH

Hereunder two alternatives have been considered for TU50 ideal FH (2 dB implementation margin has been taken into

account to specify the C/l¢ values):

1) Variable BLER (figure 4).

In this case the coding schemes are evaluated for different reference BLER values, corresponding to the ranges of the

highest throughpui.

Coding scheme BLER - C/l¢
CS-1 8,5% -9.5dB
CS-2 35% - 9.5 dB
Cs-3 32%-12 dB
CS4 10% - 23 dB

2) Fixed BLER (figure 3).

In this case, the coding schemes are evaluated for afixed BLER reference value (BLER=10%), in order to try to

maxi mise the throughput performance.
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Coding scheme C/lc at BLER=10%
Cs-1 9dB
CS-2 13,8 dB
CS-3 16 dB
CS-4 23 dB

L.4.2 TuU3noFH

Asfar asTU3 no FH is considered, the throughput analysis has shown that option 2) should be considered. A BLER
reference value egual to 10% <till represents a good trade-off, in order to try to maximise the throughput performance.

- Fixed BLER (figure 5).

Coding scheme Cllc at BLER=10%
CSs-1 13 dB
CS-2 15dB
CS-3 16 dB
CS-4 19,3dB

L.5 Conclusions

Based on the presented results, a BLER reference value equal to 10% for all the coding schemesis proposed, in order to
specify performance in GSM 05.05. An implementation margin equal to 2 dB has been taken into account in the
proposed C/l values.
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Annex M:
GPRS simulation results in TU 3 and TU 50 no FH
ETSI STC SMG2 WPB#2 Tdoc SMG2 WPB 99/97

Bonn 3-7 November 1997
Title: GPRS simulation resultsin TU 3 and TU 50 no FH
Source: GIE CEGETEL

M.1 Introduction

The present document presents the performances of the 4 GPRS coding schemes on the GSM radio interface. The
performancesin terms of BLER and throughput as a function of the C/I are provided to SMG2 WPB for information.

M.2  Simulation Model

The conditionsfor the simulationsare:
- TU3and TU50 propagation models as defined in GSM 05.05 (without frequency hopping for both models).

- onesingleinterferer experiencing the same propagation conditions as the wanted signal with independent fading
on the two channels.

Varying fading during one burst:
- noise floor such that Eb/No = 26 dB.
- soft output equaliser.

The results are obtained by processing 40 000 radio blocks for each coding scheme which represents a transfer duration
of about 13 minutes. At the end of the simulation afile containing the Block Error Pattern is generated.

Below, the C/I giving aBLER of 10 are presented for information.

Interference ratio at Reference performance.

Type of channel Tu3 (no FH) Tu50 (no FH)
CS1 13,5dB 10,5dB
CS2 15,5dB 13,5dB
CS3 17,5dB 16 dB
Cs4 20 dB 24 dB

- C/l for aBLER = 10 (including the implementation margin of 2 dB).

These results are aligned with the results presented by Lucent, CSELT and Ericsson. Simulations were a so ran without
the co-channel interferer considering white noise as the perturbation. These simulations were ran to find the sensitivity
level at the reference performance (BLER = 101).

Sensitivity level (for normal BTS) at reference performance.
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Type of channel Tu50 (no FH)
Cs1 -103 dBm
CS2 -100,5 dBm
CS3 -98 dBm
Cs4 -90,7 dBm

- digna strength needed for aBLER = 10,

Performancesin TU 3 with a co-channel interferer

Performances of the 4 GPRS coding schemes in TU 3km/h no FH
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M.3  Maximum GPRS throughput

In this section, the methodology used to measure the throughput is presented. The GPRS MAC/RLC protocol was
implemented according to GSM 03.64 [1] and Tdoc 175/97 [3]. The maximum throughput achievable at agiven C/l is
mesasured for each coding scheme. Therefore the traffic load is not considered in the simul ations. Furthermore PRACH
and PAGCH are always considered correctly decoded.

- the MSisaways sending RLC blocks and there is always enough free radio resources to initiate the transfer (the
intracell traffic is not considered).

Same C/1 on uplink and downlink:
- theresponse time between the MS - BSSis2 TDMA frames.
Thetimer T11 (Wait for Acknowledgement) is set to 100 msasin[2]:

- when T11lisreset, the M S releases the connection then initiates a new procedure for random access. The time
elapsed from the release of the resource and reception of the new Ack/Nack is set to 180 msincluding.

- transmission of PRACH.

- reception of PAGCH from the network.

- transmission of a RLC block with the old TFI.

- reception of the missing Ack/Nack from the network.

Performancesin TU 3 with a co-channel interferer.

maximum throughput in TU 3km/h no FH

débit en koctet/s
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——CS3
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3dB 7dB 11dB 15dB 19dB 23dB 27dB

Performancesin TU 50 with a co-channel interferer.
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maximum throughput in TU 50 no FH
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M.4  Conclusion

BLER and throughput performances are analysed in the present document for TU3 and TU50 environments (no FH).
The throughput curves give the upper bound of each coding scheme at a given C/l.

M.5 References

[1] SMG2 GPRS Tdoc 175/97 (January 1997): "GPRS RLC/MAC Temporary Block Flow
Procedures*, Ericsson.

2] SMG2 GPRS Tdoc 218/97 (February 1997): "Evaluation of Channel Coding Schemes CS2 and
C4", CSELT.
[3] GSM 03.64 (1997): "General Packet Radio Service (GPRS); Overall description of the GPRS

radio interface; Stage 2".
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Annex N:
C/lc and Ew/No Radio Performance for the GPRS Coding
Schemes

ETSI STC SMG2 WPB TDoc SMG2 WPB 100/97

Meeting no 2 Agenda Item 6.1
Bonn, Germany
3 - 7 November 1997

Title: C/lc and En/No Radio Performance for the GPRS Coding Schemes
Source: CSELT

N.1 Introduction

The present document reports C/l radio performance for the GPRS coding schemesin propagation models for both
GSM900 (TU50 no FH, RA250 no FH) and DCS1800 (TU50 no FH, TUS0 ideal FH), in order to provide reference
performance in GSM 05.05. Moreover, Ex/No performance are reported, in the range around 10% for BLER.

N.2 C/I simulation results

The following figures show BLER vs. C/I. performance for CS-1 to CS-4 in different propagation models. These curves
have been obtained with the same assumptions reported in [1, 2, 3].

TU50 no FH GSM 900 C/I
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Figure 1: BLER vs. C/lc, TU50 no FH, GSM900
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Figure 4: BLER vs. C/l, RA250 no FH, GSM900
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N.3  Ew/No performance

The following figures show BLER vs. Ex/No performance for CS-1 to CS-4 in different propagation models.
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Figure 6: BLER vs. Ex/No, RA250 no FH, GSM900
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STATIC

1.00E+00 == = ,
1.00E-01 == —=
1.00E-02 £= —t _
1.00E-03 |~ CS-1 (CSELT) _

F|— —Cs-2 (CSELT) | E

F---css@EseLny1--F---4---—-"---"14----- -
1.00E-04 +H——CS4(CSELT) I ,

-3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12

Eb/No (dB)

Figure 9: BLER vs. Eu/No, static

ETSI

ETSI TR 145 050 V14.0.0 (2017-04)



3GPP TR 45.050 version 14.0.0 Release 14 158 ETSI TR 145 050 V14.0.0 (2017-04)

N.4 Conclusions

Based on the reported simulations results, the input signal level and the interference ratio can be derived at the reference
BLER performance of 10% and they are included in [4] by adding a 2 dB implementation margin. At the specified
reference performance our results do not allow for a specification of the input level in the case of CS-4 in GSM900
RA250 no FH (and as a consequence in DCS1800 RA130 no FH). The same applies for the interferenceratio in
GSM900 RA250 no FH (and DCS1800 RA130 no FH). Before taking a decision on how to deal with that, we
encourage other companies to provide simulation results in the same conditions in order to check if the same problem
ocCurs.
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Annex P:
Block Error Rate and USF Error Rate for GPRS
ETSI STC SMG2 WPB TDoc SMG2 WPB 127/97

November 3-7, 1997
Bonn, Germany
Title: Block Error Rate and USF Error Rate for GPRS

Source: Ericsson

P.1 Introduction

BLER (Block Error Rate) and USF (Uplink State Flag) error rate for GPRS are presented for different channel
assumptions. Simulations have been performed for all reference environments defined in GSM 05.05 at 900 MHz..

P.2  Simulation Assumptions

Assumptions used in the simulations are:
- Varying channel during each burst according to the velocity.
Interference simulations:. Interference from one single interferer, En/ Ng=28 dB:
- Noantennadiversity.
- Synchronization on burst basis.
- 16-state soft output ML SE-equalizer.
- Channel coding according to GSM 03.64.

For CS-2, CS-3 and CS-4, decoding of USF is performed by soft correlation with the eight possible 12-bit codewords.
For CS-1, USF error is detected after normal decoding of the convolutional code. This means that the performance for
the USF isequal for CS-2, CS-3 and CS-4. For CS-1 a dlightly worse performance is achieved but it is still significantly
better than the corresponding BLER.
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P.3 Simulation Results

P.3.1 Interference Simulations

P.3.1.1 TUS5O0 Ideal Frequency Hopping
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Figure 1. BLER for TU50 ideal frequency hopping
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Figure 2: USF performance for TU50 ideal frequency hopping
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P.3.1.2 TUS50 No Frequency Hopping
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Figure 4: USF performance for TU50 no frequency hopping
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P.3.1.3 TU3 Ideal Frequency Hopping
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Figure 6: USF performance for TU3 ideal frequency hopping
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P.3.1.4 TU3 No Frequency Hopping
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Figure 7: BLER for TU3 no frequency hopping
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Figure 8: USF performance for TU3 no frequency hopping
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P.3.1.5 RA250 No Frequency Hopping
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Figure 10: USF performance for RA250 no frequency hopping
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P.3.2 Sensitivity Simulations

P.3.2.1 TUS5O0 Ideal Frequency Hopping
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Figure 12: USF performance for TU50 ideal frequency hopping
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P.3.2.2 TUS50 No Frequency Hopping
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Figure 14: USF performance for TU50 no frequency hopping
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P.3.2.3 HT100 No Frequency Hopping
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Figure 16: USF performance for HT100 no frequency hopping
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P.3.2.4 RA250 No Frequency Hopping

USF Block Error Rate

Block Error Rate, BLER
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Figure 18: USF performance for RA250 no frequency hopping
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P.3.2.5 Static Channel
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Figure 20: USF performance for static channel
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Annex Q:

Block Error Rate and USF Error Rate for GPRS, 1800 MHz
ETSI STC SMG2 TDoc SMG2 374/97
Meeting no 24

Cork, Ireland Agendaitem 5.2.3

1 - 5 December 1997
Title: Block Error Rate and USF Error Rate for GPRS, 1800 MHz

Source: Ericsson

Q.1 Introduction

BLER (Block Error Rate) and USF (Uplink State Flag) error rate for GPRS are presented for different channel
assumptions. Simulations have been performed for 1 800 MHz for those reference environments defined in GSM 05.05
that can not be derived from the 900 MHz simulations.

Q.2  Simulation Assumptions

Assumptions used in the simulations are (the same as for 900 MHz):
- Varying channel during each burst according to the velocity.
Interference simulations: Interference from one single interferer, Ex/ No=28 dB
- No antennadiversity.
- Synchronization on burst basis.
- 16-state soft output ML SE-equalizer.
- Channel coding according to GSM 03.64.

For CS-2, CS-3 and CS-4, decoding of USF is performed by soft correlation with the eight possible 12-bit codewords.
For CS-1, USF error is detected after normal decoding of the convolutional code. This means that the performance for
the USF isequal for CS-2, CS-3 and CS-4. For CS-1 adlightly worse performance is achieved but it is still significantly
better than the corresponding BLER.
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Q.3 Simulation Results

Q.3.1 Interference Simulations, 1 800 MHz

Q.3.1.2 TU50, Ideal Frequency Hopping
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Figure 21: BLER for TU50 ideal frequency hopping, 1 800 MHz

0
10 T T T T T T T

_— CS-1 (conv decoded)
--- CS-2, CS-3, CS-4 (block decoded)

USF Block Error Rate

10'4 L I 1 I I I I |
2 4 6 8 10 12 14 16 18 20

C/i [dB]

Figure 22: USF performance for TU50 ideal frequency hopping, 1 800 MHz
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Q.3.1.3 TU50 No Frequency Hopping
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Figure 23: BLER for TU50, no frequency hopping, 1 800 MHz
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Figure 24: USF performance for TU50, no frequency hopping, 1 800 MHz
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Q.3.2 Sensitivity Simulations, 1800 MHz

Q.3.2.1 TUS50 Ideal Frequency Hopping
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Figure 25: BLER for TU50 ideal frequency hopping, 1 800 MHz
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Figure 26: USF performance for TU50 ideal frequency hopping, 1 800 MHz
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Q.3.2.2 TU50 No Frequency Hopping
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Q.3.2.3 HT100 No Frequency Hopping
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Figure 29: BLER for HT100 no frequency hopping, 1 800 MHz
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Annex R:

Pico BTS RF Scenarios

SMG2 Tdoc 177/98

Source: SMG2

(update SMG2 33/97, 113/97, 155/98, WPB188/98 including 153/98, 154/98, 179/98)
Pico BTS RF Scenarios

R.1 Introduction

When radios are mounted on a wall within a building the mobile users can get alot closer to the antennathanin a
conventional cell site. This changes a number of the basic radio parameters, such as receiver blocking, transmit
wideband noise, and frequency accuracy.

The calculations in the present document are based on the Scenarios and calculationsin annex A of GSM 05.50 that
specify the scenarios for DCS1800 systems.

R.2  Fixed parameters

This clause reviews the parameters that will be used later in the document to define the scenarios.
From GSM 05.05
For 900 MHz
MS output power class = 4 (only handhelds within the building)
MS output power = +33 dBm
MS output power in 30 kHz for wideband noise calculations = +25 dBm
For 1800 MHz
MS output power class=1
MS output power = +30 dBm
MS output power in 30 kHz for wideband noise calculations = +22 dBm

MS transmit spectrum due modulation and wideband noise (dBc)

Mobile Bandwidth 30 kHz 100 kHz
MHz 100 200 250 400 > 1 800 1 800 < 3 000 3000 < 6 000 > 6 000
900 +0,5 -30 -33 -60 -63 -65 -71
1800 +0,5 -30 -33 -60 -65 -65 -73
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MS receiver reference sensitivity:
900 MHz =-102 dBm
1800 MHz =-102 dBm
MS blocking level <3 MHz
900 MHz =-23dBm
1800 MHz = -26 dBm
From Previous papers SMG2 Tdoc 32/97.
Minimum coupling loss (MCL):
900 MHz =34 dB
1800 MHz =40dB
C/(I + N) = 9 dB for reference sensitivity performance
Conversion from peak power in 200 kHz to average power in 30 kHz = 8 dB
Conversion from noise power in 100 kHz to 200 kHz = 3 dB
Multiple interference margin 2 carriers case (MIM) = - 3dB
Multiple interference margin 4 carriers case (MIM) = -6dB
MS margin (MSM) - 10 dB
MS margin for 10% affected mobiles (MSM) -15dB (Tdoc SMG2 32/97)
Others

Antenna gain of the mobile and BTSisincorporated into the MCL ; therefore all measurements are referenced to the
antenna ports.

MS transmit spectrum due modulation and wideband noise (dBm) when mobileis transmitting at full power.

Mobile Bandwidth 30 kHz 100 kHz
MHz 100 200 250 400 > 1 800 1 800 < 3 000 3 000 < 6 000 > 6 000
900 +25 -5 -8 -35 -38 -40 -46
1 800 +22 -8 -11 -38 -43 -43 -51

TRANSMITTER CHARACTERISTICS

R.3 Maximum BTS Output Power

Based upon the calculationsin SMG 2 TDoc 144/92 the maximum output power from an in-building cell is:
P =MSblocking level + MCL - MIM + MSM

At 900 MHz:
P=-23+34-3+10=+18dBm

At 1800 MHz:
P=-26+40-3+10=+21dBm
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Based upon calculationsin SMG2 Tdoc 144/92, an MSM margin corresponding to 10% of affected mobiles can be
tolerated according to measurements presented in SMG2 Tdoc 32/97 this corresponds to an MSM value of 15dB ina
picocell.

At 900 MHz:
P=-23+34-3+15=+23dBm

At 1 800 MHz:
P=-26+40-3+15=+26dBm

It was suggested during SMG2 #21 that picocells should not necessarily be restricted to 2 carriers particularly for
DCS1800. Correspondingly, values of multiple interferer margin for 4-carrier scenarios should be considered. That is
MIM = 6 dB. Using these values in the calcul ations above gives.

At 900 MHz:
P=-23+34-6+15=+20dBm
At 1800 MHz:
P=-26+40-6+ 15=+23dBm

It is suggested that the values nominal maximum output power levels of 20 dBm (13 - 20 dBm + 2 dB) and 23 dBm
(16 - 23 dBm + 2 dB) are chosen as this yields greatest flexibility of deployment and manufacture for the proposed
pico-BTS class.

The lower value of power for 900 MHz is derived from (18 dBm - 5 dB) and that for 1 800 MHz from (21 dBm - 5 dB)
following the first scenario calculation, the higher value is derived from the last scenario cal culation above.

R.4  BTS Receiver Sensitivity

R.4.1 Balanced link (zero interference scenario)

To match the up and down links the maximum receiver reference sensitivity at the BTS, BTS sensBL, is:
BTSsensBL = M S output power - max. path loss.
max. path loss = BTS output power - MSref. sens.
At 900 MHz:
BTSsensBL =33 - (+ 20 - 102) = -89 dBm
At 1800 MHz:
BTSref. sens. = 30 - (+23 - 102) =-95dBm

R.4.2 Interferer at MCL scenario

However, using an other argument from SMG 2 TDoc 144/92 that the BT S receiver noise floor will be dominated by
another mobile's wideband noise when it is at MCL, the sensitivity in this scenario, BTS sensMCL, is:

BTS sens MCL = M S wideband noise (in 200 kHz) - MCL + C/N

M S wideband noise (in 200 kHz) = M S output power in 30 kHz - noise (dBc/100 kHz) + conversion factor (100 kHz ->
200 kHz).

At 900 MHz:
BTSsensMCL =(25-71+3)-34+9=-68dBm
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At 1800 MHz:
BTSref. sens. = (22- 73+ 3) - 40 + 9 = -79 dBm

R.4.3 Power control (zero interference scenario)

So we have a choice of receiver sensitivities based upon a balanced link budget with maximum cell radius or on one of
the possible scenarios (an uncoordinated mobile at MCL). To choose between them we can assume that an operator will
want the cell radius to stay constant under all conditions, but that the mobile should be operating at minimum output
power. Here we have to use the second set of figures but increase the sensitivity by the amount of power control
required. For a phase 1 mobile the power control range is 20 dB. Therefore the maximum required sensitivity when
power control is employed, BTS sensPC, is:

At 900 MHz:

BTS sens PC = -68 - 20 = -88 dBm (-89dBm, subclause R.4.1)
At 1800 MHz

BTS sens PC = -79 - 20 = -99 dBm(-95dBm, subclause R.4.1)

R.4.4 Sensitivity overview

At 900 MHz the value in subclause 2.2.3 above is 1 dB lower than that calculated in subclause R.4.1 for an MCL of 34
dB so we choose -88 dBm sensitivity.

At 1800MHz the value in 2.2.3 above is 4dB higher than that calculated in subclause R.4.1 for an MCL of 34dB so we
choose -95dBm sensitivity.

Subclause R.4.3 shows that a pico-BTS with a high sensitivity will be able to make use of MS power control when in-
band noise from an uncoordinated interferer at MCL is not the limiting scenario.

R.5 BTS Power Control Range

The minimum BTS output power is derived from balancing the link budget for the maximum permitted path loss. The
appropriate value of sensitivity to use calculating the maximum path lossis for the case when an uncoordinated MSis
closeto the BTS. Choice of any other value would imply a cell area that would vary depending on the presence of close
ininterferers.

Min. BTS power = MSref. sens. + max. path loss

max. path loss= M S output power - BTS sens MCL

At 900 MHz:

Min BTS power = -102 + (33 - 68) = -1 dBm (range 20-1 = 21 dB)
At 1800 MHz:

Min BTS power =-102 + (30 - 79) = 7 dBm (range 23-9 = 16 dBm)

R.6  BTS Spectrum due to modulation and wideband
noise

The BTS wideband noise has to be reduced to alevel, which will not degrade receiver performance of an uncoordinated
mobile at MCL. Using the formulafor the small cell environments (SMG2 TDoc 63/92) with MSM given in SMG2
TDoc 144/92.
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Wideband noise >= 1,8 MHz = MSrref. sens. + MSM + C/N + MIM + MCL + conversion factor (200 kHz -> 100 kHz)
At 900 MHz:

Wideband noise=-102 + 15-9-3+ 34 +-3=-68 dBm
At 1800 MHz:

Wideband noise =-102 + 15- 9- 6 + 40 + -3 =-65dBm

At 900 MHz it is suggested we choose -68 dBm and at 1800MHz -65 dBm. These values correspond to spectrum due to
modulation with respect to 30 kHz on carrier of:

Spectrum due to modn = - [max BTS power] +[200 - 30 kHz conversion] + [max wideband noisein dBm|
At 900 MHz:

Spectrum due to modn =-20 + 8 - 68 =-80 dB
At 1 800MHz:

Spectrum due to modn =-23 + 8 - 65 =-80 dB

These values represent atightening of the valuesin GSM 05.05, subclause 4.2.1, in comparison with other BTS classes.
It is suggested that a compromise between the val ues suggested by the scenario and equipment complexity
considerations be adopted.

The pico-BTS noise specifications should be tightened with respect to the micro BTS classes for offsets beyond
6 000 kHz up to the limits for the normal BTS. For offsets> 1 800 < 6 000 the existing tightening of the micro BTS
noi se spec with respect to the normal BTS should not be exceeded.

> 1800 < 6000 > 6000
9 00 MHz -65dBm ....-58 dBm |-70dBc [-75 dBm .... -68 dBm -80 dBc
1800 MHz ([-68dBm ....-61dBm (-76 dBc |-72 dBm .... -65 dBm -80 dBc

R.7  Spurious Emissions

Spurious emissions should remain the same at -36 dBm. The only exception is the transmit noise in the receive band.
The scenario used in GSM 05.05 assumes 30 dB isolation between Tx and Rx. This scenario represents self-interference
and so the higher sensitivity values from subclause R.4.3 is used.

Noisein receive band = [BTS SensBL]. - C/N - MIM + [coupling loss]
At 900 MHz:

Noiseinreceive band =-88-9-3+ 30=-70dBm
At 1 800 MHz:

Noiseinreceive band =-95-9-6+ 30=-80dBm

At 900 MHz it is suggested we choose -70 dBm and at 1 800 MHz that we choose -80 dBm.

R.8 Radio Frequency Tolerance

In the present system the mobile has to be designed to work with a Doppler shift caused by speeds up to 250 km/h at
900 MHz, and 130 km/h at 1800 MHz. This corresponds to a frequency offset of around 250 Hz in both cases.

Within a building the fastest a mobile would be expected to move at would be 10 km/m, corresponding to an offset of
10 Hz at 900 MHz, or 20 Hz at 1800 MHz. Therefore the absolute frequency tolerance can be reduced for the BTS.
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At present the limit is 0,05 ppm, 45 Hz at 900 MHz, 90 Hz at 1 800 MHz. Taking the 1800 MHz case, the mobile can
successfully decode signals with a 250 + 90 Hz offset at present = 340 Hz. The new requirement is (20 + frequency
error) hence the new maximum frequency error is;

frequency error = present decode offset - new max. Doppler
At 900 MHz:

frequency error = 295 - 10 = 285 Hz = 0,32 ppm
At 1 800 MHz:

frequency error = 340 - 20 = 320 Hz = 0,18 ppm

The discussion at SMG2 #21 on relaxation of the radio frequency tolerance criterion suggested that the above relaxation
may cause some problems with mobiles. A compromise value was suggested:

At 900 MHz and 1 800 MHz frequency error = 0,1 ppm
RECEIVER CHARACTERISTICS

R.9 Blocking Characteristics

The fundamental property of the radio being tested is the dynamic range. The upper limit is defined by the maximum
power received from a mobile operating at MCL and the lower limit is the minimum signal level that must be received
from a wanted mobile to meet the reference sensitivity requirement. In this scenario it is the wideband noise from the
uncoordinated mobile that defines that lower limit.

From SMG2 TDoc 104/92 the highest level expected at the BT S receiver from an uncoordinated mobile will be:
BTSblocking level = MS power - MCL
At 900 MHz:
BTSblocking level =33-34=-1dBm
At 1800 MHz:
BTSblocking level =30-40=-10dBm
From SMG2 TDoc 63/92 the lower level is calculated to be:
[BTS on channel wanted signal during blocking] = [MS wideband noise in 200 kHz] - MCL + C/N
Where fo = wanted signal and f = interfering signal.
At 900 MHz, BTS on channel wanted signal during blocking:

(0,6 MHz < [f-fo| < 0,8 MH2)

(-35 + 8) - 34 + 9= -52 dBm

(0,8 MHz < [f-fo| < 1,6 MH2) (-35+8) - 34+ 9= -52dBm

(1,6 MHz < [f-fo] < 3 MHz)

(-38 + 3) - 34 + 9= -60 dBm

(3 MHz < [f-fo])

(-46+3)-34+9=-68dBm
At 1 800 MHz, BTS on channel wanted signal during blocking:

(0,6 MHz < |f-fo] < 0,8 MH2)

(-38+8) - 40+ 9= -61 dBm

(0,8 MHz < [f-fo| < 1,6 MHz)

(-38+8) - 40+ 9=-61dBm

(1,6 MHz < [f-fo] < 3 MH2) (-43+3)-40+9=-71dBm

(3 MHz < [f-fol) = (51+3)-40+9=-79dBm
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Hence the dynamic range requirements are:
dynamic range = (max. power from uncord. MS) - (BTS wanted signal during blocking)

The use of dynamic range is taken from the microcell scenariosin annex C of GSM 05.05, Tdoc 144/92.

Dynamic range 0.6<|f-fo|<0.8 | 0.6<|f-fo]<1.6 1.6<|f-fo] <3 3 MHz < |f-fo|
900 MHz 51 51 59 67
1800 MHz 51 51 61 69

GSM 05.05 specifies the blocking in a different manner. Instead of leaving the blocker at the same level and changing
the level of the wanted signal, it leaves the wanted signal at a fixed point (3 dB above sensitivity) and changes the level
of the blocker. Maintaining the same dynamic range, atranslation can be performed to present the figuresin asimilar
format.

GSM 05.05 defined BTS blocking level = (ref. sens. + 3 dB) + dynamic range
For afixed wanted signal at 3 dB above reference sensitivity.
At 900 MHz:

wanted signal =-88 + 3=-85dBm

BTSblocking level (0,6 MHz < |f-fo] < -0,8 MHZ) = -85+51=-34dBm

BTSblocking level (0,8 MHz < |f-fo] < -1,6 MHZ) = -85+51=-34dBm

BTSblocking level (1,6 MHz < [f-fo| < -3 MHZ) = -85+59=-26dBm

BTSblocking level (< 3 MHz < [f-fo] <) = -85+67=-18dBm
At 1800 MHz:

wanted signal =-95+ 3=-92dBm
BTSblocking level (0,6 MHz < [f-fo|<-0,8 MHz) = -92+51=-41dBm
BTSblocking level (0,8 MHz < [f-fo] <-1,6 MHZ2) = -92+51=-41dBm

BTSblocking level (1,6 MHz < |f-fo] < -3 MHZ2) -92 + 61 =-31dBm

BTSblocking level (3 MHz < [f-fo) = -92+69=-23dBm

Blocking 0.6<|f-fo]<0.8 | 0.6<|f-fo]<1.6 | 1.6<|f-fo]<3 3 MHz < |f-fo|
900 MHz -34 -34 -26 -18
1800 MHz -41 -41 -31 -23

R.10 pico- BTS AM suppression characteristics

Tdoc SMG2 246/94 from V odafone examined in detail the test scenarios for AM suppression. These needed to be
adjusted to permit a measurement to be made with out co-channel components from the test corrupting the result.
Following the logic of the Tdoc and using the values of BTS power, MCL and multiple interferer margin we can get to
the following. The original argument for pico-BTS was presented in Tdoc 154/98. Negative numbersin () indicate
where the scenario fails, +ve indicate where it is exceeded.
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R.10.1 Modulation sidebands

R.10.1.1 Uncoordinated BTS->MS

Max noise level alowed in MS Rx BW for no interference, = [M S sensitivity] - [C/l margin] - [multiple interferers
margin] + [coupling loss]

GSM900 pico: -102-9-3+34=-80dBm.
DCS1800 pico: -102-9-6+40=-77dBm.
GSM 05.05 requirement (subclause 4.2.1, picocell modifications, > 6 MHz offset)

= [BTS Tx power] - [8 dB peak power to 30 kHz correction factor] - [spectrum due to modulation requirement] +
[100kHz to 200kHz BW correction]

GSM900: (20 - 8) - 80 + 3 = -65 dBm (-15 dB)
DCS1800: (23-8) - 80 + 3 = -62 dBm (-15 dB)

R.10.1.2 Uncoordinated MS->BTS

Max noise level alowed in BTS Rx BW for no interference, = [BTS sensitivity] - [C/l margin] + [coupling loss]
GSM900: -88-9+34=-63dBm
DCS1800: -95-9+40=-64dBm

GSM 05.05 requirement (subclause 4.2.1 > 6 MHz offset)

= [MS Tx power] - [8 dB peak power to 30 kHz BW correction factor] - [spectrum due to mod. Requirement] +
[100 kHz to 200 kHz BW correction]

GSM900: (33-8) - 71+ 3=-43dBm (-20 dB)
DCS1800: (30- 8) - 73+ 3 = -48 dBm (-16 dB)

R.10.2 Switching transients

Following the logic of Tdoc 246/94.

R.10.2.1 Uncoordinated BTS->MS

Max peak level alowed in effective Rx BW at MS for no interference, = [MS sensitivity] -[C/| margin] + [MCL] +
[transient margin]

GSM900: -102-9+ 34+ 20=-57dBm
DCS1800: -102-9+40+20=-51dBm
GSM 05.05 requirement (subclause 4.2.2, > 1,8 MHz offset).
GSM900: 20-80=-60dBm (+3 dB)
DCS1800: 23-80=-57dBm (+6 dB)

R.10.2.2 Uncoordinated MS->BTS

Max peak level alowed in effective Rx BW at BTS for no interference, = [BTS sensitivity] - [C/| margin] + [MCL] +
[transient margin]

GSM900: -88-9+34+20=-43dBm
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DCS1800: -95-9+40+20=-44dBm
GSM 05.05 (subclause 4.2.2, > 1,8 MHz offset),

GSM900: -36 dBm (-7 dB)

DCS1800: -36 dBm (-8 dB)

R.10.3 Blocking

R.10.3.1 Uncoordinated BTS->MS
Max blocking signal level at MSreceiver for no interference, = [BTS power] + [multiple inteferers margin] - [MCL]
GSM900: 20+3-34=-11dBm
DCS1800: 23+6-40=-11dBm
GSM 05.05 (subclause 5.1, > 3 MHz offset)
GSM900: -23 dBm (+12 dB)
DCS1800: -26 dBm (+15 dB)

R.10.3.2 Uncoordinated MS->BTS
Max blocking signal level allowed at BTS receiver for no interference, = [MS power] - MCL
GSM900: 33-34=-1dBm
DCS1800: 30-40=-10dBm
Requirement, GSM 05.05 subclause 5.1, proposed pico-BTS, > 3 MHz offset.
GSM900: -18 dBm (+17 dB)
DCS1800: -23 dBm(+13 dB)

R.10.4 The AM suppression requirement

R.10.4.1 Downlink, BTS->MS

With reference to the calculations in clause 1) the following scenario failures occur

(R.10.1.1) Maximum noise at M S due to BTS modulation sidebands fails the scenario requirement by 15 dB for
GSM900 and by 15 dBfor DCS1800.

The most significant failures of the GSM and DCS scenarios occur for BTS modulation sidebands. If we include the
MCL relaxation for interference from the BTS to its nearest M S stations of 15 dB the scenarios are passed.

R.10.4.2 Uplink, MS->BTS

With reference to the calculations in subclause R.10.1) the following scenario failures occur

(R.10.1.2) Maximum noise at BTS due to MS modulation sidebands fails the scenario requirement by 20 dB for
GSM900 and by 16 dBfor DCS1800.

(R.10.2.2) Maximum noise at BTS due to M S switching transients fails the scenario requirement by 7 dB for GSM900
and by 8 dB for DCS1800.
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The most significant failures of the GSM and DCS scenarios occur for MS modulation sidebands. The failure marginis
20 dB for GSM900 and 16 dB for DCS1800.
R.10.4.3 Interference levels

Thusfor an AM suppression test, the interferer co-channel componentsin the above scenarios based on GSM 05.05
specification limits (pico-BTS) are too high and would affect the test result. Therefore, the test signal level must be
reduced to alevel, which will not compromise the co-channel performance.

The maximum permissible interferer signal level to be used for an AM suppression test:
=[Tx power] - MCL - [scenario failure margin]

These levels are calculated in the following table. Following the argument in Tdoc SMG2 246/94, values for BTS->MS
testing do not need to be altered.

Interfering source GSM900 DCS1800
MS 33-34-20=-21 30-40-16=-26

R.11 intermodulation

R.11.1 co-ordinated and uncoordinated BTS -> MS (scenarios 2 &
3, figure 3.2 middle)
[max received level at MS1] = [BTS power] - [coupling loss BTS2 -> MS1] + [margin for other IMg]
At GSM900 =20-34+3=-11dBm
AT DCS1800 =23-40+6=-11dBm

Therequired IM attenuation in MSis for scenario 2 and for scenario 3. The GSM 05.05 subclause 5.3 ssimulates
scenario 3.

R.11.2 coordinated MS&MS -> BTS (scenario 4)

[max received level at BTS1] = [MS power] - [MS power control range] - [coupling lossMS -> BTS1] + [margin for
other IMs]

At GSM900 =33-20-34+3=-18dBm
At DCS1800 =30-20-40+6=-24dBm

R.11.3 uncoordinated MS&MS -> BTS (scenario 4, figure 3.2

lower)
[max received level at BTS1] = [MS power] - [coupling loss M S - BTS1] + [margin for other IMg]
At GSM900 =33-34+3=2dBm
At DCS1800 =30-40+6=-4dBm
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R.11.4 MCL relaxation

The worst case for BTS receiver IMsis when two M Ss approach the base, the scenario requirement is covered in
subclauses 2.2.2 and 2.2.3 of GSM 05.50 annex. The argument is reproduced above.

Following the argument in GSM 05.50 annex A, If the coupling loss between both the M Ss and the BT S increases by
1 dB thelevel of a3 order IM product will reduce by 3 dB. Thus, if the coupling loss assumption between MS and
BTSisincreased by 15dB to 50dB, the requirements become:

At 900 MHz 2-45=-43dBm
At 1800 MHz -4-45=-49dB

GSM 05.05 gives alevel of -43 dBm for 900MHz BTS and -49 dBm for 1 800 BT S for intermodulation performance.
The values above meet the GSM 05.05 scenarios.

R.12 Pico BTS TI1.5 performance requirements

The pico-BTS shall meet the static channel performance as specified in GSM 05.05. The only other radio propagation
channel that isrelevant to the performance of the pico-BTSisthe Tl 5 channel. At these speeds the GSM interleaving
process no-longer works very well. This can be seen in the existing non-hopping performance figures for the TU3
environment which are not that useful. For the performance specified in this channel to be useful for radio planning
purposes we propose to follow to some extent the approach adopted for GPRS. To allow easy comparison we suggest
the adoption of the performance figures for TU50 no FH at 900 MHz and that we specify the extra signal level and C/I
margins that are required over reference levelsin order to meet this performance in the TI5 channel.

Simulation shows that sensitivity performance is exceeded when the signal level isincreased by 3dB above reference
sensitivity.

Simulation shows that interference performance is exceeded when the carrier to interference level isincreased by 4 dB
above reference sensitivity.

R.12.1 Nominal Error Rates for Pico-BTS

The pico-BTS scenarios imply a greater chance that mobile stations will make high power RACH attempts. Therefore
it is necessary to update the NER requirements for pico-BTS. In the following we reproduce the MCL distribution table
first presented by Motorolain SMG2 32/97 and devel op atable of occurrence probability for RACH power with mobile
stations making RACH attempts at 33 dBm. The table below shows the MCL loss versus the chance of occurrence.

% of measurements | 900 MHz MCL dB | 1 800 MHz MCL dB
0,03 -33 -39
0,1 -34 -40
0,53 -36 -42
1,0 -38 -48
1,43 -39 -45
2,86 -42 -48
4,66 -45 -51
9,58 -49 -55

If we now consider amobile at MCL sending a RACH at maximum power, we can generate a table, which shows
received RACH power at the BTS versus probability of occurrence.
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% of measurements | 900 MHz RACH dBm | 1 800 MHz RACH dBm
0,03 -0 -9
0,1 -1 -10
0,53 -3 -12
1,0 -5 -14
1,43 -6 -15
2,86 -9 -18
4,66 -12 -21
9,58 -16 -25

If we take the 1% level then 99% of all full power RACH attempts by a mobile will fall below this level. We suggest
that thisisthe level at which pico-BTS NER performance should be met. Thus, we need to maintain RACH error
performance and < 10~ BER at a power level of -5 dBm at 900 MHz and at -14 dBm at 1 800 MHz.

R.13 timing and synchronisation

GSM is designed to operate in a highly dispersive macrocell environment with cell radius up to 35 km (or twice that for
extended cell) and delay spreads up to 16 microcells. The corresponding range and dispersion characteristicsin a pico-
cell environment are less than 500 m and less than 150 nano seconds respectively.

To achieve the performance specified in GSM 05.05, in a highly dispersive macro environment, GSM must achieve two
things. Firgt, the timing of the M S transmissions to the BSS must be adjusted so that they do not fall outside the guard
period of the allocated timeslot at the BSS (this prevents M S transmission causing interference in adjacent timeslots at
the BSS). Second, the GSM system must deal with significant radio frequency energy arriving at radio receiver with
delays up to 16 micro seconds.

In this section we examine possible relaxation to the timing and synchronization requirements for the pico-BTS. Inthe
case of apico-BTS with no dynamic timing advance process, we consider how the M S equalizer would cope with an
error in the timing of the transmitted signal.

The table below summarizes the timing and synchronization requirements from GSM 05.10 (V6.10).

Value GSM 05.10 reference
Synchronization between carriers +1/4 5.3
BTS signaling tolerance +1 5.6.1
BTS measurement error +1/2 5.6.3
BTS measurement error < 500 kmph +1/4 5.63
MS time base error +1/2 6.2,6.3
MS transmission tolerance +1 6.4
Max picocell BTS-MS range +1/4 (125 m)
Time slot guard period 8,25

In the following sections we need a timing advance reference point for determining the timing advance error. For this
purpose we define ideal timing alignment as that which would align the transmissions from the M S so they fall in the
middle of the BTS time dot equally dividing the guard period.

R.13.1 Steady state timing advance error

In this section we examine the steady state accuracy of the standard timing advance process.

From the figuresin the clause 13, it can be seen that the BT S has a tolerance to timing alignment errors. The MS timing
advance can vary within this window without triggering the BT S to change the signaled timing advance. In the worst
case, this timing advance tolerance window is equal to:

BTStiming tolerance = +1 (BTS signaling tolerance) £1/2 (BTS measurement error) £1/4 (BTS measurement error
<500kmph) = +1,75 bits
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R.13.2 Conventional BTS

First, consider the timing accuracy of the M S transmissions when commanded to go to a particular value of timing
advance. From the figuresin clause 13 we can estimate the worst case error as:

M transmission timing accuracy = £1/4 (synchronization between carriers) £1/2 (MStime base error) £1 (MS
transmission tolerance) = £1,75

Second, consider the BTS measurement error:
BTS measurement error = £1/2 (BTS measurement error) £1/4 (BTS measurement error < 500 kmph) = £0,75.
Tota error =+1.75+0.75=+25
Error range=5

The guard period between dotsis 8,25 bits which leaves a margin of 3,25 bitson initial timing advance setting.

R.13.3 Pico-BTS

First, consider the timing accuracy of the M S transmissions when commanded to go to a particular value of timing
advance. From the figures above we can estimate the worst case error as:

M transmission timing accuracy = £1/4 (synchronization between carriers) £1/2 (MStime base error) £1 (MS
transmission tolerance) = +1,75.

Next, if we assume that a pico-BTS chooses not to implement dynamic timing advance. In this case we can ignore the
BTS measurement error but we have to consider the maximum BTS - M S range:

pico-BTS - MS maximum range = 125m = +1/4 bits
Total error =£1,75-0+1/4 =-1,75- +2
Error range = 3,75

The guard period between dotsis 8,25 bits which leaves a margin of 5 bits on timing advance setting.

R.13.3.1 Pico-BTS relaxation

Present mobile tests require that mobiles maintain performance with shiftsin TA of 2 bits. It is suggested that the inter-
carrier synchronization be reduced to 2bit periods.

If we relax the constraint on synchronization between carriers from £1/4 to £2 hits, the error becomes:

Total error = £2 (synchronization between carriers) £1/2 (MStime base error) £1 (M S transmission tolerance) -0
+1/4 (range) =-3,5- +3,75

Error range = 7,25
The guard period between dotsis 8.25 bits which leaves a margin of 1 bit on timing advance setting.

Given thisrelaxation, in the worst case, the pico-BTS would have to maintain reference performance as specified in
GSM 05.05 while subject to atime alignment error with respect to ideal timing alignment of -3,5 - +3,75 hits.

This suggests a requirement that the pico-BTS maintain reference performance specified in GSM 05.05 with atime
alignment error referenced to ideal timing on the BT S receive timeslot of less than £4 hits.

R.13.3.2 MS impact of Pico-BTS relaxation

If the synchronization between carriersis relaxed from £1/4 to £2 bits, in the worst case, the MS would have to
maintain performance as specified in GSM 05.05 with 2 bits timing alignment with respect to ideal time alignment.
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However, MS are designed to operate in a highly dispersive environment with significant energy at delays up to
16 micro seconds (5 bits) and with a worse case static timing alignment error of +1.75 bits (Section 13.1). Thisrequires

a search window of at least 8,5 bits. Consequentially, in the near zero dispersion picocell environment, the +2 bits
timing alignment would not be a problem.
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Annex S:
CTS system scenarios
TDoc SMG2 WPB 12/99

Title: System scenario calculationsfor GSM-CTS

S.1 Introduction

SMG2 was asked to study system scenarios for GSM-CTS.

Asfor pico-BTS, CTS-FP will be operated in indoor environment, therefore indoor parameters used for pico-BTS
system scenarios (see SMG2 WPB Tdoc 188/98) are applied in the CTS system scenarios.

Whatever CTSis used in licensed or license exempt band, the CTS frequency management will be under the control of
the regulator and/or the operator on atime and geographical basis. Therefore, the CTS system scenarios have been
computed with two objectives:

- ensurethat CTS transmission offers the same guarantee of non degrading GSM receivers, including those of
non-CTS operators, as other GSM transmitters do.

- minimise the implementation cost of CTS-FP in order to allow re-use of existing GSM-M S hardware.

These scenarios give atheoretical evaluation of worst case situations. It should be kept in mind that CTS principleslike
Tota Frequency Hopping (TFH) and Beacon channel will also contribute to increase the CTS spectrum efficiency.

This goa of this study is to specify the minimum and maximum transmit power for CTS, as well as the transmission
(spectrum due to modulation and wide band noise, spurious emission) and reception (blocking, AM suppression,
intermodulation) characteristics of the CTS-FP. Performance requirements are also given in clause 4.

S.1.1 Parameter Set

S.1.1.1 Transmitter Parameter

Requirements from GSM 05.05.

GSM900 DCS1800
GSM-MS CTS-MS/FP GSM-MS  GSM-MS | CTS-MS/FP
max. TxPwr [dBm] 33 30
TxPwr [dBm] <24
spectrum mask [dBc] -60 -60 -60
400 kHz - 1,8 MHz / 30 kHz bdw
spectrum mask [dBc] -63 -60 -59
1,8 MHz - 3 MHz / 100 kHz bdw
spectrum mask [dBc] -65 -65 -59
3 MHz - 6 MHz / 100 kHz bdw
spectrum mask [dBc] -71 -73 -67
> 6 MHz / 100 kHz bdw

Preliminary assumptions for CTS: same characteristics as for a GSM-MS.
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GSM900 DCS1800
GSM-MS CTS-MS/FP GSM-MS  GSM-MS | CTS-MS/FP
max. TxPwr [dBm]
spectrum mask [dBc] -60 -60
400 kHz - 1,8 MHz / 30 kHz bdw
spectrum mask [dBc] -63 -60
1,8 MHz - 3 MHz / 100 kHz bdw
spectrum mask [dBc] -65 -65
3 MHz - 6 MHz / 100 kHz bdw
spectrum mask [dBc] -71 -73
> 6 MHz / 100 kHz bdw
S.1.1.2 Receiver Parameter
Reguirements from GSM 05.05.
GSM900 DCS1800
GSM-MS CTS-MS/FP| GSM-MS  CTS-MS/FP
reference sensitivity [dBm] -102 -102
blocking [dBm] -43 -43
600 kHz < |f-fo] < 1,6 MHz
blocking [dBm] -33 -33
1,6 MHz < |f-fo] <3 MHz
blocking [dBm] -23 -26
|f-fo] 2 3 MHz
Cl/1[dB] 9 9
Preliminary assumptions for CTS: same characteristics as for a GSM-MS.
GSM900 DCS1800
GSM-MS | CTS-MS/FP| GSM-MS  CTS-MS/FP
reference sensitivity [dBm] -102 -102
blocking [dBm] -43 -43
600 kHz < |f-fo| < 1,6 MHz
blocking [dBm] -33 -33
1.6 MHz < |f-fo] < 3 MHz
blocking [dBm] -23 -26
|f-fo] 2 3 MHz
C/1 [dB] 9 9

S.1.1.3 Minimum coupling loss values

MCL between CTS-FP and MS: 34,5dB GSM900
MCL between CTS-FP and MS: 40 dB DCS1800
These values include 3 dB body loss.
S.1.1.4 Path loss models
Pathloss indoor propagation:
L =31,5+20Ig(d) + 0,9d [dB] GSM900
L =375+ 20Ig(d) + 0,9d [dB] DCS1800

For GSM-MSs and CTS-MSs 3dB body lossis added to the pathloss in the calculations.
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S.1.1.5 Margins
Multiple interference margin (MIM) 4 interfering carriers -6 dB
Multiple interference margin (MIM) >4 interfering carriers -10 dB
MS margin (MSM) for 5% affected mobiles 10dB
MS margin (MSM) for 10% affected mobiles 15dB

S.2 Transmitter characteristics

S.2.1 Maximum CTS-FP Transmit Power limited by MS blocking

An upper limit for the maximum transmit power of the CTS-FP TxPwrma iS given, according to the calculationsin
SMG2 Tdoc 144/92 for indoor cells, by the blocking of an uncoordinated M S for:

> 3 MHz frequency separation (compare SMG2 WPB Tdoc 188/98).
This maximum TXPWr e iS:
TxPwrmax = M Sblocking level + MCL + MSM - MIM.
For GSM900:
Taking into account that the CTS-FP isaone-carrier BS and using 10 dB MSM the maximum transmit power is:
TXPWrmax [dBmM] =-23 + 34,5+ 10 = +21,5dBm GSM900

Assuming a multiple interferer condition with four CTS-FPs located around an uncoordinated GSM-MS at minimum
loss condition (6 dB MIM):

TXPW max [dBM] = -23 + 34,5+ 10 - 6 = +15,5 dBm GSM900

Considering the measurement based statistics for indoor cells of SMG2 Tdoc 32/97 which tolerates 10% affected
mobilesaMSM of 15 dB has to be used instead of 10 dB

TXPWF max [dBmM] = -23 + 34,5+ 15- 6 = +20,5dBm GSM900

For DCS1800:

Taking into account the CTS-FP as aone-carrier BS and 10dB MSM the maximum transmit power is:
TXPWrmax [dBmM] = -26 + 40 + 10 = +24 dBm DCS1800

Assuming a multiple interferer condition with four CTS-FPs |located around an uncoordinated GSM-MS at minimum
loss condition (6 dB MIM):

TXPWI max [dBM] = -26 + 40 + 10 - 6 = +18 dBm DCS1800

Considering the measurement based statistics for indoor cells of SMG2 Tdoc 32/97 which tolerates 10% affected
mobilesaMSM of 15 dB hasto be used instead of 10 dB:

TXPWrmax [dBmM] =-26 + 40 + 15- 6 = +23 dBm DCS1800

The calculated maximum transmit power levels are in the range from +15 dBm to +20 dBm for GSM 900 and from
+18 dBmto +24 dBm for DCS1800. A further requirement can be deduced from spectrum due to modulation and
wideband noise which will be considered below.
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S.2.2 Maximum CTS-FP Transmit Power limited by Spectrum due
to Modulation and WBN

Again the TxPwrma limit will be given by the requirement not to degrade the receiver performance of an uncoordinated
MS. For small cell environments (SMG2 Tdoc 63/92) the maximum allowed wideband noise in a 100kHz measurement
bandwidth for >= 1.8MHz frequency separationiis:

Wideband noise= MSréef. sens. - C/N + MCL - MIM + MSM + conv. fac. (200 -> 100 kHz)

For GSM900:
Considering the MSM from SMG2 Tdoc 32/97 and the CTS-FP as single carrier BS:

Max. wideband noise [dBm] =-102- 9+ 34,5-0+ 15- 3=-64,5dBm GSM900
For amultiple interferer situation with 4 CTS-FPs in close proximity:

Max. wideband noise [dBm] =-102-9+ 34,5- 6+ 15- 3=-70,5dBm GSM900
For DCS1800:
Considering the MSM from SMG2 Tdoc 32/97 and the CTS-FP as single carrier BS:

Max wideband noise [dBm] =-102-9+40-0+ 15- 3=-59dBm DCS1800
For amultiple interferer situation with 4 CTS-FPsin close proximity:

Max. wideband noise [dBm] =-102-9+40- 6 + 15- 3=-65dBm DCS1800

For amultiple interferer condition four active CTS-FPs using the same timedot as an interfered MS have to be located
in close proximity to the MS. This situation is very unlikely taking into account that all four CTS-FPs are not
synchronised and must all affect the one distinct timeslot used by the MS. Therefore, this situation is not considered
furthermore.

From the maximum allowed wideband noise the maximum transmit power of the CTS-FP can be calculated using the
spectrum mask val ues taken as an assumption for the CTS-FP;

TXPWrmax [dBm] = max. wideband noise - Spectrum due to modulation with respect to
30 kHz bandwidth on carrier + conv. fac. (200 kHz -> 30 kHz).

For frequency separation >= 1,8 MHz and < 3 MHz:
TXPwrmax [dBm] = -64,5 + 63 + 8 = +6,5 dBm GSM900
TXPWF max [dBm] =-59 + 59 + 8 = +8 dBm DCS1800

For frequency separation >= 3 MHz and < 6 MHz:

TXPWrmax [dBm] = -64,5+ 65+ 8 = +8,5dBm GSM900

TXPWI max [dBm] = -59 + 59 + 8 = +8 dBm DCS1800
For frequency separation > 6 MHz:

TXPWr max [dBmM] = -64,5+ 71+ 8 = +14,5 dBm GSM900

TXPWr max [dBmM] =-59 + 67 + 8 = +16 dBm DCS1800

It has to be noted that for secure coexistence of CTS and GSM no compromise has been made here for higher maximum
transmit power or lower spectrum mask requirements as for example for the pico-BTS case in SMG2 Tdoc 188/98.

Overview over all values:
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21,8 MHz <3 MHz 23 MHz < 6 MHz > 6 MHz
TXPWrmax GSM900 +6,5 dBm +8,5 dBm +14,5 dBm
TXPwrmax DCS1800 +8 dBm +8 dBm +16 dBm

S.2.3 Specification of max. CTS-FP Transmit Power and CTS-FP
Spectrum due to modulation and wide band noise

S.2.3.1 Maximum CTS-FP transmit power

In subclauses 2.1 and 2.2 requirements for the maximum transmit power of the CTS-FP for GSM 900 and DCS1800 are
given. Thisresults for GSM900 and DCS1800 are in the range from TXPwrma = +6,5 dBm up to +21,5 dBm and from
TxPwrma = +8 dBm up to +24 dBm, respectively. Of course, the choice of the TxPwrmax has to be adapted more close
to the lower limit of that range. A more clear view can be obtained by a detailed analysis of the system scenarios under
the aspect of CTS interfering GSM-BTS and GSM-MSin single interferer scenarios.

Regarding the two scenarios, blocking and spectrum due to modulation and wideband noise, this analysis shows that for
up to +13 dBm TxPwrma for GSM900 and up to +15,5 dBm TxPwrma for DCS1800 of CTS-FP and CTS-MS, the
available pathlossis only in one scenario lower than the required pathloss. This caseisa GSM-M S located indoors
close to a CTS-FP and being interfered by the spectrum due to modulation and wideband noise of the CTS-FP. For that
case the required pathloss for 1,8 MHz frequency separation is:

Min PL crsrrigsm-ms = TXPWFmax crsrp + conv. fac. (200 kHz -> 30 kHz) - ref. sens gsw-ms + C/l -
MSM - body loss - spectrum mask crsep (dBe100kHz) +
conv. fac. (100 kHz -> 200 kHz).

For GSM900:
min PL [dB] = TXPWrmax ctsep- 8+ 102+ 9-15- 3 - 63 + 3 = TXPWrmax cTsFp + 25

The following table shows the comparison of available and required pathloss (including body loss) between CTS-FP
and GSM-MS. The GSM-MS operates in a coverage limited operation receiving at sensitivity level.

TXPWrmax [dBM] 5 9 11 13
required coupling loss [dB] 33 37 39 41
available coupling loss [dB] 34.5 34.5 34.5 34.5

In order to best fulfil the coupling loss requirements, it is proposed to tighten the spectrum mask of the CTS-FP by
5dB:

proposed spectrum mask cts-Fp (dso100kHz) & 1,8 MHz frequency separation: -68 dBc GSM900

Then, the comparison of available and required pathl oss (including body loss) between CTS-FP and GSM-MS (with the
GSM-M S operating in a coverage limited operation receiving at sensitivity level) becomes.

TXPWrmax [dBM] 5 9 11 13
required coupling loss [dB] 30 32 34 36
available coupling loss [dB] 34,5 34,5 34,5 34,5

Regarding these values, we propose a maximum CTS-FP transmit power TXPwrmax of +11 dBm for GSM900.
For DCS1800:
min PL [dB] = TXPWrma crsep- 8 + 102 + 9 - 15 - 3- 59 + 3 = TXPWI max cTsFp + 29
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The following table which shows again the comparison of available and required pathloss (including body oss)
between CTS-FP and GSM-MS is made for the GSM-MS being in a coverage limited operation and receiving at
sensitivity level.

TXPwWrmax [dBm] 8 12 14 16
required coupling loss [dB] 40 44 46 48
available coupling loss [dB] 40 40 40 40

Again here, in order to best fulfil the coupling loss requirements, it is proposed to tighten the spectrum mask of the
CTSFPby 4 dB:

proposed spectrum mask crsrp (dsw100kHz) at 1,8 MHz frequency separation: -63 dBc DCS1800

Then, the comparison of available and required pathl oss (including body |oss) between CTS-FP and GSM-MS (with the
GSM-M S operating in a coverage limited operation receiving at sensitivity level) becomes.

TXPWrmax [dBM] 8 12 14 16
required coupling loss [dB] 36 40 42 44
available coupling loss [dB] 40 40 40 40

Regarding these val ues, we propose a maximum CTS-FP transmit power TXPwr max of +12 dBm for DCS1800.

S.2.3.2 Spectrum due to modulation and wide band noise

In the previous section, atightening of the spectrum mask for the CTS-FP is proposed for 1,8 MHz frequency
separation. In order to simplify the specification of the spectrum due to modulation and wide band noise, it is proposed
to consider only two frequency bands above 1,8 MHz: 1,8 - 6MHz and > 6 MHz. The resulting CT S-FP spectrum mask
is.

GSM900 DCS1800
spectrum mask [dBc] -68 -63
1,8 MHz - 6 MHz / 100 kHz bdw
spectrum mask [dBc] -71 -67
> 6 MHz / 100 kHz bdw

Below 1,8 MHz frequency separation, the existing M S spectrum due to modulation and wide band noise characteristics
shall be used for the CTS-FP specification.

Exception levels:

Exceptionsin the spectrum due to modulation and wide band noise requirements are specified today in subclause 4.2.1
i), iv) and v) of GSM 05.05. It has been calculated in subclause 2.2 the maximum allowed wide band noisein a
100 kHz measurement bandwidth; the results are:

Max. wide band noise [dBm] in a 100 kHz measurement bandwidth = -64,5 dBm GSM900
Max. wide band noise [dBm] in a 100kHz measurement bandwidth = -59 dBm DCS1800

These values have been used to calculate the maximum CT S-FP transmit power and the CTS-FP spectrum mask,
therefore it is proposed to use them as exception levels for the spectrum due to modulation and wide band noise
requirements for frequency offsets above 1.8MHz : no further requirement below -64 dBm (GSM 900) or -59 dBm
(DCS1800) is necessary.

For frequency offsets below 1.8MHz, the maximum allowed wide band noise in a 30 kHz measurement bandwidth,
derived from the maximum allowed wide band noise in a 100 kHz measurement bandwidth can be cal cul ated:

Max. wide band noise [dBm] in a 30 kHz measurement bandwidth
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= Max. wbn [dBm] in a 100 kHz measurement bw + conv. fac. (100 -> 30 kHz) =-64 - 5

=-69 dBm GSM900
Max. wide band noise [dBm] in a 30 kHz measurement bandwidth

= Max. wbn [dBm] in a 100 kHz measurement bw + conv. fac. (100 -> 30 kHz) =-59 - 5

=-64 dBm DCS1800

It is proposed to use these values as exception levels for the spectrum due to modulation and wide band noise
requirements for frequency offset below 1,8 MHz: no further requirement below -69 dBm (GSM 900) or -64 dBm
(DCS1800) is necessary.

S.2.4 Balanced link for zero interference scenario (Interferer at
MCL scenario)
The maximum pathlossis given by:
max PL = TXPwWrmax ctsrp - body loss - ref. sens.crswms
max PL [dB] = 11- 3 + 102 =110dB GSM900
max PL [dB] =12-3+102=111dB DCS1800

In SMG2 Tdoc 188/98 the receiver sensitivity for pico-BTSs is deduced under the boundary condition that the cell size
will stay constant under all conditions. However, thisis not so important in a CTS environment. Here we attach more
importance to operate at a minimum transmit power. Therefore, the receiver sensitivity of the CTS-FP should be the
same as for the CTS-MS: -102 dBm. In that case, for balanced link operation, the TXPwrma of the CTS-MSisthe same
asfor the CTS-FP:

TXPWr maxcTsms= ref. sens.crsrp + body loss + max PL
TXPWrmaxctsms =-102 + 3+ 110=11 dBm GSM900
TXPWImaxcTsms =-102 + 3+ 111 =12 dBm DCS1800

Following the outcome of the discussion in SMG2 WPB meeting in Milano, 2™ - 6" November 1998, the minimum
transmit power TXPwrmin of the CTS-FP shall be reduced in order to decrease further interference form CTS on GSM
(see subclause 2.6). However, the minimum transmit power of the CTS-M S shall be kept at +5 dBm for GSM 900 and
0 dBm for DCS1800 for practical reasons concerning implementation.

Thiswill lead to the fact that the link will be balanced for CTS-FP transmit power levels above +5 dBm for GSM 900
and 0 dBm for DCS1800. For CTS-FP transmit power levels below +5 dBm for GSM900 and 0 dBm for DCS1800 it is
acceptable that the link will not be balanced anymore in favour of interference reduction.

S.2.5 Range of Coverage for CTS:

Using the indoor pathloss law (see subclause 1.1.4) the range of coverage (maximum distance between CTS-FP and
CTS-MS dmax) can be calculated. The pathlossis given by:

PL [dB] = 31,5+ 20 log[d] + 0,9d GSM900
and
PL [dB] = 37,5+ 20 log[d] + 0,9d DCS1800
Two cases have to be distinguished, the zero interference and the MCL scenario.
For GSM900:
Zero interference scenario:

max PL [dB] = 11- 3+ 102=110dB
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=> Omex = 49,5 M
Interferer at MCL scenario:

The minimum wanted signal level Rlev for the CTS-FP is given by the spectrum due to modulation and wideband noise
of an uncoordinated GSM-MS (interferer). The receive level Rlev for 1,8 MHz frequency separation is:

Rlev = TxPwrcsm-ms + conv. fac. (200 -> 30 kHz) - spectrum maskesm-ms +
conv. fac. (100 -> 200 kHz) - MCL + C/I

Rlev [dBm] = 33- 8- 63+ 3- 34.5 + 9= -60,5dBm

The available pathloss for the CTS in that case and the corresponding maximum distance between CTS-FP and CTS
MS are:

max PL = TxPwr - Rlev - 3dB body loss

max PL [dB] = 11+ 60,5- 3 =68,5dB

=>dmax = 14,9 m
For DCS1800:
Zero interference scenario:

max PL [dB] =12-3+102=111dB
=>dmax =45m

Interferer at MCL scenario:

Again, the minimum wanted signal level Rlev for the CTS-FP is given by the spectrum due to modulation and
wideband noise of an uncoordinated GSM-MS (interferer). The receive level Rlev for 1,8 MHz frequency separationis:

Rlev = TxPwresm-ms + conv. fac. (200 -> 30 kHz) - spectrum maskesm-ms
conv. fac. (100 -> 200 kHz) - MCL + C/I

Rlev [dBm] =30 - 8- 60 + 3- 40.5 + 9 = -66,5 dBm

The available pathloss for the CTS in that case and the corresponding maximum distance between CTS-FP and CTS
MS are:

max PL = TxPwr - Rlev - 3dB body loss
max PL [dB] =12 +66,5-3=75,5dB
=>dmax = 15,6 M

For both frequency bands, GSM 900 and DCS1800, this range is reasonable for CTS applications, but it shows also
clearly that the maximum transmit power TxPwrmax specified above shall not be below +11 dBm for GSM 900
and +12 dBm for DCS1800.

S.2.6  Minimum CTS-FP transmit power

As aready mentioned above, the outcome of the discussion in SMG2 WPB meeting in Milano, 2™ - 6" November
1998, is that the minimum transmit power of the CTS-FP shall be reduced in order to decrease further interference from
CTSon GSM. The minimum transmit power of the CTS-M S shall be kept at +5 dBm for GSM 900 and O dBm for
DCS1800 to ease the implementation of CTS in the CTS-MS (no hardware changes).

The CTS-FP shall have a certain transmit power range in order to use an efficient power control on the downlink.
However, an acceptable compromise has to be found between alow minimum transmit power and the implementation
cost in the CTS-FP.

The CTS-FPisanew GSM component which is likely to re-use existing technologies which have shown effectiveness
in the past and present. In particular technologies used for the MS have some similarities to those needed for the CTS
FP and CTS-MS. Among these technol ogies are the components for the RF front end of the terminal, i.e. power
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amplification, power detection (loop back control), etc... which will be directly impacted by lower transmit power
levels.

A reasonable evolution of those components, necessary to obtain lower transmit power levels, can be achieved with the
following proposal for the power control range:

CTS-FP power control range= 20 dB.

From that value and from the maximum transmit power levels TXPwrmax crsre defined in subclause 2.3.1 it follows for
the minimum CTS-FP transmit power level TXPWryin:

TXPWr minctsFp = -9 dBm for GSM900
and

TXPWr mincTsFp = -8dBm for DCS1800

S.2.7 Power Level Distribution

For the CTS-FP power control range defined above, it can be roughly estimated which percentage of calls will be
operated with the minimum transmit power under zero interference condition. We assume that the CTS-M Ss will be
evenly distributed over the coverage range. Thisisreally aworst case with respect to the transmit power because there
will be clearly a maximum in the distances distribution of the CTS-MS more closer to the CTS-FP. However it givesa
first impression about power level distribution.

For the calculations we use the power control range of 20 dB proposed in subclause 2.6. Furthermore it is assumed that
power control optimises the transmit power to achieve areceive level of -85 dBm at the CTS-MS receiver.

GSM900:

For the assumed power control range and using the assumed spatial distribution of CTS-M Ss within the coverage range
as well asthe pathloss law defined in subclause 1.1.4, the CTS-FP transmit power level isin:

28% of the calls at the minimum transmit power level of TXPWr minctsFp =-9 dBm
DCS1800:

The minimum transmit power level for DCS1800 was defined to be -8 dBm and the maximum transmit power level
+12 dBm. For these data the CTS-FP transmit power isin:

24% of the calls at the minimum transmit power level of TXPWr minctsFp =-8 dBm

Though thisis only a very rough estimation it shows clearly that power control can reduce interference for a significant
percentage of calls. A more redlistic distances distribution will increase these figures while consideration of interference
limited situations will cause a decrease.

Nevertheless, the power control range of 20 dB for the CTS-FP seems to be reasonable with respect to implementation
and interference reduction.

S.2.8 Spurious Emission

The spurious transmission in the relevant transmit band of the CTS-FP should remain at -36 dBm measured in 30 kHz
bandwidth for an offset between 1,8 MHz and 6 MHz and in 100 kHz bandwidth for an offset larger than 6 MHz.

Within the receive band the maximum allowed power level Txlevma iS given by the receiver sensitivity and the
coupling loss. Two cases have been considered, the reception by an uncoordinated CTS-FP receiver and by an
uncoordinated pico-BTS. For the coupling loss a minimum distance of 1 m with one wall in-between (7 dB loss) or,
which is equivalent for GSM 900 and DCS1800, a distance of 2 m without wall is assumed. The corresponding losses
are 39,4 dB for GSM900 and 45,4 dB for DCS1800 (indoor path loss model from subclause 1.1.4).

Due to the fact that the CTS-PF is a one carrier base station no multiple interferer margin was considered.

Txlevmax = ref.sens. - C/I + coupling loss + conv. fac. (200 -> 100 kHz)
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1) Spurious emission received by an uncoordinated CTS-FP:
Txlevmax[dBm] =-102 - 9 + 39,4 - 3=-74,6 dBm GSM900
Txlevmax[dBmM] =-102- 9 + 45,4 - 3=-68,6 dBm DCS1800
2) Spurious emission received by an uncoordinated pico-BTS:
This caseis less stringent because of the higher receiver sensitivity level of the pico-BTS compared to a CTS-FP:
Txlevmax [dBm] =-88 - 9 + 39,4 - 3=-60,6 dBm GSM900
Txlevmax [dBm] =-95-9 + 454 - 3=-61,6 dBm DCS1800

In both cases the requirements are less stringent than for the MS->M S case which alows manufacturer alow cost re-use
of hardware components.

We propose the maximum allowed power level Txlevma in the receive band to be -75 dBm for GSM 900 and -69 dBm
for DCS1800.

S.3 Receiver characteristics

S.3.1 Blocking

Following SMG2 Tdoc 188/98 the dynamic range of the receiver is given by the maximum power received fromaMS
at MCL (upper level) and by the minimum signal level to be received from a MS to meet the reference sensitivity
requirement (lower level) ; in this case, the lower level is defined by the wideband noise of an uncoordinated MS:

dynamicrange= max. power from uncoord. MS - wanted CTS-FP receive level

during blocking = (TxPwresm-ms- MCL) - (MSwideband noisein 200 kHz - MCL + C/l)
GSM900:

dynamic range [dB] = (33 - 34) - (33 + conv.fac. (200 -> 30 kHz) - spectrum mask + conv. fac. (30 -> 200 kHz) - 34 + 9)
DCS1800:

dynamic range [dB] = (30 - 40) - (30 + conv. fac. (200 -> 30 kHz) - spectrum mask + conv. fac. (30 -> 200 kHz) - 40 + 9)

Dynamic range GSM900 DCS1800
600 kHz < |f-fo] < 800 kHz 51 51
800 kHz < |f-fo] < 1,6 MHz 51 51
1,6 MHz < |f-fo] <3 MHz 59 61
[f-fo] = 3 MHz 67 69

According to SMG2 Tdoc 188/98 this dynamic range can be transformed into GSM 05.05 blocking levels for a wanted
signal 3dB above the receiver reference sensitivity:

CTS-FP blocking level = reference sensitivity + 3 dB + dynamic range
For GSM900:
600 kHz < [f-fo| < 800 kHz: CTS-FP blocking level [dBm] =-102 + 3 + 51 = -48 dBm
800 kHz < [f-fo] < 1,6 MHz:  CTS-FP blocking level [dBm] =-102 + 3 + 51 =-48 dBm
1,6 MHz < [f-fo] < 3 MHz: CTS-FP blocking level [dBm] = -102 + 3 + 59 = -40 dBm
[f-fo] > 3MHz: CTS-FP blocking level [dBm] =-102 + 3 + 67 =-32 dBm
For DCS1800:
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600 kHz <= [f-fo] < 800 kHz: CTS-FP blocking level [dBm] =-102 + 3 + 51 = -48 dBm
800 kHz <= [f-fo]| < 1,6 MHz: CTS-FP blocking level [dBm] =-102 + 3 + 51 =-48 dBm
1,6 MHz <= [f-fol <3MHz:  CTS-FP blocking level [dBm] =-102 + 3+ 61 =-38 dBm
[f-fo] >= 3 MHz: CTS-FP blocking level [dBm] =-102 + 3 + 69 = -30 dBm

For GSM900 and DCS1800 these values are between 2 dB and 9 dB less stringent than the M S blocking levels.
However, we propose hot to loosen the blocking requirement of the CTS-FP in order to keep a similar hardware for the
CTSFP and CTS-MS; the assumptionsfor blocking in subclause 1.1.2 ar e ther efore justified.

S.3.2 AM suppression

GSM-CTSisbasicaly very similar to apico BTS environment. In order to allow a direct comparison with pico BTS
scenarios, this chapter is made analog to the argumentation in SMG2 WBP Tdoc 188/98. There it is shown that,
especially for the for AM suppression test scenarios, precautions have to be made in order to prevent other interference
mechanismsto falsify the measurement results. For the test scenarios no MSM margin must be applied. First of all these
interference mechanisms will be investigated.
S.3.2.1 Spectrum due to modulation
a) uncoordinated MS-> CTS-FP
The maximum allowed noise level at the interferer siteis:
Rl€&Vmax noiseat Fp = CTS-FP ref. sensitivity - C/l + MCL
Thisleadsto
Rl&Vmax noiseat FP[B] = -102 - 9 + 34.5 = -76,5 dBm GSM900
and
Rl€&Vmax noiseat FP[dB] = -102 - 9 + 40 = -71 dBm DCS1800
The maximum generated noise due to modulation for >6MHz frequency offset is:
M Snoise = TXPWr max ms + conv. factor (peak -> 30kHz) - spectrum mask + conv. factor (100 kHz -> 200 kHZz)
For aninterfering CTS-MS:

CTSMSuildBm] = 11-8-71+3=-65dBm GSM900

CTSM Snoie[dBm] = 12-8-67 +3=-60dBm DCS1800
For an interfering GSM-M S the maximum noiseis larger due to the higher transmit power:

GSM-M Snoise[dBmM] = 33-8-71+3=-43dBm GSM900

GSM -M Snaise[dBm] = 30-8-73+3=-48dBm DCS1800

The maximum noise requirement is missed by 11,5 dB for an interfering CTS-MS, by 33,5 dB for an interfering
GSM900 GSM-MS and by 23 dB for an interfering DCS1800 GSM-MS.

b) uncoordinated BTS/CTS-FP-> CTS-MS
The maximum allowed noise level at the interferer siteis:
Rle&Vmax ndiseat Ms = CTS-M Sref. sensitivity - C/l + MCL
This leads due to equivalent reference sensitivities to the same figures asin case a):
RI€Vmax noiseat Ms[0B] = -102 - 9 + 34.5 = -76,5 dBm GSM900

and
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RleVmax noiseat ms[dB] =-102 - 9 + 40 =-71 dBm DCS1800
The maximum noise due to modulation for > 6 MHz frequency offset is
BTSnise = TXPWrmaxgTs + conv. factor (peak -> 30 kHz) - spectrum mask + conv. factor (100 kHz -> 200 kHz)
For an interfering CTS-FP the maximum noiseis:
CTSFPro<[dBm] = 11-8-71+3 = -65dBm GSM900
CTS-FPnos[dBm] = 12-8-67 +3 = -60 dBm DCS1800
For an interfering pico-BT Sa higher transmit power and a higher sideband modulation suppression applies:
pico BT Snoise[dBM] = 20 -8 -80 +3 = -65dBm GSM900
pico BT Snoise[dBmM] = 23-8-80 +3 = -62dBm DCS1800
The maximum noise requirement is missed by 11,5 dB for GSM 900 and by 11 dB for DCS1800.

S.3.2.2 Switching transients
a) uncoordinated MS-> CTS-FP
The maximum allowed peak level at the interferer siteis:
Plevmax atrp = CTS-FP ref. sengitivity - C/I + MCL + transient margin
Thisleads to:
Plevmax at rr[dB] = -102 - 9 + 34.5 +20 = -56,5 dBm GSM900
and
Plevmax at FP[dB] = -102 - 9 + 40 + 20 = -51 dBm DCS1800
The maximum generated power level for >1.8MHZ frequency offset according to GSM 05.05 is:
M Seuitching transients = -36 dBm GSM900/DCS1800
The requirement is therefore missed by 20,5 dB for GSM 900 and by 15 dB for DCS1800.
b) uncoordinated BTS/CTS-FP-> CTS-MS
The maximum allowed peak level at the interferer siteis:
Plevmax atms = CTS-M Sref. sensitivity - C/l + MCL + transient margin
Thisleads to:
Plevmaxatms[dB] = -102 - 9 + 34.5 +20 = -56,5 dBm GSM900
and
Plevmaxat ms[dB] =-102 - 9 + 40 + 20 = -51 dBm DCS1800

The maximum generated power level for aCTS-FP and apico-BTS and >1.8MHZ frequency offset according to
GSM 05.05:

CTS‘FPswitching transents = -36 dBmM GSM900/DCS1800

Due to the same reference sensitivities and the same requirement for the maximum generated power level from
GSMO05.05 the figures are the same as for case a). Therefore, the requirement is also missed by 20,5 dB for GSM900
and by 15 dB for DCS1800.
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S.3.2.3 Blocking

a) uncoordinated MS-> CTS-FP

The maximum generated signal power level at the CTS-FP receiver siteis.
PleVma arp = TXPwrus- MCL

ForaCTSMS:

PleVimax arp[dBM] = 11-34.5=-235dBm GSM900
PleVimax a re[dBmM] = 12-40 = -28 dBm DCS1800

The blocking reguirements for the CTS-FP according to subclause 3.1 are -23 dBm for GSM 900 and -26 dBm for
DCS1800. These requirements are fulfilled.

For a GSM-MS a higher transmit power applies:
Plevmax atrp[dBmM] = 33-34,5=-1,5dBm GSM900

Plevmax at rr[dBm] = 30 - 40 = -10,dBm DCS1800
Here the blocking requirement is missed by 22 dB for GSM 900 and 18 dB for DCS1800.
b) uncoordinated BTS/CTS-FP-> CTS-MS
The maximum generated signal power level at the CTS-M Sreceiver siteis:
PleVmax atms = TxPwrersrp -M CL

For aCTS-FP:

Plevimax ams[dBm] = 11-34,5=-23,5dBm GSM900
Plevmax ams[dBm] = 12 - 40 = -28 dBm DCS1800

The blocking requirements for the CTS-M S according to GSM 05.05 are -23 dBm for GSM 900 and -26 dBm for
DCS1800. These requirements are fulfilled.

For apico BTS:

PleVinax atms[dBm] = 20 - 34,5 = -14,5 dBm GSM900

23-40=-17dBm DCS1800

PleVmax at ms[dBm]

In this case the blocking requirement is missed by 8,5 dB for GSM 900 and 9 dB for DCS1800.

S.3.2.4 Specification of AM Suppression

The scenarios of subclauses 3.2.1 to 3.2.3 show that, based on GSM 05.05 specifications, interference from these
scenarios will limit the receiver performance. Thiswill also give anindication for the AM suppression test condition.
For that we have to distinguish two cases concerning CTS and GSM interferers separately.

Concerning interference from CTS-MS or CTS-FP transmitters the largest deviation from the requirementsin the
scenarios discussed above comes from switching transients. The maximum failure from the requirement is 20,5 dB for
GSM900 and 15 dB for DCS1800, same for uplink and downlink. These figures are essentially the same as for the pico
BTS scenarios, see for comparison SMG2 WPB Tdoc 188/98.

Following the logic from that paper, the signal level for the AM suppression test has to be lowered by the maximum
deviation outlined above in order to allow proper testing. From that the maximum interferer power levels for the AM
suppression test are:

PL AM suppressontes = TXPwWrmax - MCL - deviation

Therefore:

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 204 ETSI TR 145 050 V14.0.0 (2017-04)

PL aM suppressontes[dBm] = 11 - 34,5 - 20,5 =-44d Bm GSM900
and
PL aM suppressontes[dBm] = 12 - 40 - 15=-43 dBm DCS1800

Concerning interference from a GSM-MS, the largest deviation comes from the spectrum mask. The maximum failure
is 33,5 dB for GSM900 and 23 dB for DCS1800. The maximum interferer power levels for the AM suppression test for
this case are;

PL AM suppression teﬂ[dBm] = 33-345-335=-35dBm GSM900
and
PL AM suppression teﬂ[dBm] = 30-40-23=-33dBm DCS1800

All these values are less stringent than the actual GSM 05.05 specification for the AM suppression of a GSM-MS
(which is-31 dBm for both, GSM900 and DCS1800) and of apico-BTS (which is-21 dBmin GSM900 and -26 dBmin
DCS1800). Due to the fact, that the CTS-FP shall re-use the existing M S hardware as far as possible, we propose to take
the GSM 05.05 AM suppression specification of -31 dBm for the CTS-FP.

S.3.3 Intermodulation

S.3.3.1 uncoordinated CTS-MSs -> GSM-BTS

Two cases will be considered here concerning CTS to GSM interactions. In the first one, the transmission of two
CTS-MSswill cause intermodulation productsin a GSM BTS receiver located in close proximity to the CTS-MSs. The
most critical caseisthat of apico-BTS because distances to the CTS-M Ss down to 1 meter have to be considered here.
Both CTS-MSs are uncoordinated to the GSM-BTS. This corresponds to scenario 4 of GSM 05.50 annex A, figure 3.2
bottom.

The maximum received power level at the GSM-BTS is:
Rlev = TxPwrcrsms - MCLcrsms->csv-Ts + margin for other IMs

For the maximum CTS-MS transmit power defined in subclause 2.4 it follows:

Rlev [dBm] = 11-345+ 3 = -20,5dBm GSM900
and

Rlev [dBm] = 12-40+6 = -22dBm DCS1800

S.3.3.2 uncoordinated CTS-FPs -> MS

In the second case, the transmission of two CTS-FPswill cause intermodulation productsinaMS (CTS or GSM)
receiver located in close proximity to the CTS-FPs. This scenario is similar to scenario 3 of GSM 05.50 annex A,
figure 3.2 middle, except for the fact that the CTS-FP is a one carrier machine and both signals will stem from two
uncoordinated CTS-FPs.

The maximum received power level, now at the MS site, is given by the same expression as above:
Rlev = TxPwrcrsrpr - MCLctsrr->ms + margin for other IMs
For the maximum CTS-FP transmit power defined in subclause 2.3 it follows:
Rlev [dBm] = 11-345+3 = -20,5dBm GSM900
and
Rlev [dBm] = 12-40+6 = -22dBm DCS1800

In both cases considered above (subclauses 3.3.1 and 3.3.2), the MCLs have to be relaxed in order to meet the
requirements of GSM 05.05. However, comparison to pico-BTS scenarios (SMG2 WPB Tdoc 188/98) show that here,
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for both cases, the situation is much less critical. According to GSM 05.50 annex A, an increase of the coupling |oss of
1 dB will reduce the 3 order IM product by 3 dB; thus if the MCL assumption isincreased by 10 dB, the maximum
power level for generated intermodulation products for both cases discussed above to will be:

PL intermodulation tes [dBmM] = -20,5dBm - 30 dB = -50,5dBm GSM900
and
PL intermodulation test [ABM] = -22dBm - 30dB = -52 dBm DCS1800
These figures meet, for both cases discussed above, the intermodul ation requirements of GSM 05.05 subclause 5.3 for

both the MS (CTS and GSM) and the BTS.

S.3.3.3 uncoordinated GSM-MSs -> CTS-FP

For the case of two GSM-MSs|ocated close to a CTS-FP a higher receive level is observed due to the higher GSM-MS
transmit power. This scenario corresponds to scenario 4 of GSM 05.50 annex A, figure 3.2 bottom:

Rlev[dBm] = 33-345+3 = 1,5dBm GSM900
and
Rlev [dBm] = 30-40+6 = -4dBm DCS1800

These figures correspond exactly to those of uncoordinated GSM-M Ss located in close proximity of apico BTS (see
Tdoc SMG2 WPB Tdoc 188/98). Like there arelaxation of the MCL of 17 dB will reduce the IM products by 52 dB
and the requirements become:

PL intermoduiation test [dBM] = 1,5dBm-52 dB = -50,5dBm GSM900
and
PL intermoduiation tes [dBM] = -4 dBm-52dB = -56 dBm DCS1800

These figures meet the requirements of GSM 05.05, subclause 5.3, which give intermodulation levels of -49 dBm for
both GSM 900 and DCS1800 M S. Due to the fact, that the CTS-FP shall re-use the existing MS hardware as far as
possible, it is proposed to re-use the M S requirements for the specification of the CTS-FP intermodul ation.

S.4  CTS-FP TI5 performance requirements

The CTS-FP shall meet the static channel performance as specified in GSM 05.05. The only other radio propagation
channel that isrelevant to the performance of the CTS-FP is asfor the pico-BTSthe Tl 5 channel.

Therefore the argumentation developed in Tdoc SMG2 WPB 188/98 clause 12 is proposed to be applied to the
CTS-FP : the performance figures for TU50 no FH at 900MHz are adopted and are met in the T15 channel when the
signal level isincreased by 3 dB above reference sensitivity level (for sensitivity performance) and the carrier to
interference level isincreased by 4 dB above reference sensitivity level (for interference performance).

S.4.1 Nominal Error Rates for the CTS-FP

In CTS, the CTS-MS will access the CTS-FP on the CTSARCH at a distance smaller than for a GSM M S accessing a
BTS, however the transmit power for such attempts will be decreased to 11 dBmin GSM900 and 12 dBm in DCS1800
(absolute max. transmit powersin CTS).

In the following we reproduce the MCL distribution table first presented by Motorolain SMG2 32/97 and Tdoc SMG2
WPB 188/98, and develop atable of occurance probability for CTSARCH transmit power with a CTS-MS making
CTSARCH attemptsat 11 dBm (GSM900) and 12 dBm (DCS1800).

The table below shows the MCL |oss versus the chance of occurance.
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% of measurements 900 MHz MCL dB 1800 MHz MCL dB
0,03 -33 -39
0,1 -34 -40
0,53 -36 -42
1,0 -38 -48
1,43 -39 -45
2,86 -42 -48
4,66 -45 -51
9,58 -49 -55

If we now consider aCTS-MS at MCL sending a CTSARCH at maximum transmit power (11 dBm for GSM 900,
12 dBm for DCS1800), we can generate a table which shows the received CTSARCH power levels at the CTS-FP
versus probability of occurance.

% of measurements 900 MHz RACH dBm 1800 MHz RACH dBm
0,03 -22 -27
0,1 -23 -28
0,53 -25 -30
1,0 -27 -32
1,43 -28 -33
2,86 -31 -36
4,66 -34 -39
9,58 -38 -43

These maximum received levels are below the existing maximum received power levels at which the NER performance
of aMS shall be maintained (-15 dBmin GSM 900 and -23 dBm in DCS1800). Asthe CTS-FP shall re-use the existing
MS hardware as far as possible, it is proposed to specify that the CTS-FP shall maintain a BER < 1072 performance and
CTSARCH performance at received power levels of -15 dBm for GSM 900 and -23 dBm for DCS1800.

S5 Conclusion

It was shown that for a maximum transmit power of +11 dBm for GSM900 and +12 dBm for DCS1800, GSM and CTS
systems can coexist without degradation of the GSM. Further tightening of the CTS-FP spectrum due to modulation and
wide band noise above 1.8MHz frequency separation was proposed in addition.

The 20 dB power control range for the CTS-FP, which leads to a minimum CTS-FP transmit power of -9 dBm for
GSM900 and of -8 dBm for DCS1800, allows significant interference reduction and is an acceptable compromise for
implementation cost.

Blocking parameters from GSM-M S characteristics were shown to be justified for usein CTS-MS and CTS-FP, as well
as AM suppression and intermodulation characteristics.
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Annex T:
GSM400 system scenarios

TDoc SMG2 WPB 542/99

T.0 Introduction

This paper discusses system scenarios for GSM400 operation primarily in respect of the GSM 05.05 series of
recommendations. To develop the GSM400 standard, all the relevant scenarios need to be considered for each part of
GSM 05.05 and the most critical casesidentified. The process may then be iterated to arrive at final parameters that
meet both service and implementation requirements.

T-GSM 380 and T-GSM 410 MHz are covered by the generic term GSM 400.

T.1  Frequency bands and channel arrangement

GSM400 systems are specified for two frequency allocations. Primary utilisation will be allocations around 450 MHz.
For some countries allocations around 480 MHz will be possible. T-GSM is specified in the 380, 410 and 450 MHz
bands. T-GSM 450 uses the existing GSM 450 specification. In the 380 and 410 MHz frequency bands T-GSM aligns
the blocking requirements and the emissions due to modulation and wide band noise requirements with the existing
PMR services. This alignment provides for the more flexible frequency allocation required in these bands. Thusthe
systems to be specified are for operation in the following frequency bands:

T-GSM 380 Band
380.2 — 389.8 MHz: mobile transmit, base receive;

390.2 — 399.8 MHz: base transmit, mobile receive;

T-GSM 410 Band
410.2 — 419.8 MHz: mobile transmit, base receive;

420.2 — 429.8 MHz: base transmit, mobile receive;

NOTE: Although the T-GSM 380 and T-GSM 410 bands are 10 MHz wide and because a transition band of at least
2 MHz is needed, a maximum allocation is limited to approximately 8 MHz within the 10 MHz band. The allocated
frequencies may be selected from any part of the band consistent with this transition band.

GSM 450 Band:
450,4 MHz to 457,6 MHz: mobile transmit, base receive;
460,4 MHz to 467,6 MHz: base transmit, mobile receive.
GSM 480 Band:
478,8 MHz to 486 MHz: mobile transmit, base receive;
488,8 MHz to 496 MHz: base transmit, mobile receive.
with a carrier spacing of 200 kHz.

In the following unless otherwise specified, references to GSM400 includes both GSM 450 and GSM 480.
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T.2  System Scenario Calculations for GSM400 systems

T.2.1 Worst case proximity scenarios

The purpose of the present document isto justify the adoption of E-GSM900 radio frequency requirements to GSM400
systems with minimal changes. This will make it easy to adapt standard GSM technology. Parameters like body loss
and multiple interference margin are chosen to be identical that was used in GSM900 or DCS1800 system scenario
calculations performed earlier in SMG. This was decided for to keep comparison with different system scenario

calculations easy. It has to be noted that with chosen approach the GSM400 scenario calculations are little too
pessimistic compared for scenariosin redity.

As was seen with GSM 900 and DCS1800 cases al worst case scenarios are not met. Compromises have been made
while the parameters have been statistical probabilities of occurrences and implementation issues. Evidently it would
also be more severeto block aBTS than asingle MS. Statistical properties of occurrence state that coordinated caseis
more important to fulfill than uncoordinated case. Because of narrow spectrum available at GSM400 bandsiit is relevant
to assume that systems are operated in a coordinated manner in vast majority of cases. Uncoordinated scenarios might
happen in some cases and thus those are al so discussed in scenario calculations.

Tables below show examples of close proximity scenariosin urban and rural environments for GSM400 and GSM 900

systems. Different antenna heights are considered in different environments. Low antennas are assumed to have lower
gain (10 dBi) than high antennas, that is (18 dBi) for GSM900 and (14 dBi) for GSM400.

Table 1. Worst case proximity scenarios for GSM400

Rural Urban
Street Building Street Building Street
(note 1) (note 1)
BTS height, Hy, (m) 50 50 15 30 30
MS height, Hp, (m) 15 15 15 20 15
Horizontal separation (m) (note 4) 50 100 15 60 15
BTS antenna gain, Gy, (dB) (note 2) 14 10 10 14 14
BTS antenna gain, G'y, (dB) (note 3) 0 10 2 9 0
MS antenna gain, G, (dB) 0 0 0 0 0
Path loss into building (dB) 6 6
Cable/Connector Loss (dB) 2 2 2 2 2
Body Loss (dB) 1 1 1 1 1
Path loss - antenna gain (dB) 65 65 53 61 59
Table 2: Worst case proximity scenarios for GSM900
Rural Urban
Street Building Street Building Street
(note 1) (note 1)

BTS height, Hy, (m) 20 15 15 30 30
MS height, Hp, (m) 15 15 15 20 15
Horizontal separation (m) (note 4) 30 30 15 60 15
BTS antenna gain, G, (dB) (note 2) 18 10 10 18 18
BTS antenna gain, G'y, (dB) (note 3) 0 10 2 13 0
MS antenna gain, Gy, (dB) 0 0 0 0 0
Path loss into building (dB) 6 6
Cable/Connector Loss (dB) 2 2 2 2 2
Body Loss (dB) 1 1 1 1 1
Path loss - antenna gain (dB) 65 60 59 63 65

NOTE 1: Handset at height Hp, in building.
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NOTE 2: Bore-sight gain.
NOTE 3: Gainindirection of MS.
NOTE 4: Horizontal separation between MSand BTS.

Path lossis assumed to be free spacei.e. 25,5 + 20 log d(m) dB for GSM400 systems and 31,5 + 20 log d(m) dB for
GSM900 systems, where d is the length of the sloping line connecting the transmit and receive antennas. The coupling
lossis defined between antenna connectors. The transmitter power and receiver sensitivity is measured at the respective
antenna connectors.

Coupling between BT Ss may result either from the co-siting of BT Ss or from several BT Ssin close proximity with
directional antenna. The minimum coupling loss between BT Ssis assumed to be 30 dB. Thisis defined asthe loss
between the transmitter combiner output and the receiver multi-coupler input.

GSM400 systems are targeted to offer large coverage in rural areas. It is reasonable to assume that BTS heightsin rural
area are higher than in urban area thus minimum coupling loss (MCL) value of 65 dB between BTS and MSisvalid
assumption in rural areas. For GSM 900 system scenario calculations performed earlier dense urban area MCL value of
59 dB was used. With the identical scenario GSM400 systems will provide 6 dB less MCL thus resulting into the value
53 dB.

MSto MS close proximity MCL for DCS1800 was 40,5 dB and 6 dB less for GSM900. Straightforward calculation
suggests using MCL of 28,5 dB for the worst case MS to M S scenario. Recent measures indicate that body loss for
small hand setsis rather 10 dB than 1 dB (GSM 05.50 V6.0.2 annex H). By using this higher body loss factor worst
case scenario reguirements were much milder.

It can be concluded that worst case scenario requirements for GSM400 systems are in some cases 6 dB tighter than for
GSM900. This must be considered in cellular planning recommendation GSM 03.30. It may be necessary to
recommend to utilise lower output power at GSM400 band BT Ss in dense urban areaif MCL can be very small (i.e. low
antenna heights). Thisis not a drawback anyway while we remember that a useful carrier too has a smaller path loss at
lower frequencies, thus reduced output power is gained back and coverage for urban cells can be maintained the same
as at higher bands.

Worst case scenarios usually involve a " near/far" problem of some kind, the component scenario assumptions as given
in the scenarios paper for "near" and "far" can be summarised as follows.

"Near" MCL [dB]
BTS -> MS 53
MS -> BTS 53
MS -> MS 28.5
BTS -> BTS 30
"Far" TX power RX Sensitivity
[dBm] [dBm]
BTS 39 -104
MS 33 -102
Other parameters used in scenario calculations are:
Parameter Value [dB]
BTS power control range 30
MS power control range 26
C/I margin 9
Multiple interferers margin (MIM) 10
Transient margin 20
Margin for other IM's 3
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It can be speculated that MIM for GSM400 should be lower than 10 dB because of lesser amount of carriers, but as was
stated in the beginning GSM 900 system scenario calcul ation parameters are chosen for compari son reasons.

T.3  Worst Case Scenario Requirements

T.3.1 Transmitter

T.3.1.1 Modulation, Spurs and noise

T.3.1.1.1 Co-ordinated BTS -> MS

Max. Tx noise level in Rx bandwidth = [BTS power] - [Power control range] - [C/l margin] - [MIM] =
39-30-9-10=-10dBm

T.3.1.1.2 Uncoordinated BTS -> MS

Max. Tx. level of noisein Rx. bandwidth = [MS sensitivity] - [C/l margin] - [MIM] + [MCL] =
-102-9-10+ 53 = -68 dBm

Max. Tx level of spur in Rx bandwidth = [M S sensitivity] - [C/l| margin] + [MCL] =
-102-9+ 53 =-58dBm

T.3.1.1.3 Coordinated & Uncoordinated MS -> BTS

Max. Tx level in Rx bandwidth = [BTS sensitivity] - [C/l margin] + [MCL] =
-104-9+53=-60dBm

T.3.1.14 Coordinated & Uncoordinated MS -> MS

Max Tx level in Rx bandwidth = [MS sensitivity] - [C/l margin] + [MCL] =
-102-9+ 28.,5=-82.5dBm

T.3.1.1.5 Coordinated & Uncoordinated BTS -> BTS

Max Tx level noisein Rx bandwidth=[BTS sensitivity] - [C/l margin] - [MIM] + [MCL] =
-104-9-10+30=-93dBm

T.3.1.2 Switching transients

T.3.1.2.1 Uncoordinated MS -> BTS

Max. peak level in effective Rx BW at MS=[BTS sensit.] - [C/l margin] + [MCL] + [Transient margin] =
-104-9+ 53+ 20 =-40dBm

T.3.1.2.2 Uncoordinated BTS -> MS

Max. peak level in effective Rx BW at BTS=[MS sensit.] - [C/l margin] + [MCL] + [Transient margin] =
-102-9+53+20=-38dBm
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T.3.1.3 Intermodulation

T.3.1.3.1 Coordinated BTS -> MS

Required IM attenuation in BTS = [C/l margin] + [BTS power ctrl range] + [margin for other IMs] =
9+30+3=42dB

T.3.1.3.2 Uncoordinated BTS -> MS

Required IM attenuat. in BTS=[BTS power] - {[Max. allowed lev. at MS1] + [MCL BTS2->MS1]} =
39-{[-102-9-3] +53} =100dB

T.3.1.3.3 Uncoordinated MSs -> BTS

Required IM attenuat. in MS = [MS power] - {[Max. alowed level at BTS2] + [MCL MS->BTS2]} =
33-{[-104-9-3] + 53} =96 dB

T.3.1.34 Uncoordinated MS & MS -> MS

Required IM attenuat. in MS = [MS power] - {[Max. alowed level at MS3] + [MCL MS->MS3]} =
33-{[-102-9-3] +28.5} =118.5dB

T.3.2 Receiver

T.3.2.1 Blocking

T.3.2.1.1 Coordinated & Uncoordinated BTS -> MS

Max. level at MSreceiver = [BTS power] + [MIM] - [MCL] =39 + 10- 53 = -4 dBm

T.3.2.1.2 Coordinated MS -> BTS

Max level at BTS receiver = [MS power] - [Power control range] - [MCL] =33 - 26 - 53 =-46 dBm

T.3.2.1.3 Uncoordinated MS -> BTS
Max level at BTSreceiver = [MS power] - [MCL] =33-53=-20dBm

T.3.21.4 Coordinated & Uncoordinated MS -> MS

Max. level at MSreceiver = [MS power] - [MCL] =33-285=45dBm

T.3.2.1.5 Coordinated & Uncoordinated BTS -> BTS

Max. level at BTSreceiver = [BTS power] + [Multiple interferers margin] - [MCL] =39+ 10-30=19dBm
T.3.2.2 Intermodulation

T.3.2.21 Coordinated & Uncoordinated BTS -> MS

Max. received level at MS1 = [BTS power] - [MCL BTS2->MS1] + [Margin for other IMs] =39-53+ 3=-11dBm
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T.3.2.2.2 Coordinated MS -> BTS

Max. received level at BTS1 = [MS power] - [M S power ctrl range] - [MCL MS-> BTS1] + [Margin for other IMs] =
33-26-53+3=-43dBm

T.3.2.2.3 Uncoordinated MS -> BTS

Max. received level at BTS1 = [MS power] - [MCL MS-> BTS1] + [Margin for other IM's] =33 -53+ 3=-17 dBm
T.3.2.3 Maximum level

T.3.23.1 Coordinated MS -> BTS

Max level at BTS=[MS power] - [MCL] = 33-53=-20dBm

T.3.2.3.2 Coordinated BTS -> MS
Max level at MS=[BTS power] - [MCL] =39-53=-14dBm

T.4 Transmitter characteristics

For readability the chapter numbering in the transmitter and receiver characteristics chapters are aligned with current
GSM 05.05 chapter numbering.

The worst case scenario requirements and current GSM 05.05 specification for GSM 900 are summarized in the tables
beginning of each relevant chapter. Specification requirementsin the table entries are converted to 200 kHz bandwidth
to be comparable for scenario calculation results.

T.4.1 Output power

T.4.1.1 Mobile Station

Coverage gain is seen as one of the mgjor benefits for the down banded GSM system. In order to gain the most of this
benefit it was decided to allow the same power classes for GSM400 as was initially chosen for GSM900.

The absolute tolerance on power control levels has been chosen to be the same as with GSM900.

T.4.1.2 Base Station

Following GSM 900, the BTS power classes are specified at the combiner input. In order to provide the operator some
flexibility same power classes as for GSM900 are chosen.

The tolerance on the BTS static power control step size is same as for GSM900.

T.4.2 Output RF Spectrum

T.4.2.1 Spectrum due to the modulation and wideband noise

Coordinated scenarios | Uncoordinated scenarios According to GSM 05.05 GSM900
GSM400 GSM900 GSM400 GSM900 39/33 dBm TX pwr_|Frequency offset
Transmitter
Modulation and wide band noise (allowed) [dBm] Introduced [dBm]
BTS -> MS -10 -10 -68 -62 -27 600 kHz|
MS -> BTS -60 -54 -60 -54 -27 600 kHz

Coordinated case
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In coordinated case BTS wideband noise requirement are fulfilled with both GSM900 and GSM 400 systems and thus
there is no need to change the specification for BTS TX mask.

Worst case scenario requirements for MS wideband noise are tighter than for BTS. Since the table entriesin GSM 05.05
arerelative, asthe level of the transmitter is reduced, the absol ute specification becomes tighter. For coordinated MS to
BTSinterferenceit isto be noted that power control works and MS will be powered down. For MS closeto BTSitis
relevant to expect that minimum MS TX power is used. Thus introduced wideband noise is reduced accordingly down
t0 -43 dBm at 600 kHz offset. Still thereisagap of 11 dB in GSM900 scenarios and specification.

Probability of this scenario islow and actually allowing this to happen is not practical cellular planning. Low power
users operating very close to BTS may block userslocating in the edge area of very large cells that operate with full
power and still close to sensitivity level. In other words blocking of some users at cell edge would require large cellsin
dense urban areas with very small handover margin. In sensible cellular planning these should be contradictory
occurrences. Thusit was felt that there is no need to make specification too tight because of speculation of some
unpractical occurrences.

Uncoordinated case

The theoretical worst case uncoordinated scenarios are missed quite alot. This was situation aso in higher bands. Now
the mismatch is about 6 dB worse than in GSM900. In practice this situation is very rare. First as was discussed earlier
it is not probable that uncoordinated scenario should happen in narrowband. Secondly the theoretical calculations are
done while M S close to disturbing BTS operates at sensitivity level which is not acommon situation.

If uncoordinated scenarios are planned it may be decided by the operators that in dense urban areas where MCL may
reach low values maximum power level isreduced by 6 dB in respect to those used in GSM900 case. Still due to
smaller path loss, low powered GSM400 systems would offer equal coverage than GSM 900 system. Down powering of
systemisanatural choice anyway in urban areas where cellular planning is capacity driven rather than targeting to large
cells.

Asaconclusion it is seen unnecessary to do any changesto existing GSM 900 modulation mask while it is adapted to
GSM400 systems.

T.4.2.2 Spectrum due to switching transients

Coordinated case

GSM 05.05 defines modulation mask, switching transients, spurious emissions and intermodulation specifications to be
consistent with each other (GSM 05.50 VV6.0.2 annex D). In previousit was justified that GSM900 modulation mask is
seen to be appropriate at 400 MHz bands. Due the consistence, current switching transient requirements at 900 MHz
band are enough at 400 MHz bands also.

Uncoordinated case

For uncoordinated scenarios down banded system may need to be down powered in dense urban scenarios to fulfil
GSM900 performance. Down powering will affect similarly for switching transients also and again it is felt that down
powered GSM400 systems perform as well as GSM900.

No changes in respect to GSM 900 requirements are thus proposed.

T.4.3 Spurious emissions

T.4.3.1 Principle of the specification

No changes to measurement conditions are needed.
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Coordinated scenarios Uncoordinated scenarios According to GSM 05.05 GSM900

GSM400 GSM900 GSM400 GSM900 39/33 dBm TX pwr [Frequency offset
Transmitter
Spurious emissions (allowed at RX) [dBm] Introduced [dBm]
BTS Normal -93 -93 -95 Own RX-band
BTS Micro M3 -93 -78 Own RX-band
BTS R-GSM -93 -86 Own RX-band
MS P-GSM -82.5 -76.5 -76 Own RX-band
MS E-GSM -76.5 -64] Own RX-band
MS R-GSM -76.5 -57 Own RX-band
MS T-GSM 380 and 410 -82.5 -59 Own RX-band

T.4.3.2 Base transceiver station

Current specification for BT Sintroduces -95 dBm level of spurious emissionsin 200 kHz BTS RX band. The transition
band between TX and RX band isonly 3 MHz for GSM400 systems that operate with full bandwidth and thus rather
deep doped filtering is required. Current understanding is that the GSM900 specification can be adopted to GSM400
systems. (For R-GSM the requirement is relaxed down to -86 dBm because of low number of carriers expected in R-
GSM BTS.)

While GSM400 BTS s co-sited with higher bands, measures must be taken for mutual protection of receivers. GSM400
systems must not produce exceeding noise level in relevant up-link bands for GSM 900 and DCS1800. GSM 900 and
DCS1800 are currently specified to allow at maximum -36 dBm spurious emissions at 400 M Hz bands while measured
the peak power in 3 MHz band. This corresponds to about -56 dBm at 200 kHz peak power value. This does not quite
match with the requirements for GSM400 systems. However no changes to higher band specifications are proposed
anyway while GSM400 system is specified. If BTSs of different frequency bands are co-sited the coupling loss must be
increased by antenna arrangement or with external filters, but this must not be a part of GSM specification.

T.4.3.3 Mobile station

In idle mode power measured in GSM 900 down link band is limited to -57 dBm at 100 kHz measurement band. In up
link band allowed level is-59 dBm. For uplink the wideband noise scenario requirement is -60 dBm at 200 kHz band.
Due to different measurement methods (i.e. average vs. peak value) in wideband noise and spurious emission conditions
it is reasonable to assume that GSM 900 requirements can be adopted to GSM400 systems.

When allocated a channel existing GSM900 and DCS1800 are currently specified to allow at maximum -36 dBm
spurious emission peaks at 9 kHz - 1 GHz bands with measurement conditions specified in GSM 05.05. No changesis
proposed for GSM400 systems.

When allocated a channel spurious emission at MS RX band for E-GSM is-67 dBm at 100 kHz band. Thisisrelaxed
from the original P-GSM requirement -79 dBm. Requirement is further relaxed to -60 dBm for R-GSM MS. Theinitial
discussions with component manufacturers indicate that TX filter that limits spurious emissions at 3 MHz from the band
edge down to -67 dBm in GSM400 bands would be feasible. It is considered that -62 dBm for T-GSM 380 & 410is
achievable even with atransition band of only 2 MHz. The requirement isin line with the requirements for existing
services in these bands.

T.4.4 Radio frequency tolerance

No reason for changesin GSM 05.05 (defined in GSM 05.10).

T.4.5 Output level dynamic operation

T.45.1 Base station

This specification only affects the interference experienced by co-channel cellsin the same PLMN. The requirement on
the relative power level of unactivated timeslotsis-30 dBc that isin line with the BTS power control range.

No reason to modify current specification.
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T.4.5.2 Mobile station

Tightening this requirement from current GSM 900 specification would mean that the requirement for active MS would
be about as tight as requirement in idle mode. Thisis not felt to be a reasonable requirement and thusit is proposed that
GSM900 specification is adopted without changes.

The same relaxation as for GSM900 at preceding slot is allowed.

T.4.6 Phase accuracy

No reason for changesin GSM 05.05 (defined in GSM 05.04).

T.4.7 Intermodulation attenuation

For GSM900 system intermodulation attenuation is specified only for BTS. Required intermodulation attenuation in
coordinated case for both GSM900 and GSM400 systemsis 42 dB while current specification states that attenuation is
70 dB.

No changes are proposed for intermodul ation attenuation specification.

T.5 Receiver characteristics

T.5.1 Blocking characteristics

Coordinated scenarios Uncoordinated scenarios According to GSM 05.05 GSM900
GSM400 GSM900 GSM400 GSM900 39/33 dBm TX pwr_[Frequency offset

[Transmitter

Introduced [dBm]
MS < -- BTS -4 -10 -4 -10 -23 3 MHz
BTS < -- MS -46 -52 -20 -26 -13 3 MHz
MS < -- MS 4.5 -1.9 4.5 -1.5] 0 (-5 for E-GSM) Own TX-band
BTS < -- BTS 19 19 19 19 8 Own TX-band
MS < -- BTS, T-GSM 380 & 410 -4 -4 -23 3 MHz
MS < -- MS, T-GSM 380 & 410 4.5 4.5 -23 Own TX-band

GSM400 system passband and transition band between TX and RX bands are much smaller than in GSM900 system.
While determining out-of-band limits it was decided to keep the ratio of passband and transition band about the same as
for GSM 900 system. Thus out-of-band transition bandwidth at high frequenciesis chosen to be 6 MHz, which is
relatively the same as for GSM where 20 MHz was chosen. Passband to transition band ratio for GSM400 system is
quite close to the respective ratio in E-GSM, thus E-GSM has been chosen as a reference system for low out-of-band
blocking requirements.

Frequency Frequency range (MHz)
band T-GSM 380 T-GSM 410
MS BTS MS BTS
in-band 389.6 — 405.6 374.4-390.4 419.6 — 435.6 404.4 - 420.4
out-of-band (a) 0.1-<3904 0.1-<3744 0.1-<4204 0.1-<404.4
out-of-band (b) N/A N/A N/A N/A
out-of band (c) N/A N/A N/A N/A
out-of band (d) > 405.6 - 12,750 | >390.4-12,750 | >435.6 - 12,750 > 420.4 - 12,750

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 216 ETSI TR 145 050 V14.0.0 (2017-04)

NOTE: Although the T-GSM 380 and T-GSM 410 bands are 10 MHz wide, because atransition band of at least 2
MHz is needed, a maximum allocation is limited to approximately 8 MHz within the 10 MHz band. The allocated
frequencies may be selected from any part of the band consistent with this transition band.

Frequency Frequency range (MHz)
Band GSM 450
MS BTS
In-band 457,6 - 473,6 444 .4 - 460,4
out-of-band (a) 0,1-<457,6 0,1-<444.4
out-of-band (b) N/A N/A
out-of band (c) N/A N/A
out-of band (d) > 473,6 - 12,750 > 460,4 - 12,750
Frequency Frequency range (MHz)
Band GSM 480
MS BTS
In-band 486.0 - 502.0 472.8 - 488.8
out-of-band (a) 0.1-<486.0 0.1-<472.8
out-of-band (b) N/A N/A
out-of band (c) N/A N/A
out-of band (d) >502.0 - 12,750 > 488.8 - 12,750

The out-of-band blocking specification relates to the GSM400 band and the feasibility of the receiver filter. Due to
narrow gap between TX and RX bands at low frequency side of the M S out-of-band blocking requirement is chosen to
be same as for EGSM i.e. -5 dBm. At the high frequency side of the MS GSM 900 out-of-band blocking requirement of
value 0 dBm has been chosen.

The MSin-band blocking specification close to the received channel has not been changed, thisislimited by the
receiver synthesizer phase noise. The blocking specification at > 3 MHz offset still misses the scenario requirements
T.3.2.1.1 and T.3.2.1.4. Power consumption considerations make it anyway undesirable to further tighten the
specification. Power consumption would grow, because of the extra current needed to compensate the lossesin filters.
While considering the low amount of interfering carriersin GSM400 systems the scenario isin practice very close to
current GSM 900 scenario.

The combinations of these proposal amounts to afilter specification over the M S receive band as shown below.

Attenuation Blocking requirement
A
A
23dB 4 0dBm
18 dB -5 dBm

0dB

-23 dBm /at the band edge

457.6 460.4 467.6 473.6

< l< »|
I~ d!

<
Out of band In band Out of band

v
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E-GSM900 GSM 450 and
Frequency band GSM 480
MS BTS MS BTS
dBm dBm dBm dBm
in-band
600 kHz < |f-f | < 800 kHz -43 -26 -43 -26
800 kHz < |f-fy | < 1.6 MHz -43 -16 -43 -16
1.6 MHz < |f-f; | <3 MHz -33 -16 -33 -16
3 MHz < [f-fy | -23 -13 -23 -13
out-of-band
(a) (see note) -5 8 -5 8
(b) - - -
(©) - - - -
(d) 0 8 0 8
NOTE: Relaxation for E-GSM MS is in the band 905 MHz to
915 MHz.

The following table gives the figures for the small M S for the T-GSM 380 and T-GSM 410 bands:

Frequency band T-GSM 380 and
T-GSM 410
small MS
dBuv dBm
(emf)
in-band
600 kHz < [f-fo] < 800 kHz 70 -43
800 kHz <|f-fo] <1,6 MHz 70 -43
1,6 MHz < |f-fo] <3 MHz 80 -33
3MHz  <|[ffo 90 -23
out-of-band
(€)] 90 -23
(b) - -
(©) - -
(d) 90 -23

The BTSin-band blocking requirement has kept same as for GSM 900 system. Scenario requirement T.3.2.1.2

is-46 dBm that considers blocking from the BTS own MSs. The proposal meets the scenario requirements even at 600
kHz offset. Requirement T.3.2.1.3 is-20 dBm, which is for mobiles from other operators. Thisis missed at 600 kHz but
it is met at 800 kHz offset. No changes are recommended due to the non-probabl e occurrence of un-coordinated
scenario and especially with full power, small MCL and small frequency offset.

The out-of-band specification has not been changed, although it does not meet scenario requirement T.3.2.1.5

(19 dBm). Thisis because the 30 dB coupling loss assumption between base stations is rather pessimistic, it
corresponds to two 14 dBi antennas on boresight 26 m apart. Under these circumstances, operators may need to adopt
specific mutual arrangements (e.g. antenna arrangements or extra operator specific receive filters) which need not form
part of the GSM standard.

The out-of-band blocking specification of T-GSM 380 and 410 is matched to the requirements to other servicesin these
bands. The relaxed specification is possible because of the low density of users anticipated in these bands.

T.5.2 AM suppression characteristics

AM suppression regquirement is targeted for uncoordinated operation where two operators share the band. Current
requirements are about the same for both GSM 900 and DCS1800 systems. Even though it is assumed that
uncoordinated scenarios are rare for GSM400 still AM suppression specification is written for GSM400 system for the
specification to be consistent with GSM systemsin other bands. It is suggested that GSM 900 system requirement is
applied for GSM400 systems.
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T.5.3 Intermodulation Characteristics

Coordinated scenarios Uncoordinated scenarios According to GSM 05.05 GSM900
GSM400 GSM900 GSM400 GSM900 39/33 dBm TX pwr__|Frequency offset
Intermodulation (Max level introduced) [dBm] Allowed [dBm]
MS <- BTS -11 -17 -11 -17 -49
BTS <- MS -43 -49 -17 -23 -43

The GSM 900 specification for handportables limits the maximum level to -49 dBm. Any tightening of this specification
will increase the power consumption of the receiver. The proposed level of -49 dBm for the M S fails to meet scenario
requirement T.3.2.2.1, but the only consequence is that the MSis de-sensed when close to a BTS with the appropriate
transmitters active. Statistical probabilities of occurrence of this situation is highest in dense urban areas and while
GSM400 BTS power level is recommended to be reduced the scenario is similar to GSM900 system. In rural areas
MCL is easily higher than 53 dB.

The worst case for BTS receiver IMsis when two M Ss approach the base station, the scenario requirement is covered in
sections T.3.2.2.2 and T.3.2.2.3 and is -43 dBm for coordinated mobiles and -17 dBm for uncoordinated.

The GSM 900 system requirement -43 dBm has been proposed since the probability of the uncoordinated scenario with
maximum power and minimal MCL islow both spatially and spectrally. If the coupling loss between both M Ss and the
BTSincreases by 1dB the level of athird order IM product will reduce by 3 dB.

T.5.4 Spurious emissions

Current requirements are the same for both GSM 900 and DCS1800 systems. It is suggested that the same is adopted to
GSM400 systems. No changes are proposed for this requirement.

T.6  Receiver performance

Reference sensitivity levels for GSM400 are determined to be equal to those of GSM900. The reference sensitivity
performance specified in table 1 and table 1a[GSM 05.05] for GSM 900 may be taken as GSM 400 reference sensitivity
performance regquirement while the M S speed is doubled. The same applies for reference interference performance in
table 2 and table 2a[GSM 05.05].

Current specification states that for static conditions, a bit error rate of 10exp-3 shall be maintained up to -15 dBm for
GSM900. From GSM400 scenario calculations T.3.2.3.1 and T.3.2.3.2 it can be seen that maximum signal level
expected in BTS antennais-20 dBm and in M S antenna -14 dBm. These being calculated with pessimistic MCL values
it may be concluded that current GSM900 performance requirement with -15 dBm received power level should be
applicable also for GSM400 systems.

Chip error rate for GSM900 has been defined for static channel and EQ50 channel. It is reasonable to assume that in
static conditions the performance of GSM400 and GSM900 are equal and no changes are proposed. EQ50 channel for
GSM900 corresponds about to EQ100 in case of GSM400. Thusit is decided to keep the performance requirement
equal while doubling the speed.
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Annex U:
850 MHz and 1 900 MHz Mixed-Mode Scenarios

U.l Introduction

850 MHz and 1 900 MHz mixed-mode is defined as a network that deploys both 30 kHz RF carriers and 200 kHz RF
carriers in geographic regions where the Federal Communi cations Commission (FCC) regulations are applied. There are
two scenarios in these regions:

- Mixed-mode multi-carrier BTS in FCC regulated environment.
- Mixed-mode multiple MS and BTS, uncoordinated close proximity.

The following documents describe the basis for the 850 MHz and 1900 MHz mixed-mode base station RF
requirements:

[1] TIA/EIA-136-280: "Base Station Minimum Performance”.

2] Federal Communications Commission (FCC) Code of Federal Regulations (CFR), Title 47, Part
22 "Public Mobile Service", Subpart C and H.

[3] Federal Communications Commission (FCC) Code of Federal Regulations (CFR), Title 47, Part
24 "Personal Communications Services (PCS)", Subpart E.

[4] Tdoc ETSI SMG2 EDGE 44/99, Source: TIA TR45.3 AHIC, Title: Liaison Statement to ETSI
SMG2 WPB Regarding ETSI SMG2 WPB's Response to TIA TR45.3 AHIC's Tdoc SMG2 WPB
30/99 "EDGE Blocking Specifications’.

[5] TR45.3.AHIC/99.02.18.04, Source: Nortel Networks, Title: Proposed Liaison Statement to ETSI
SMG2 WPB Regarding ETSI SMG2 WPB Response to TR45.3 AHIC Tdoc SMG2 WPB 30/99
"EDGE Blocking Specifications'.

[6] GSM 05.05: "Radio Transmission and Reception”, Release 1997.

Uu.2 BTS Wide Band Noise and Intra BTS Intermodulation
Attenuation

U.2.1 Overview

U.2.1.1 TIA/EIA-136

In TIA/EIA-136, the conducted spurious emissions limits are specified as -13 dBm peak measured in 30 kHz outside the
authorized transmit band (see TIA/EIA-136-280, §3.4.2.2.1). This includes conducted spurious energy from spurs and
intermodulation products in addition to the wideband noise.

850 MHz

For output powers 50 W or less, the peak power level of any emissions within the base station transmit band between
869 MHz and 894 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency,
shall not exceed alevel of 45 dB below the mean carrier output power or -13 dBm, whichever is the lower power. For
output powers greater than 50 W, the peak power level of any emissions within the base station transmit band between
869 MHz and 894 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency,
shall not exceed alevel of 60 dB below the mean carrier power output power (see TIA/EIA-136-280 §3.4.2.2.3.1).
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1900 MHz

For output powers 50 W or less, the peak power level of any emissions within the base station transmit band between
1930 MHz and 1 990 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency,
shall not exceed alevel of 45 dB below the mean carrier output power or -13 dBm, whichever is the lower power. For
output powers greater than 50 W, the peak power level of any emissions within the base station transmit band between
1930 MHz and 1 990 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency,
shall not exceed alevel of 60 dB below the mean carrier power output power (see TIA/EIA-136-280 §3.4.2.2.3.2).

Also, the radiated products from co-located transmitters must not exceed FCC spurious and harmonic level
requirements that would apply to a single transmitter (see TIA/EIA-136-280, §3.4.4.1.1).

Finaly, TIA/EIA-136 provides an additional requirement for intermodulation performance such that transmit
intermodulation products must not exceed -60 dBc relative to the per carrier power in amulti-carrier BTS environment.

Uu.2.1.2 ETSI GSM

In GSM 05.05, the wideband noise specification is defined for asingle RF carrier. GSM 05.05 does not make any
specific provisions for the stackup of noise power. For example, a 10 RF carrier BTS would be allowed to radiate
wideband noise levels that are 10 dB above those of asingle RF carrier BTS.

Transmit spurs are specified separately from wideband noise in GSM 05.05 and are allowed to be up to -36 dBm rms
measured in 200 kHz (see GSM 05.05, §4.2.1). The specification allows for: 3 spursin the range of 600 kHz to 6 MHz
offset from the carrier, and 12 more spursin the range from 6 MHz offset from the carrier to the edges of the relevant
transmit band.

Finaly, intra BTS intermodul ation levels are allowed to be -70 dBc peak with all the carriers on.

U.2.2 Scenario - Mixed-Mode Multi-Carrier BTS in FCC Regulated
Environment

Aside from the frequency bands, the main constraint is the number of RF carriersin the BTS. The extreme condition
occurs when there are alarge number of RF carriersinthe BTS.

The 850 MHz mixed-mode system is required to operate in the following frequency bands:
- 824 MHz to 849 MHz: mobile transmit, base receive;
- 869 MHz to 894 MHz: base transmit, mobile receive.
The 1 900 MHz mixed-mode system is required to operate in the following frequency bands:
- 1850 MHzto 1910 MHz: mobile transmit, base receive;
- 1930 MHz to 1 990 MHz: base transmit, mobile receive.

with a carrier spacing of 200 kHz for GPRS-136HS and 30 kHz for TIA/EIA-136. Also, the 200 kHz GPRS-136HS
carriers and 30 kHz TIA/EIA-136 carriers can be deployed at different power levels and may use portions of the
existing Tx chain.

Asthe number of RF carriersin aBTS increases, the wideband noise requirements become more stringent vis-a-vis a
single RF carrier BTS. For example, with 40 RF carriers transmitted via a single antenna subsystem (i.e. a multi-carrier
BTS), the wideband noise performance of a single transceiver in such a case would have to be at least 16 dB tighter than
asingletransceiver in aone-carrier BTS.

NOTE: The scenario description in subclause 2.3 of GSM 05.50 annex A investigates the potential impact of intraBTS
intermodulation products contributing to interference between uncoordinated service providers. Specifically, asa
mobile station accepting service from a service provider approaches within close proximity of an uncoordinated BTS,
theintra BT S intermodulation products may introduce an added source of interference.

In geographic regions governed by FCC regulations, inter-licensee interference is regulated by CFR, Title 47, Part 22
for 850 MHz systems and CFR, Title 47, Part 24 for PCS 1900 MHz systems. CFR, Title 47, Parts 22 and 24 describe
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emission limits on any frequency outside a service provider's licensed frequency block. These emission limitsinclude
theintraBTS intermodulation products that fall within an adjacent service provider's licensed frequency block.

These emissions limits and the conditions imposed by the FCC must be considered when establishing intraBTS
intermodul ation attenuation performance in geographic regions governed by FCC regulations.

U.2.3 BTS Wide Band Noise and Intra BTS Intermodulation
Attenuation Analysis

850 MHz and 1 900 MHz Non-Mixed Mode

This analysis examines the total conducted spurious emissions that would be radiated from a BTS that is compliant with
TIA/EIA-136-280 (i.e., for 850 MHz or 1 900 MHz non-mixed-mode operation).

For this analysis, it is assumed that the BTS that transmits 39 dBm rms per 30 kHz carrier. As noted in subclause 1.1.1,
the BT S total conducted spurious emissions are limited to -13 dBm peak measured in 30 kHz. The conversion factor
between peak and rms power level istaken to be 10 dB. Therefore, the summation of wideband noise and
intermodulation products (i.e., the total noise budget) islimited to -23 dBm rms measured in 30 kHz. The total noise
budget can be tailored to meet the needs of a particular system. For the purposes of this analysis, equal amounts of
power (i.e. -26 dBm rms) are budgeted to the wideband noise and intermodul ation products.

As an example, for a sector that is deployed with 20 RF carriers, the wideband noise would be restricted to -39 dBm
rms measured in 30 kHz (-26 dBm rms - 10logio 20). This represents -78 dBc measured in 30 kHz [39 dBm rms per
30 kHz carrier - (-39 dBm rms)].

Using the same exampl e, this represents -65 dBc measured in 30 kHz for intermodulation products [39 dBm rms per

30 kHz carrier - (-26 dBm rms)]. This particular example (i.e., aBTS that transmits 39 dBm rms per 30 kHz carrier with
20 carriers) resultsin an intermodul ation attenuation requirement which exceeds the -60 dBc stipulated in
TIA/EIA-136-280. However, in conjunction with the wideband noise component, the system meets the -13 dBm peak
total conducted spurious emissions requirement (i.e., for high BTS power levels, the -13 dBm specification applies). For
aBTS that transmits < 34 dBm rms per 30 kHz carrier (i.e. for low BTS power levels), the -60 dBc requirement applies.

NOTE: This assumed the use of an A+B band transmit filter for 850 MHz operation and an A+B+C+D+E+F band
transmit filter for 1 900 MHz operation. If an A or B band transmit filter were to be used separately instead for 850
MHz operation, then the power levels of the out-of-band intermodul ation products would be attenuated even further.
The same holds trueif an A or B or C or D or E or F band transmit filter were to be used separately instead for

1 900 MHz operation.

850 MHz and 1 900 MHz Mixed Mode

For 850 MHz and 1 900 MHz mixed-mode operation, the addition of GPRS-136HS 200 kHz RF carriers must be done
inaway that is consistent with the existing non-mixed mode specification environment. Referring to the above analysis,
the mixed-mode intra BTS intermodul ation specifications become:

- For 30 kHz channel aone, the intermodulation products must be at least -60 dBc measured in a 30 kHz
bandwidth relative to the 30 kHz channel carrier power measured in a 30 kHz bandwidth.

- For 200 kHz channel aone, the intermodulation products must be at least -60 dBc measured in a 200 kHz
bandwidth relative to the 200 kHz carrier power measured in a 200 kHz bandwidth.
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- For 30 kHz channel mixed with 200 kHz channel, two measurements must be made and both of the following
limits satisfied:

a) All intermodulation products must be at least -60 dBc measured in a 30 kHz bandwidth relative to the 30 kHz
channel carrier power measured in a 30 kHz bandwidth; and

b) All intermodulation products must be at least -60 dBc measured in a 200 kHz bandwidth relative to the
200 kHz carrier power measured in a 200 kHz bandwidth.

The measurement of intermodulation products can be expressed in peak or average values, provided that they are
expressed in the same parameters as the per carrier power.

In terms of their effect on adjacent band systems, these specifications imply no worse performance than existing non-
mixed mode TIA/EIA-136 systems.

NOTE: A manufacturer, whose transmitters are to be used with another manufacturer's combining and isolation
equipment, may choose to specify adifferent intermodulation performance for the transmitter itself with
the understanding that the overall goal of 60 dB attenuation is to be achieved when all combining and
isolation equipment isin place in anormal installation.

Impact on Performance

The following analysis examines the impact on performance of -60 dBc intra BT S intermodul ation on 850 MHz and
1900 MHz mixed mode (while the cal culations make use of absolute values for distance, the results are dependent upon
relative geometry). See figure U.2.1.

BTS2 — z__ MS1 BTS1

R1 R2

Figure U.2.1: Intra BTS intermodulation performance analysis

The parameters are:
IMD =-60 dBc (intra BTS intermodulation attentuation level).
v = -38 (decade loss figure).
DCI =10 dB (minimum C/1).

IMD+DCI
DR=10 7 =20.7(distance ratio which will meet desired C/I given IMD).

R, + R, =1000m (maximum cell site radius).

DR= % (base to coordinated mobile R2 / interfering base to mobile Ry).
1

R=(R + RZ)% =953.9 m (R where C/I due to interfering base meets required minimum C/1).
+

Because the distance to the interfering base station is small, the reduction in antenna gain has to be accounted for. An
additional factor of 10 dB needs to be accounted for.

Therefore, the region below 10 dB isrestricted to:
ANT _CORR=10 dB (assumed antenna gain correction).

IMD+DCI - ANT _CORR
DR=10 v =37.9
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DR
R=(R+R,)———=9743 m
R+ R bR
So inthis case, it has been shown that only the last 2,6% of the range is potentially exposed.

R o_oe%
RZ
Thisis0,07% of the area

2
Rl —oome
RZ

Where power control is used and when |ess than the maximum number of channelsis operating, the actual IMD levels
will be significantly reduced.

U.3  BTS Blocking and AM Suppression Characteristics

Blocking and AM suppression characteristics are closely related and must be examined together. The primary
difference between the two is that the blocking test uses a CW tone while the AM suppression test uses a modulated
signal.

U.3.1 Overview

U.3.1.1 TIA/EIA-136

TIA/EIA-136 specifications do not include BTS blocking or AM suppression specifications in the fashion of

GSM 05.05. The closest equivalent is the protection against spurious response i nterference requirement (see
TIA/EIA-136-280, §2.3.2.4). For thistest, an interfering ©/4 DQPSK modulated signal is injected into the system

at -50 dBm along with a desired n/4 DQPSK modulated signal 3 dB above the receiver reference RF sensitivity. The
ability of the BTS receiver to discriminate between these two signals is then determined.

U.3.1.2 ETSI GSM

In GSM 05.50, the approach for determining blocking requirementsis to identify the minimum coupling loss for a
particular scenario and then use the resulting signal level to define the blocking test.

U.3.2 Scenario - Mixed-Mode Multiple MS and BTS,
Uncoordinated Close Proximity

Aside from the frequency bands, the main constraint is the separation of the uncoordinated MS and BTS. The extreme
condition is the case where the MS s close to the uncoordinated BTS and far from its coordinated BTS.

The 850 MHz mixed-mode system is required to operate in the following frequency bands:
- 824 MHz to 849 MHz: mobile transmit, base receive;
- 869 MHz to 894 MHz: base transmit, mobile receive.

The 1900 MHz mixed-mode system is required to operate in the following frequency bands:
- 1850 MHz to 1 910 MHz: mobile transmit, base receive;
- 1930 MHzto 1990 MHz: base transmit, mobile receive.

With a carrier spacing of 200 kHz for GPRS-136HS and 30 kHz for TIA/EIA-136. Also, portions of the existing Rx
chain may be used.
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Since TIA/EIA-136 specifications do not include BTS blocking and AM suppression specifications in the fashion of
GSM 05.05, this scenario (see figure U.3.1) will be used to generate these specifications for mixed-mode operation.

BTS2 M52

Figure U.3.1: Blocking and AM suppression

U.3.3 Blocking Analysis

For thisanalysis, it is assumed that GPRS-136HS mobiles at 850 MHz and 1900 MHz will have similar " spectrum due
to the modulation and wide band noise" (see GSM 05.05, subclause 4.2.1) performance characteristics as their GSM900
and DCS1800 counterparts, respectively. Also, a 29 dBm mobile transmit power level is assumed at 850 MHz while a
30 dBm mobile transmit power level is assumed at 1 900 MHz.

U.3.3.1 Definition

The receiver system noise floor of a GPRS-136HS channel is assumed to be -112 dBm. Thisis derived by the
summation of kTB (-120 dBm) and NF (GSM 05.50 Annex A suggests NF value of 8 dB; however, current technology
suggest a more appropriate number such as 4 dB for this analysis) of the system. Operationally, blocking is defined as
the situation where a combination of MS noise, BTS noise, and BTS L O noise results in desensitization of the receiver
by more than 3 dB. The LO noise performance is budgeted to contribute 0,5 dB to the desensitization. See figure U.3.2.

Mobile station
blocking level

Desired signal

kTB+NF
+Wideband
Noise

kTB+NF

KT8 AT A i o

f

f,+>3000 kHz

o

Figure U.3.2: Operational definition of blocking

U.3.3.2 Calculation

- Step 1 - Receiver system noise floor:

—112 dBm
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- Step 2 - Acceptable 850 MHz M S wideband noise in 200 kHz:
[ 7112+370.5j [ 112 J
MSN200=10log,,|10* ° /-10' 1°/|=-113 dBm

- Step 3- Resulting BTS LO phase noise power for 0.5 dB degradation in BTS receiver sensitivity:

LO =10l0g,, 10[%J —10(MS;°200J —10[%] =-119 dBm

- Step 4 -850 MHz MS wideband noisein 100 kHz (i.e., MS wideband noise is measured using a 100 kHz filter):
MSN100= MSN200-3=-116 dBm

- Step 5 - Calculate the Associated Blocking Tone Level (ABTL), given -114 dBm received noise level:
ABTL = MSN100+ 71+ 8=-37 dBm

where 71 dBc is relative to desired signal's carrier power in 30 kHz [for 850 MHz M S (< 33 dBm transmit power
GSM 05.05 subclause 4.2.1) wideband noise at > 6 000 kHz] and 8 dB is 30 kHz to 200 kHz conversion factor
from GSM 05.50 clause 6.

To account for MS and BTS performance marginsit is proposed that the blocking test level be increased to -33 dBm for
the larger frequency offsets. In addition the same value will be applied to 1900 MHz mixed mode as well.

The reference sensitivity performance as specified in the above example shall be met when the following signals are
simultaneoudly input to the receiver:

auseful signal at frequency fo, 1 dB above the reference sensitivity level as specified in subclause 6.2 in GSM 05.05;

acontinuous, static sine wave signal at alevel asin the table below and at afrequency (f) which is an integer multiple
of 200 kHz.

U.3.4 AM Suppression Analysis

Since blocking and AM suppression characteristics are closely related, the analysis used in the previous section can be
used to determine the AM suppression reguirement.
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Annex V:
LCS scenarios

V.1 Introduction

The purpose of the documents in this annex is to give background information about LCS requirementsin
GSM 05.05/05.10.

Clause V.2 defines the worst case proximity scenario for the control mobile station of a TOA Type A LMU whichis
colocated at aBTS (aTOA Type A LMU isan LMU which is accessed over the normal GSM air interface as described
in GSM 03.71).

Clause V.3 discusses the TOA LMU (Type A and B) RF requirements as specified in annex H.1.2 of GSM 05.05.
Clause V .4 presents simulation results of TOA LMU performance as specified in annex H.1.3 of GSM 05.05.
Clause V.5 discusses the RIT measurement requirements for a TOA LMU as specified in annex H.1.4.

Clause V.6 presents simulation results of an E-OTD LMU and an E-OTD capable mobile station as specified in
annex H.2 and | of GSM 05.05, respectively.

Clause V.7 discusses the relationship between BTS frequency source stability, location estimate accuracy and LMU
update rates as described in annex C of GSM 05.10.

Annex V.A gives background information about the channel models and system simulator parameters used for
performance evaluation of mobile positioning methods.

Annex V.B gives simulation results about coexistence of EDGE and GSM modulated signals for E-OTD positioning.

V.2 TOA Type A LMU in a Co-Located Deployment

V.2.1 Constraints

Aside from the frequency bands, the main constraint is the physical separation of the Type A LMU and BTS. The
extreme conditions are when the Type A LMU is close to or remote from the BTS.

V.2.2 Frequency Bands and Channel Arrangement (clause 2 of
GSM 05.05)

The system is required to operate in at least one of the following frequency bands.
PCS1900

- 1850 MHzto 1910 MHz: LMU transmit, base receive;

- 1930 MHz to 1 990 MHz: base transmit, LMU receive;
with a carrier spacing of 200 kHz.

In order to ensure the compliance with the radio regulations outside the band, a guard band of 200 kHz between the
edge of the band and the first carrier is needed at the bottom of each of the two subbands.

V.2.3 Proximity for DCS1800/PCS1900

Table V.1 shows the worst-case coupling-loss example that might be encountered in a colocated deployment.
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Table V.1: Worst case proximity scenario for co-located deployment

Characteristic Value
BTS height, Hy (m) 15
LMU OTA antenna height, H, (m) [4] 3
Horizontal separation (m) [3] 6
BTS antenna gain, G, (dB) [1] 10
BTS antenna gain, G' (dB) [2] 0
LMU OTA antenna gain, G, (dB) 0
Path loss into building (dB)
Cable/Connector Loss (dB) 2
Body Loss (dB) N/A
Path loss - antenna gain (dB) 62.6

NOTE 1: Bore-sight gain.

NOTE 2: Gain in direction of LMU OTA antenna.

NOTE 3: Horizontal separation between LMU OTA
antenna and BTS.

NOTE 4: The LMU OTA (Over The Air) antenna is the
Rx/Tx antenna the Type A LMU is using to
communicate with the GSM network ("control
mobile station").

Path loss is assumed to be free space i.e.
38,0 + 20 log d(m) dB, where d is the length
of the sloping line connecting the transmit
and receive antennas.

These examples suggest that the worst (ie lowest) coupling lossis 62,6 dB. Thisis about 2,5 dB less than the minimum
coupling loss (MCL) of 65 dB that is assumed for astandard MS - BTS configuration. The coupling lossis defined as
that between the transmit and receive antenna connectors. To ensure that no degradation or saturation effects occur, the
LMU OTA antenna should have appropriate attenuation added to its output such that the MCL is maintained at or above
65 dB.

V.2.4 Inputs needed
Working assumptions

Propagation model Free space (up to [200] m maximum)

V.2.5 Conclusion

Colocating a TOA Type A LMU causes the current assumptions about minimum coupling loss between the BTS and

the control mobile station of the LMU (OTA Rx/Tx antenna) to be violated by about 2,5 dB (in the worst case). This

number is so low that no additional standardization is required. Appropriate attenuation should be added to its output
port such that the MCL is maintained at or above 65 dB.

V.3  Discussion of TOA LMU RF Specification

V.3.1 Introduction

Two physical configurations of the uplink TOA (UL-TOA) location measurement unit (LMU) installation are expected,;
stand alone, and shared. A stand-alone LMU is defined asan LMU unit external to a GSM base station cabinet with its
own set of antennas. This stand-alone unit may be co-located with a GSM base station, or deployed at aremote
location. Whilethisisthe most desirable implementation from a performance and deployment flexibility standpoint, it
is recognized that for aesthetic and economic reasons, an LMU which shares the existing base station antenna
infrastructure may be required. This sharing can be accomplished for an LMU placed inside the base station cabinet, or
for an LMU externa to the cabinet.
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To maintain the noise figure of the GSM base station when a stand-alone LMU is coupled into the BTS antenna, a
remote LNA will be required at the antennas to compensate for the excess insertion loss introduced. If the LMU
resides within the BTS cabinet, it is assumed that the coupling will occur within the RF distribution chain for the GSM
TRX modules. For this case, the coupling will most likely occur after the duplexor and pre-amplification, and either
side of the internal multi-couplers.

For either the external or internal coupling case, the LMU TOA receiver may be exposed to RF input signals, which are
amplified to alevel that is greater than that required to compensate for the losses incurred in the system. Thishasa
twofold effect; 1) it will improve the system input sensitivity, and 2) it will increase the input power level of in-band
and out-of-band interference and blocking sources. These two effects combined will result in an increase in the required
dynamic range of the TOA receiver, resulting in increased implementation complexity and cost. Proposed hereisa
simple method of maintaining the stand- alone LMU TOA receiver sensitivity and dynamic range when configured with
a shared antenna configuration.

The solution suggested, takes advantage of the fact that the front end gain block can set the system noise figure (and
hence sensitivity of the LMU) if there is sufficient gain in the block to overcome all of the losses that occur between the
gain block and the LMU front end. 1t will be shown, that for a given LNA noise figure, there is a unique excess gain
allowed, at the input to the LM U, which results in no change to the LMU input sensitivity for a shared unit versus a
stand alone unit. Simultaneously, for reasonable LMU and LNA receiver design parameters, this excess gain is small
enough to not significantly change the design requirements for the upper end of the stand-alone LMU receiver dynamic
range.

V.3.2 Analysis Model

Figure V.3.1 illustrates the block diagram for a generic (coupling either interna or external to the BTS cabinet) shared
antennainstallation. In thisfigure, the gain element is represented by the block containing GainLNA/NFLNA. After
this gain block is a coupling element which divides the input signal into the BTS and LMU paths. The coupling ratio of
this element should be determined based on the excess gain available to the LMU as described bel ow. Should the
coupling ratio not be sufficient to "pad” the input RF signal into the LMU to an acceptable level, then anin-line
attenuator can be inserted between the coupling device and LMU.

GainLNA > 10 dB! NFLMU=?

ExGain="?

..................................

ToBTS
(Input or Multicouplers)

Figure V.3.31: Analysis Block Diagram

V.3.3 Results

Figure V.3.2 illustrates the excess gain alowed, at the LMU receiver input, which results in a minimal degradation of
the stand alone LMU input noise figure, when the LNA noisefigureis4 dB. Asshown, an LMU receiver with an input
noise figure of 6 dB can tolerate an excess gain of 4 dB before any change in the receiver sensitivity is seen. For this
configuration, an excess gain of 6 dB would result in an improvement in the receiver sensitivity of 2 dB, while at the
same time requiring that the receiver high power RF input characteristics (blocking, inter-modulation, AM suppression)
be designed with a minimum margin of 6 dB. For an LMU receiver with a5 dB noise figure, 6 dB of excessgain at the
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input will have no effect on the receiver sensitivity performance, while requiring a 6 dB increase in the high RF input
power receiver characteristic margins. However, if the LMU noise figure is 8 dB, then a 6 dB excess gain at the input
will result in a4 dB increase in receiver sensitivity and a minimum 6 dB increase in the margin required for the high
power RF input characteristics.

Excess Gain Allowed
4 dB NFLNA
8
7 o ol el
PR
o
s ° Yl | | | ||+-tMUuNF=548B
- ///*—-/-'/""’ —= LMUNF =6 dB
Q 3 //, —a—LMUNF =8 dB
L
2 W’A/A—A’m o
e
0 1
O Y X 6 B O I PH L RO
GainLNA (dB)

Figure V.3.32: Excess Gain allowable versus Input LNA gain for various LMU noise figure values

V.3.4 Conclusions

The analysis performed, shows that for a stand alone LMU receiver, with a noise figure between 5 dB and 8 dB,
preceded by an LNA block, with a noise figure of 4 dB, an excess gain at the LMU input of 6 dB can be tolerated with
minimal impact to the receiver design. The net effect of adding an LNA block in front of the LMU TOA receiver isto
amplify the desired and interference input RF signals by the same amount. 1t is therefore proposed that the carrier
power requirement for Blocking, Inter-modulation, and AM suppression be 9 dB (3 dB + 6 dB) above the reference
sensitivity, and that the interference power levels be increased by 6 dB over those specified in subclause 5.1 of

GSM 05.05 for anormal BTS. By specifying the interference environment and carrier power levelsin this way, the
effect on the cost and complexity of the radio hardware design suggests that the specified sensitivity, blocking, AM
suppression, and inter-modulation requirements can be met with a single radio architecture for stand alone and shared
antenna LMU applications.

V.4  Simulation results for TOA-LMU performance

V.4.1 Introduction and requirements

The Uplink Time—of—Arrival (TOA) positioning method requires Location Measurement Units (LMUSs) to accurately
measure the TOA of signals transmitted by an M'S upon request (see GSM 03.71). Typicaly, LMUs are colocated at
BTS sites. The main task of a TOA-LMU isto capture the bursts from the MS and estimate a TOA value relative to the
LMUsinternal time base. To calculate the MS position, TOA measurements from at least three (3) LMUs are required.
To avoid situations with poor measurement geometry and to combat low SNR, it may be preferable to use more LMUs
for measurement. In cellular systems of today, the Carrier—to—Interference ratio (C/1) to distant BTSs (LMUs) is
typically low.

FiguresV.4.1 and V.4.2 show the C/(1+N) distribution for the first 6 measurement links for the Bad Urban and Rural
environment, respectively. The system simulation parameters are as follows (see annex V.A).
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Parameter Value
Receiver Noise -118 dBm
Adjacent Channel Attenuation 18 dB
Frequency Plan 3/9
Antenna Gain (Sector) 17.5dB
MS Peak Power 0.8W
Frequency Band 900 MHz
Handover Margin 3dB
Log-Normal Fading 6 dB
Lognormal Correlation Distance 110 m
Inter-BS Lognormal Fading Correlation 0
Base Station Antenna Height 30m
MS Antenna Height 15m
Distance between BS
Bad Urban: 1500 m
Rural: 30000 m
Channel Utilization
Bad Urban: 80%
Rural: 40%

At the 10" percentile, 3 measurement links can be found with a C/(1+N) greater than about 0 dB. To allow TOA
measurements performed at up to 5 LMUs, TOA measurements at C/(1+N) of less than —10 dB shall be possible (at the
10" percentile). At the 3" percentile, the necessary C/(I+N) requirement for up to 5 LMUsis-13 dB.

Bad Urban
100 e
— 1g¢LMU
rrrrrrrrrrrrr 2nd LMU o
ol 3rd LMU AV /
ahmu | S /0 )
—— 5thLMU [/
T 6thLMU |/
IS 10 / ,"} /
G i // ! ; ’(
- ; /
,,‘"'} // ,"’ f‘/ r
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]—'40 -30 , -20 -10 ‘ 0 10 20
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Figure V.4.1: C/(I+N) distribution in Bad Urban environment
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Figure V.4.2: C/(1+N) distribution in Rural environment
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Positioning accuracy in acellular system depend on a number of factors. The most important ones are:

- Measurement Geometry: Thelocation of the LMUs and the MS will influence the accuracy of the position fix,
due to the phenomenon called Geometric Dilution of Precision (GDOP).

- Number of Measuring LM Us: Increasing the number of measuring LMUs yieldsin general better accuracy.

- TOA Measurement Accuracy: TOA measurement accuracy depends on SNR, propagation environment
(multipath), etc.

Figure V.4.3 shows the Circular Error Probability (CEP) (i.e. the probability of locating the MS within acircle of radius
r ("CEP-radius")) for different number of LMUS, for different accuracies of the TOA estimate and for different CEP
radii. The assumption were as follows:

- Hexagonal arrangement of LMUs in acellular network.

- The TOA measurement errors are assumed to be Gaussian distributed with standard deviation o; , which is equal
for each measurement link. &:={0.17, 0.33, 0.5, 0.67} [us] which correspondsto o; = {50, 100, 150, 200 } [m]
as shown in the figure legend of figure V.4.3.

- 4 different CEP radii are evaluated in figure V.4.3: 50 m 100 m, 150 m and 300 m (shown in the title of each
figure).

From FigureV.4.3 (upper right) one can see, that in order to locate a M S within aradius of 100 min 67% of the cases,

5 LMUs are required with a TOA estimation standard deviation of about 100 m for each measurement link. To locate
95% of the M Ss within 300 m, 3-4 LMUs are required with TOA estimation accuracy of 100m (lower right figure).
NOTE: Positioning performance is determined from a multitude of individual links each with distinct operating point
(C/l and Ew/No), shadow fading, and multipath dispersion. These random parameters, the random delay estimates
corresponding to unique realizations of noise and interference, plus the unique solution geometry for any mobile
location chosen in the service area mean there is not a straightforward, systematic way to relate average position
location performance to individual link performance. The analysis above is only valid under the given assumptions. In
reality, the TOA measurement accuracy will vary considerably between the different LMUSs. For example, the LMU co-
located with the serving BTS will always have a better TOA estimation accuracy than the neighbour links. However,
under the assumptions above, the FiguresV.4.3 give some indication of the required TOA estimation accuracy. The
TOA estimation accuracy should be about 100 m per link if 5 LMUs are used in order to obtain 100 m (67%) and 300m
(95%) positioning accuracy.
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100 100
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Figure V.4.3: Circular Error probability for various CEP radii

V.4.2 Simulation model

All simulations are based on floating point calculationsin all parts of the transmission chain. No quantization effects are
taken into account. In order to cover the performance of areal receiver an additional implementation margin of three (3)
dB shall be alowed. This means, that a simulated value at —12 dB C/I corresponds to the performance of areal LMU at
-9 dB C/I. Taking areasonable noise figure (8 dB) into account, a simulated value of -16 dB Ey/Ny corresponds to the
performance of areal LMU at -13 dB Ey/No which corresponds to the reference sensitivity input level of the LMU as
defined in GSM 05.05 (annex H.1, table H.1.1).

The carrier signal consists of GM SK modulated Random Access Bursts. The duration of the carrier signal is 320 ms.
The Access Bursts occur once every TDMA frame in a 26-frame multiframe, except in frame number 12 and 25.

The access bursts contain 36 encrypted bits, which include the handover reference number and (indirectly) the BSIC of
the base station to which the handover is intended. The handover reference number and the BSIC is made known to the
LMU(GSM 04.71). Therefore, the whole Access Burst is used for TOA estimation (and not only the training sequence).

The measurement accuracy is the root—mean—square error (90%) as defined in GSM 05.05 (annex H.1.3.1). A total
number of 1000 measurement trials are performed.

NOTE 1: The RM Sy criterion has been chosen here because it is less sensitive to occasional large outliersin the
TOA estimate. For alimited number of test iterations, the measured RM Sqp error converges more quickly
to the true RM Sy error than the 100% RM S error because infrequent large outliers do not influence the
statistic.

The LMU uses a correlation search window of 20 bit periods (GSM 04.71), as defined in GSM 05.05 (annex H.1.3.1).
The true time of arrival is uniformly distributed within the correlation search window for each measurement trial.

NOTE 2: Thisisnecessary in order to randomize the sampling instant at the LMU and therefore, to avoid sampling
the correlation function always close to its maximum val ue.

The interfering signal consists of GMSK modulated normal bursts. The training sequence is chosen randomly from the
8 possible normal bursts training sequences, but kept fixed during one 320 ms measurement trial.

The time offset between the carrier and the interferer signal is uniformly distributed between 0 and 156.25 bit periods,
but fixed during one 320 ms measurement trial, as defined in GSM 05.05 (annex H.1.3.2).

NOTE 3: At very low C/I values, the cross correlation between the carrier training sequence and interfering training
sequenceis not negligible. Therefore, it is necessary to define this measurement scenario.

V.4.3 Assumed TOA estimation algorithm

The used TOA estimation algorithm performs first a correlation of the received bursts with the expected sequence and
second an incoherent integration of the correlation resultsin order to find the maximum value of the correlation. The
correlation result isinterpolated to give the desired resolution. A multipath rejection algorithm is applied which exploits
the fading of the multipath channel.
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V.4.4 Simulation results

V.4.4.1 Sensitivity performance

Figure V.4.4 shows the root—mean-sguare error (RM SEgo) of the estimated TOA (in us) at the LMU as function of
Ew/No in an AWGN channel. Above a certain Eo/No , the TOA estimation error decreases exponentially with increasing
Ew/No Below acertain Ex/No value, the TOA error increases rapidly, because the bursts are less likely to be detected.
The TOA error isthen uniformly distributed within the correlation search window. The detection threshold is

around -20 dB Ep/No. The figure V.4.5 shows the corresponding result in a flat Rayleigh fading channel, with perfect

decorrelation between the bursts.
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Figure V.4.4: TOA estimation error (in us) as function of Es/No in a static channel
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Figure V.4.5: TOA estimation error (in us) as function of Eo/No in a flat Rayleigh fading channel

V.4.4.2 Interference performance

FiguresV.4.6 and V.4.7 show the TOA estimation performance as function of the carrier—to—interference ratio (C/1) isa
static channel and in aflat Rayleigh fading channel, respectively (Ex/No=28 dB (according to GSM 05.05

(annex H.1.3.2)).
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Figure V.4.6: TOA estimation error (in us) as function of C/l in a static channel
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Figure V.4.7: TOA estimation error (in us) as function of C/l in a flat Rayleigh fading channel

V.4.4.3 Multipath performance

Figure V.4.8 shows the performance of the TOA LMU in a multipath propagation channel. The channel profileisthe
typical urban channel (TU, 12 tap setting), as specified in annex C of GSM 05.05. The MS speed is assumed to be

3 km/h and ideal FH is assumed (according to GSM 05.05, annex H.1.3.3).
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Figure V.4.8: TOA estimation error (in pus) as function of Es/No in @ TU3 channel

NOTE: The purpose of the multipath test casein GSM 05.05 (annex H.1.3.3) is only to guarantee that the LMU is

able to handle multipath errors. For comparison, if the TOA estimate at the LMU would be determined
without any multipath rejection mechanism (i.e. determine the maximum in the correlation only) the
results shown in figure V.4.9 would be obtained. In that case, the TOA estimation error will not decrease
with increasing SNR and the estimated TOA will be the mean excess delay of the channel profile. The
channel models defined in GSM 05.05 (annex C) have only been chosen here to simplify testing of
LMUs. For evaluation of positioning systems, more complex channel models have been developed, which

are described in annex V.A.

TU3
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Figure V.4.9: TOA estimation error (in us) as function of En/No
in a TU3 channel without multipath rejection

V.4.4.4 Positioning Performance

Assumptions:

Evaluation using channel models and system simulation techniques according to annex V.A.

Measurement signal: 70 handover access bursts (41 bit training sequence) measured with diversity during 0,32 s
(resulting in 140 bursts processed).

Frequency hopping over 4 frequencies.

Two antennas used for reception.
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e Frequency plan 3/9.

e 3,5o0r 7 location measurement units were ordered to measure. All units were able to perform the measurements,
i.e. no blocking has been considered.

e 250 Monte-Carlo runs.
o Perfect time stamping (knowledge of "RTD" between different TOA units).

Smulation Results:

Environment MS speed Perc. at Error at Error at RMSE of Number of
[km/h] 125m [%)] 67% [m] 90% [m] 90% [m] LMUs

Urban A 3 51 221 > 500 238 3
79 97 173 82 5

85 83 139 70 7

Urban A 50 59 181 > 500 192 3
86 79 146 66 5

91 60 113 53 7

Urban B 3 64 133 313 114 3
95 56 88 45 5

98 43 67 35 7

Urban B 50 76 89 270 88 3
97 40 74 34 5

98 29 57 25 7

Suburban 3 80 93 225 85 3
99 49 75 40 5

99 40 61 33 7

Suburban 50 83 82 178 75 3
99 42 69 35 5

99 31 53 27 7

Rural 3 81 80 205 72 3
99 36 61 30 5

99 30 52 25 7

Rural 100 87 63 146 54 3
99 29 50 24 5

99 24 36 19 7

V.5 Discussion of RIT measurement performance of TOA
LMU

For Uplink-TOA, the LMU isrequired to perform Radio Interface Timing (RIT) measurements to associate GSM time
for aBTS to the time base the LMU isusing (i.e. GPStime) (GSM 04.71). This RIT measurement allows the SMLC to
calculate for each TOA measuring LMU a correlation search window which contains the correlation peak
corresponding to the propagation delay of the mobiles signal. The width of this correlation search window is established
by the maximum range ambiguity from the mobile to each LMU plus additional system errors. The range ambiguity
arrises because the location of the mobile prior to the location measurement is known only to within the serving cell or
sector plus Timing Advance (TA) radius. Additional ambiguity isintroduced from Timing Advance errors, BTS and
LMU location errors, MS transmitt timing uncertainties and RIT measurement errors. An RIT measurement error up to
+2 hitsistypically a minor component of the overall ambiguity and does not impact the performance of the Uplink
TOA location system.
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V.6 Simulations Results for E-OTD LMUs and E-OTD
Capable MSs

V.6.1 Introduction

E-OTD LMUS and E-OTD MSs measurement performance are specified in GSM 05.05 annex H.2 and |, respectively.
The object of this section isto give some justification for the figures found in the requirementsin GSM 05.05.

First, a presentation of the simulation results for E-OTD measurement accuracy is given. The simulations show the
E-OTD accuracy achieved for the configurations used in GSM 05.05. Secondly, simulation results for the overall
location accuracy achieved in an idealised network are also provided.

There are equal requirements for an E-OTD LMU and an E-OTD capable M S. Hence, the simulation results apply to
both.

V.6.2 E-OTD Measurement Accuracy

The downlink E-OTD positioning method requires the mobile to measure the time of arrival of bursts received on the
BCCH of neighbor sitesrelative to areference (or serving) site. Since a position calculation requires measurements
from at least three sites, the caller is positioned by measuring the time of arrival of multiple GSM bursts transmitted on
the Broadcast Control Channel (BCCH) from at least three sites on the cell plan. The simulationsin this report only
cover GMSK modulated bursts. In EDGE, it is allowed to have 8-PSK modulated bursts on the BCCH carrier (on time
dots 1-7). Annex V.B gives a presentation of the probability of distinguishing 8-PSK modulated bursts from GM SK
modulated bursts.

For more detailed information about the E-OTD location method, see GSM 03.71 annex C.

V.6.2.1 Sensitivity Performance
The been performed in the following way based on the requirementsin GSM 05.05:
- GMSK modulated normal bursts (TSC #0) have been used for E-OTD measurement.

The E-OTD MSreceives areference BCCH carrier with a power level of 20 dB above the reference sensitivity level
of -102 dBm.

The E-OTD MSreceives a neighbour BCCH carrier with power levelsin the range of -8 to 20 dB relative the reference
sensitivity level of -102 dBm.

The channel is static, remaining at a constant signal level throughout the measurements.

The E-OTD Mohile Station receives twenty-six GM SK modulated normal bursts from the reference site, and twenty-six
GMSK modulated normal bursts from the neighbour site.

The E-OTD Mobhile Station uses a correlation search window of 9 bit periods, i.e. it searches within 4 bit periods of
the actual location of the training sequence. This corresponds to measurement uncertainty of £14.76 us (or 4.4 km).

The E-OTD measurement algorithm was implemented using multipath rejection with no measurement weighting.

The measurement accuracy of the E-OTD Maobile Station is defined as the RM S val ue of 90% of the measurements that
result in the least E-OTD error, according to annex 1.2.1 of GSM 05.05.

N=300 trials were used to determine the measurement error.
A SNR of 0 dB is assumed at an input power level of -110 dBm.

The simulation results are shown in figure V.6.1.
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Figure V.6.1: E-OTD Mobile Station measurement accuracy in the static channel

V.6.2.2 Interference Performance

For interference simulations, conditions are for the static channel case, but the neighbour BCCH carrier is now fixed at
apower level of -82 dBm and has one of the following interfering channels:

Interfering channel C/I Simulation range [dB]
Co-channel interference 0—-10
Adjacent channel interference: 200 kHz -18 > -8
Adjacent channel interference: 400 kHz -41 — -39

The simulation results are shown in figuresV.6.2to V.6.4
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Figure V.6.2: E-OTD Mobile Station measurement accuracy in the static channel
in the presence of co-channel interference
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Figure V.6.3: E-OTD Mobile Station accuracy in the static channel
in the presence of adjacent channel interference
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Figure V.6.4: E-OTD Mobile Station accuracy in the static channel
in the presence of alternate channel interference

V.6.2.3 Multipath performance

For multipath simulations, conditions are for the static channel case, but the neighbour BCCH carrier now propagates
through the TU3 channel. Results are shown in figure V.6.5.
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Figure V.6.5: E-OTD Mobile Station accuracy in the TU3 channel

NOTE: The purpose of the multipath test casein GSM 05.05 is only to guarantee that the LMU and MS are able
to handle multipath errors. The channel models defined in GSM 05.05 (annex C) have only been chosen
here to simplify testing of LMUs and M Ss. For evaluation of positioning systems, more complex channel
model s have been developed, which are described in annex V.A.
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V.6.3 Location accuracy

This subclause aims to give a presentation of simulated location accuracy with the simulation results shown in the
previous section.

NOTE: Positioning performance is determined from a multitude of individual links each with distinct operating
point (C/l and Ew/No), shadow fading, and multipath dispersion. These random parameters, the random
delay estimates corresponding to unique realisations of noise and interference, plus the unique solution
geometry for any mobile location chosen in the service area mean there is not a straightforward,
systematic way to relate average position location performance to individua link performance. The
analysis above is only valid under the given assumptions.

V.6.3.1 Network parameters

Thirty-six base stations were arranged in a uniform 6 x 6 pattern over the simulation area and assigned to the
4/12-frequency plan. This frequency plan is defined as having three (120°) sectors per site and four sites per cluster, for
atotal of 108 sites on the cell plan. It is configured such that the same sector of every other site is a co-channel
interferer. The distance between adjacent base stations was defined according to the assigned multipath channel, in
accordance with annex V.A.

Two hundred fifty mobile stations were randomly placed over the entire smulation area. In order to simulate an infinite
network (and thereby avoid edge effects), the simulation area was wrapped around so that base stations always
surrounded every mobile, even those located at the edge. This technique circumvented the problem of having a mobile
at the edge experience less interference than one located in the geometrical centre of the simulation area. This
wrap-around technique permits a mobile that is making measurement on the BCCH of a site located on the northwest
border to experience interference from co-channel sites located on the southeast border.

The following gives a summary of the simulation assumptions/parameters have been used to simulate the network.

Parameter Value Used
Number of mobiles 250
Cell geometry Uniform hexagonal
Frequency plan 4/12
Maximum gain of transmitting antenna 17 dBi
Lognormal correlation distance 110 m
Carrier frequency 900 MHz
Channel speeds 3, 50 km/h
Number of BTS' 36 (wrap-around technique used to avoid edge
effects)
Maximum number of bursts measured 26
Standard deviation of lognormal fading 6 dB
BTS receiver antenna diversity 2 antennas, 6 m apart
Environment Cell Radius [m] path loss at 1 km and 900 MHZ [dB]
Urban A 500 126
Urban B 500 126
Suburban 1500 116
Rural 10,000 98

Only the MS E-OTD measurement accuracy has been taken into account in the simulations. Perfect knowledge of RTD
valuesis assumed. The channel models used are the ones defined in annex V.A.

A least squares (LS) method has been used to calculate the position of the MS.

V.6.3.2 Simulation results

TableV.6.1 summarises the results for the different channel models.
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Table V.6.1: Location accuracy simulation results

Environment MS speed Perc. at Perc. at 67% | 90% [M] 95% RMSE of Number of
[km/h] 125 m [%] | 50 m [%] [m] [m] 90% [m] Meas. units
(note)

Urban A 41 11 273 >500 >500 242 3
3 49 13 169 307 422 145 5
55 14 149 276 349 129 7
Urban A 43 12 220 >500 >500 208 3
50 55 17 160 292 406 136 5
57 13 146 255 340 126 7
Urban B 54 15 159 394 >500 145 3
3 78 32 104 173 239 86 5
82 33 90 154 209 76 7
Urban B 60 25 144 461 >500 153 3
50 80 37 84 160 196 77 5
89 45 79 126 165 65 7
Suburban 72 27 112 346 >500 108 3
3 92 48 68 118 138 58 5
97 57 57 84 101 48 7
Suburban 76 36 93 560 >500 116 3
50 95 59 55 100 122 47 5
100 68 49 71 79 41 7
Rural 75 28 99 416 >500 110 3
3 98 49 64 101 116 53 5
100 63 54 88 100 46 7
Rural 79 38 93 360 >500 95 3
50 98 59 54 85 98 46 5
100 68 48 72 82 41 7

NOTE: The number of measured units is the number of BT Ss the M'S has measured. 3 measured units means that
the MS has measured the 3 strongest BT Ss.

V.7  BTS Frequency Source Stability, E-OTD reporting
periods and E-OTD Location Accuracy

V.7.1 Factors determining E-OTD stability

In order to minimise network traffic required to support E-OTD LCS the OTDs must be reported as infrequently as
possible and so it becomes important to determine the accuracy with which OTDs can be predicted. By viewing OTDs
as measuring the relative phase of BTS transmissionsit is clear that it is the phase stability of the BTS frequency source
which determines the maximum acceptable OTD reporting period.

Assuming that the systemic phase noise disturbances are Gaussian and that LM U reporting period 7 is relatively short
(1000s of seconds) then the OTD Maximum Time Interval Error (MTIE, see ITU-T Recommendation G.810) is related
to the OTD reporting period T by:

ool
sope AT o

where E[ ] denotes the mathematical expectation operator, Var[ ] denotes the statistical variance of the bracketed
quantity, Af/fo characterizes the clock frequency accuracy, D/fo characterizes the normalized clock frequency drift rate, T
characterizes the time required to accumulate an OTD error of MTIE = At sec due to frequency instabilities, C, setsthe
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OTD measurement integrity at probability percentile 100p, and (Af(7)/fo) characterizesthe RM S fractional frequency
deviation which isrelated to the TIEms (RMS Time Interval Error, see ITU-T Recommendation G.810).

The physics of equation (1) is particularly interesting, since it partitions the frequency stability effects into two terms.
The first term characterizes the frequency instability degradations due to the average values of the frequency offsets
between BTS OTD reference signals. The second term characterizes the RM S fluctuations of the BTS OTD reference
signal frequency offsets, their frequency drifts and the time dependent phase noise fluctuations.

Since the OTD reference signal drift rate (aging) times the measurement period will be small relative to the clock
frequency offset and phase noise effects, these terms can be neglected (or they can be estimated through signal
processing) for the T intervals of interest. Thus (1) reducesto:

{ Afi Afjj
At=7 B[S -—1
fo fo

(Af, A, A (D)) (A (D))
+ C, |Var|| = ——L | |+| = @, AL )
B f0 f0 fo f0
From the perspectives of Equations (1-2), the OTD time stability requirements can be assessed. Here Cp setsthe OTD

measurement integrity in a probability sense that, after 7 seconds, the relative frequency difference between two BTS

clocks will cause At seconds of time error to accumulate between BTS clocks with probability p. For example, with
p=0.997, then C,=3 and with p=0.90, C,=1.65. The value of C,, also serves to weight the relative importance of the
systematic and random frequency instability effects on the accumulation of time error.

Finally, if one further assumes that the OTD reference signal frequency accuracies are also estimated using signal
processing methods and that these estimates are sufficiently accurate so as to place these disturbances well below those
set by the random phase noise effects, then (2) reducesto:

At=+/2-C, -TIE, (7)

This eguation relates MTIE to the TIE:ms value as a function of the OTD reporting period, T, and can be used to
demonstrate trade-offs between location accuracy, MTIE, OTD reporting period and TIE:ms for a confidence level of p.

V.7.2 Relationship between range errors and location error

The relationship between E-OTD range measurement errors and location errors depends on the number and relative
positions of the BTSs present. This relationship is sometimes summarised by a value known as the horizontal dilution
of precision, HDOP. Since at least three BT Ss are required for E-OTD location we consider as a reference scenario the
case of three BTSs arranged in an equilateral triangle. Asan MS movesinside the equilateral triangle defined by the
BTSs the HDOP varies between 1.2, when the MSis at the centroid, to a maximum of 2.6.

Table V.7.1: Location error as a function of OTD MTIE

E-OTD MTIE + @ 95% r max £ @ 95% E-OTD radial location error
(rms)
50 ns 15m 09.1mto19.1m
100 ns 30m 18.3mto38.2m
200 ns 60 m 36.7mto 76.4 m

Table V.7.1 shows the behaviour of location accuracy under the reference scenario for three levels of timing error,
OTD MTIE, and corresponding range error, I . Note that the timing error, E-OTD MTIE, isafunction of both BTS
frequency source stability and the E-OTD reporting period (see GSM 5.10).
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Annex V.A:
Evaluation of Positioning Measurement Systems

1 Introduction

In order to evaluate and compare different positioning measurement systems, it is highly desirable to define a common
positioning simulator.

The single most important effect when eval uating positioning performance is multi-path propagation. The performance
of positioning measurement systems is very dependent on the severity of the multi-path propagation. A simulator is
more efficient than field trials when eval uating performance with respect to multi-path, since it can model a vast
number of radio channels. Due to the importance of multi-path, it is essential to define a common channel model when
comparing positioning performance.

The present document proposes a compl ete positioning simulator. The details are however focused on the essential
channel model. The proposed channel model has a multi-path statistic that corresponds to a large number of field
measurements.

The outlineis asfollows. In Section 2 an overview of the positioning simulator is provided. The remaining part of the
document describes the various components of the positioning simulator:

e System Simulator (see clause 3).
e Radio Link Simulator (see clause 4).
e Channel Model (clauses5to 7).

o Position Calculation and Statistical Evaluation (clause 8).

2 Positioning Simulator

In order to evaluate the positioning performance, it is not sufficient to only simulate the measurement performance over
aradio link. Instead an integrated positioning simulator is needed. The positioning simulator performs the following
steps (see figure 2.1):

Define environments and system parameters. Thisincludes multi-path channel characteristics, path loss parameters,
inter-BS distance and frequency plans.

System simulation: Generate frequency and cell plan. Randomly place MS on the cell pattern. For each M S:
Select measurement links: A strategy needs to be implemented which links to use when to positioning the particular MS
Determine characteristics for each link:

EXAMPLE: Cl/l, CIN, C/A, distance (d), angle (c).

Radio Link Smulation: For each link arealization of the channel model needs to be utilized by the radio link simulator
to determine the measurement value and its corresponding measurement quality for the specific link.

Position Calculation and Statistical Evaluation: Estimate the position of the MS given the measurement data and BS
locations. Compute circular error and present statistics.
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Figure 2.1: Positioning Simulator
3 System Simulator

The System Simulator is the basis of the Positioning Simulator. Here a cell and frequency plan is created and mobile
stations to be positioned are randomly distributed over the cell structure (see Figure 3.1). In order to save infra-structure
costs, usually one physical base station is built to serve three different cells. Directional antennas are used to
differentiate the coverage areas, as shown in figure 3.1. Each base station serves three surrounding cells. The coverage
area of the cells are represented by hexagons.

Figure 3.1: A MS in system
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3.1 Initiation

BS's are placed over an areain auniform hexagonal pattern, and a frequency plan is defined. The frequency plan
assigns each BS anumber of traffic channels and one Broadcast Control Channel (BCCH). MS's are placed randomly
on the cell plan. The number of MSsis chosen corresponding to the desired offered traffic. In order to avoid that MS's
close to the borders of the cell area have a more advantageous interference situation, a wrap around technique is used.
This means for example that an MS located on the northeast border can be disturbed by BS's on the southwest side.

3.2 Path loss calculations

The received signal power is computed according to the Okumura-Hata formula (see [10]) as:

I:)r :Pt+ga_Lp_7/Iog(d)+gf (3.1)

In(3.1), B, isthe transmitted power, g, isthe antennagain in the direction to the MS, Lp and vy are environmental

dependent constants, d isthe distanceinkm, and g ; isthe lognormal fading. The lognormal fading is determined from

a"lognormal fading map", which defines the excess path loss at different points on the cell plan. Parameters such as
correlation distance for the lognormal fading and inter-BS lognormal fading correlation are taken into account. If the
inter-BS lognormal fading correlation is zero the excess path losses to different BS's are independent.

The excess path loss in indoor environments is modeled as alognormal random variable with mean m and standard
deviation . In practice thisisimplemented by adding mto the path |oss and increasing the standard deviation of the
lognormal fading, so that the lognormal fading consists of the sum of the outdoor and indoor fading.

For the uplink, the M S peak output power used is 0.8W (29dBm) and receiver noisein the BS-118 dBm. It is possible
to simulate the effect of M'S power control. If this option is used less output powers can be used e.g. close to the serving
cell.

On the downlink, the BS transmits continuously with full power on the BCCH channel and is not subject to any power
control. Simulations are run for balanced links, i.e. the relation between transmission power and receiver noise isthe
same as for uplink. Note that absolute values of transmit power and noise do not affect the result and do not need to be
specified.

3.3 Channel allocation

The system simulator is static, i.e. snapshots of the system are taken. To model the dynamic behavior, handover margins
are used. A mobile randomly triesto connect to a BS with asignal strength that is within the handover margin from the
strongest BS. The number of available channelsin the system is fixed and finite. Thus, only a part of the MSsis able to
connect. The fraction of connected MS'sto the total number of channelsis calculated and is called channel utilization.
The total number of placed MS'sis chosen to give desired channel utilization.

3.4 C and | calculations

Based on the channel allocations, the total received signal powers and interference powers for al possible radio links
are computed. Thereby, cochannel and adjacent channel interference, and receiver noise is taken into account. For
communication, only C/I (note) on the allocated channel for a particular MSisinteresting. For positioning, C and | for
all BS-MSradio links are interesting since measurements must be performed to more than one BS. The C and | values
are passed to theradio link simulator. Note that the calculated C and | are average values. Fast fading and multi-path
propagation is modeled in the radio link simulator.

NOTE: To simplify notation we let | denote the combined effect of cochannel interference (1), adjacent channel
interference (A) and receiver noise (N).

On TCH channels Discontinuous Transmission (DTX) may be used. With this feature the MS does not transmit during
speech pauses. The model assumed isthat MSis active 60 % of the time. The effect of DTX isthat the interference
levels are lowered. DTX does not apply to BCCH channels.
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3.5 Dropping calls with too low C/I
The C/I on the traffic channel is checked. If TCH C/I isbelow 9 dB on downlink or uplink traffic channel, the MSis

considered not to be able to maintain the call, and the MS is omitted from the calculation. From a positioning
perspective thisis acceptable since MS will anyway not be able to communicate its position.

3.6

All parameters common to the system simulator are listed in table 3.1. Environment dependent parameters arelisted in
table 3.2.

System simulator parameters

Table 3.1: Common System Parameters

Parameter Suggested Value
Receiver Noise -118 dBm
Adjacent Channel Attenuation 18 dB

Frequency Plan (3 Sector) on TCH

3/9 (note 1)

Frequency Plan (3 Sector) on BCCH

4/12 (note 2)

Antenna Peak Gain (Sector) 17.5dB

MS Peak Power 0.8W
Frequency Bands 900 MHz

BS Receiver Antenna Diversity 2 Antennas 6 m apart
Handover Margin 3dB
Log-Normal Fading (outdoors) 6 dB
Lognormal correlation distance 110m

Inter-BS lognormal fading correlation 0
Base Station Antenna Height 30m

NOTE 1: The frequency reuse strategies are often expressed
as m/n, where m denotes the number of sites per
cluster and n denotes the number of cells per cluster.
NOTE 2: The number of measured units is the number of
BTSs the MS has measured. 3 measured units
means that the MS has measured the 3 strongest
BTSs.
Table 3.2: System Environments
Distance Mobile Average Log- ¥ Lp (+m) [dB] Channel
Environment Between Speed Channel normal (900 (900 MHz) Model (see
BS [m] [km/h] Utilization | fading std MHz) clause 5)
(outdoor
+indoor)
[dB]
Bad Urban 1500 3 80% 6 35 126 Bad Urban
50
UrbanA 1 500 3 80% 6 35 126 Urban A
50
UrbanB 1500 3 80% 6 35 126 UrbanB
50
Suburban 4 500 3 80% 6 35 116 Suburban
50
Rural 30 000 3 40% 6 35 98 Rural
100
Indoor UrbanA 1500 3 80% 2 0 35 126+13.5 = UrbanA
6°+6 139.5
=85
Indoor UrbanB 1500 3 80% 2 0 35 126+13.5 = UrbanB
6°+6 139.5
=85
Indoor 4 500 3 80% 2 0 35 116+7 =123 Suburban
Suburban 6 8+56
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4 Radio Link Level Simulator

Theradio link simulator needs to be developed according to the proposed positioning measurement method. As stated,
an essential part isthe channel model. Multi-path propagation and fading which is inherent in mobile communications
has a great influence on the positioning performance.

It istherefore crucial that the same channel model is used when evaluating different positioning measurement systems.
The proposed channel model is presented in its wide-band version in clause 5 and with a GSM adaptation in clause 6.

Assuming a certain channel model environment, a measurement value and quality can be determined for each link
realization based on distance, angle, speed, C/I, C/A and C/N. These results are of course interesting, e.g. to find the
rmse under certain assumptions, but the bottom line results are achieved when combined with the system simulator in
clause 3.
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Figure 4.1: Radio Link Simulator

5 Channel Model

In order to compare different proposals for positioning measurement systems, a common channel model is required. In
this clause, such a channel model is proposed based on requirements specific to evaluation of positioning techniques.

5.1 Channel model requirements

Important factors when modelling the radio channel for positioning evaluation are the following:

e The channel model should be based on physical, measurable parameters. Such parameters are; power delay
profile shape, delay spread, angle of arrival distributions and fading statistics.

e Mean excess delays are important, due to the fact that positioning techniques often use time estimations to
position the mobile, and the accuracy of such techniques depends on the mean excess delay of the impulse
response. Therefore the mean excess delays generated by the model should conform to measurements.

e The model should be based on a wide-band channel that can be adapted to the GSM bandwidth.

e The model should represent the general channel behaviour in arange of typical environments, corresponding to
geographically diverse conditions.

It should be possible to study the influence of antenna diversity.

5.2 Channel model

The channel model uses the same basic structure as the CODIT model [1], [2], but with some fundamental differences.
These differences are due to the following:
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e The modelling of the delay spread as a distance dependent parameter.
e Field measurements presented by Motorola, and by Ericsson, and results found in the literature [3]-[5].
e Modelling of base station antenna diversity.
Generation of the modelled radio channel for a specific MS-BS configuration is a 6-step process:
o Generate the delay spread.
o Generate an average power delay profile (apdp).
e Adjust the power delay profile so that it produces the desired delay spread.
¢ Generate short-term fading of the impul se response by the physical process of summation of partial waves.
e Generate multiple, partially correlated channels for multiple BS antennas (space diversity).

o Filtering to GSM bandwidth.

5.3 Delay spread

Due to the impact of multi-path propagation on positioning accuracy, modelling of the delay spread is of importance.
The model used isfrom Greenstein [3], and is based on two conjectures:

- At any given distance from the base station, the delay spread is lognormally distributed.
The median delay spread increases with distance.

Both these conjectures are supported by measurements to a certain degree. The proposed model is the following:
Te = T1dY (5.1

Here tms isthe rms delay spread,T1 is the median value of the delay spread at d = 1 km, ¢ is a distance-dependence
exponent, and y is alognormal variate, meaning that Y =10log Y isa Gaussian random variable with standard
deviation Gy.

Parameter val ues have been chosen based on the recommendations in [3] and the following reported measurements:

- Motorolareports on field measurements where the distance dependence is weaker than what is suggested by [3],
suggesting a lower value for e.

- Ericsson reports on field measurement results showing that for the urban environment the original
recommendations for € in [3] givesthe best fit.

To accomodate both types of distance dependence of the delay spread into the model, two Urban environments are
included: UrbanA which fits the Ericsson observations and UrbanB which fits the Motorola observations. In other
environments the weaker distance dependence is used.

The parameter values of the model are givenin table 5.1.

Table 5.1: Parameter values for the delay spread model

Environment T I3 oy
1
Bad Urban 10us 0.3 4 dB
UrbanA 0.4 us 0.5 4 dB
UrbanB 0.4 us 0.3 4 dB
Suburban 0.3 us 0.3 4 dB
Rural 0.1us 0.3 4dB
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The model aso assumes that there is no correlation between delay spread values measured to different base stations
from the same mobile.

54 Average power delay profile

The average power delay profile (local average of the squared magnitude of the impulse response) is modelled as the
sum of a number of discrete impul ses.

p(z)= Z p-o(c-17) (5.2

Each impul se corresponds to an infinite bandwidth representation of an impinging wave which has been scattered
(reflected, diffracted) in the propagation environment.

The original procedures for generating p; and 7; in the CODIT model [2] has been expanded and changed as more
information on the shape of the apdp has been presented, such as:

- Thefield measurement results presented by Motorola, which shows that the ratio between delay spread and mean
excess delay is of the order 2:1 for rural and suburban,, and of the order 1:1 to 2:1 for urban environments.

- Measurement results by Ericsson showing a 1:1 ratio for urban environments.

Table 5.2 shows the parameters used for generating the apdp:sin the different environments. Again, the UrbanA
parameters correspond to the results presented by Ericsson and the UrbanB parameters correspond to Motorolas results.

Table 5.2: Parameters for the average power delay profile

Environment| Scatterer # Time delay ti  |Relative Power pi| Average delay Nakagami-m
spread to mean parameter
excess delay
ratio
Bad Urban 1-20 0-Tmax {0.5-1.5}*exp(- 1:1 1
6T/Tmax)
UrbanA 1-20 0-Tmax {0.5-1.5}*exp(- 1:1 1
6T/Tmax)
UrbanB 1-20 As UrbanA, but adjust time delays 1.5:1 1
after calculating relative powers:
23
T=T- [1+ Tj
Tmax
Suburban 1 0 4.3 2:1 15
2-6 0-Tmax 0.1-0.4 1-5
Rural As suburban

5.5 Matching the delay spread of the channel model to the
delay spread model

A simplerescaling of the time delay axisis used to compress or expand the average power delay profilesto give the
desired delay spread. To elaborate, if agiven realization of an average power delay profile has delay spread di, but the
delay spread model redlization value is dz, the time delays of the apdp scatterers are simply multiplied by d2/d;. The
apdp will then have delay spread d..

5.6 Short-term fading

The modelling assumption is that each of the scatterersin the impul se response fades individually. The fading is
modelled by the physical process of summation of alarge number of waves, where the power distribution of the waves
is chosen in order to generate Nakagami-m fading statistics [6]. The m-parameter valuesin the model are given in
table 5.2. (m = 1 for Rayleigh, m>>1 for Rice). The complex phase of each wave is random.
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The arrival angles of the waves at the mobile are generated from a truncated Gaussian distribution (standard dev. =

0.15 rad) around a mean AoA. The mean AoA for each scatterer is generated from a uniform (0-2r) distribution.
100 waves are used for each scatterer.

The knowledge of all arrival angles, amplitudes and phases of the waves allows usto calculate the complex sum at any
position of the mobile. In this way we are able to physically generate the fading of the scatterers as the mobile moves.

5.7 Diversity

When using more than one base station antenna for reception/transmission, we need to model the channel for each
antenna, with a certain amount of decorrelation between the antenna signals. Thisis modelled in the same physical
manner as the short-term fading, we only need to obtain knowledge about the angles of arrival (departure) at the base
station. The following assumptions are made:

- Scattering is primarily occurring close to the mobile [7], so that each scatterer can be viewed as a point source
from the base station. (All partial waves for that scatterer have the same angle of arrival at the BS)

The angle of arrival of each scatterer is modelled from a Gaussian with standard deviation:

c-T (5.3

This approach isis similar to that in [8], but with the inclusion of the time delays of the scatterers. The expression above
can be shown [6] to lead to approximately a Laplacian power azimuth spectrum, which has been observed in
measurements [9].

5.8 Limitations

The following limitations of the model should be kept in mind, so as not to apply the model outside its area of validity.

Wide-Sense Stationarity is assumed, so dynamic changes in the propagation environment is not modelled. All
movement of the mobile is assumed to be on alocal scale, with no movements around street corners or into houses etc.

The model, especially the delay spread model, is intended to give the average behaviour rather than be able to reproduce
the specifics of any given real-world location.

5.9 Summary of the channel model

The model is summarized below:

- Delay spreads are generated according to 7, = T,d“Y (see equation 5.1). The chosen parameter values are
givenintable5.3.

Table 5.3: Delay spread model parameters for the different environments

Environment T I3 oy
1
Bad Urban 10us 0.3 4 dB
UrbanA 0.4 us 0.5 4 dB
UrbanB 0.4 us 0.3 4 dB
Suburban 0.3 us 0.3 4 dB
Rural 0.1us 0.3 4 dB

Parameters for generation of apdp:s and fading are given in table 5.4.
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Table 5.4: Parameters for the average power delay profile and short-term fading

Environment| Scatterer # Time delay 7 |Relative Power pi| Average delay Nakagami-m
spread to mean parameter
excess delay
ratio
Bad Urban 1-20 0-Tmax {0.5-1.5}*exp(- 1:1 1
6T/Tmax)
UrbanA 1-20 0-Tmax {0.5-1.5}*exp(- 1:1 1
6T/’Cma><)
UrbanB 1-20 As UrbanA, but adjust time delays 151 1
after calculating relative powers:
23
T=T- [1+ Tj
Tmax
Suburban 1 0 4.3 2:1 15
2-6 0-Tmax 0.1-0.4 1-5
Rural As suburban

Short-term fading is generated with:
- 100 partial waves for each scatterer.
Partial wave phases: { 0-2r}

Base station angles of arrival are generated from a Gaussian distribution with standard deviation:
o, (Ti ) =C-7/d. The base station angles of arrival, in conjunction with the positions of the base station
antennas, are sufficient for calculating the channel at different base antennas.

6 GSM Adaptation

This clause describes a FIR Filter Implementation of the Channel Model for GSM Simulations.

6.1 FIR Filter Implementation

The implementation of the CODIT based channel model in GSM simulationsis by means of aFIR filter. The channel
model delivers the complex amplitude ai(t) and delay 4(t) of each path i from which the time-variant infinite bandwidth
channel impulse response h(t, 7) isformed and which isthe basis of the FIR filter implementation:

N

h(t,7)=) & (-7 () (6.1)

i=1
The discrete time implementation of the channel model consists of a tapped-delay-line with atap spacing defined by the
system sampling period T and tap weight coefficients gn(t), where n=0,...,L is the tap index. The number of required
tapsL, i.e, thelength of the FIR filter, is determined by the product of the maximum excess delay of the environment
and the system sampling rate.

The tap weights gn(t) can be calculated by taking the signal bandwidth into account. The bandwidth occupied by the rea
band-pass signal is denoted by W. Then the band occupancy of the equivalent low-pass signal is| f | <%2W, which alows
to define the system sampling rate 1/T=W. By this, the channel can be considered band-limited with null spectral
components out of the system bandwidth, sampling it with the same rate. Thus, the multiplicative tap weights gs(t) are
obtained by filtering h(t,z) with an ideal low-pass filter with cut-off frequency ¥2T=W/2 and sampled at rate /T=W[2]:

o sin[ﬂvv(r—vr\]/jj
gn () = I () dr 6.2)
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Substituting h(t, 7) (equation (6.1)) into the equation above yields the tap weights of the FIR filter implementation of the

channel mode!:
N s n[ﬂ\N(Ti ) _vr\]/jj

gn() = &) -
i=1 7Z\N(1'i (t)—Wj

Thus, each complex amplitude a;(t) delivered by the CODIT model is multiplied by a sinc function shifted by the
amount of the corresponding time delay #(t) and summed up for all scatterers N.

(6.3)

The sampling frequency used for the "Positioning Simulator”" has been chosen to 16 times the bit ratein GSM, i.e., /T
=W=16 - (13e6/48) Hz = 16 - 270833 Hz = 4333333 Hz. Thisrelative high sampling frequency has been chosen to
allow in the simulations over-sampling at the receiver which may improve the performance of time delay estimation
algorithmsin a TOA or TDOA based positioning system. In order to implement the above equation (6.3) the sinc
function has to be truncated. In the proposed "Positioning Simulator”, the impul se responses are truncated to

30 microseconds.

The channel output signal is obtained by convolution of this sampled impul se response with the simulated GMSK signal
(sampled at the same rate). Since the channel is power normalized, the signal mean power is kept after this convolution.
This alows to simulate interference signals and thermal noise which can be added to the channel output signal.

6.2 Sampling in Time Domain

With time-variance being relatively slow for all bands (900 MHz, 1 800 MHz and 1 900 MHz), the channel can be
assumed quasi time-invariant, i.e. time-invariant over the duration of one burst. Therefore, no change of the delay
profile during a burst has to be modeled and hence, only one sample of the delay profile is required for each burst. Since
the channel model is only afunction of position, moving vehicles can be easily simulated. For each burst a new channel
impul se response is computed based on a given desired position. This allows also to simulate accel erating moving
mobiles.

6.3 Frequency Hopping

The radio interface of GSM uses slow frequency hopping. Because the channel impulse response delivered by the
proposed modified CODIT model has infinite bandwidth, frequency hopping can be easily implemented by filtering out
the frequency bands of interest. The complex impulse response of equation (6.1) for one burst is multiplied by
exp(j27814(t)), which results in a frequency translation with magnitude f4 , i.e., with spectrum H(f-fy). Defining for
each burst a different frequency fy the channel to use for each burst is centered around frequency 0 in base-band. This
trandated impul se responses are then filtered and sampled as described in subclause 6.1.

7 Position Calculation and Statistical Evaluation

The position calculation function utilizes the available measurements, e.g time of arrival (TOA) measurements from
three or more BS-M S links, to produce a position estimate. It is desirable that a position estimate is delivered even in
cases where it is not possible to produce the number of measurements required by the particular method. In the latter
case e.g. aposition estimate related to the position of the serving cell can be used.

The statistical evaluation is based on computing the difference between the estimated position ()“( 9) and thetrue
position (x,y). One possible error measure is to define the circular error:

cg =/ %)+ (% - 9)? CE)

Here subscript i denotes quantities related to the ith MS. Statistics on the circular error could be presented by:
- Plotting the cumulative distribution function (CDF) of ce.

- Displaying certain CDF percentile values, like e.g. 67% and 90% levels.
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- Determine the amount of position estimates satisfying ce < 125 m.

Another possibility isto compute the root mean square error (rmse):

(8.2)

rmsez\/%Z((Xi —)A(i)z +(Y, _9i)2)

i=1

Here N isthe total number of positioned MS's. The rmse calculation is very sensitive to occasional poor position
estimates (caused e.g. by poor measurements or lack of measurements). A measure which isless sensitive to these rare
so-called outliersis obtained by omitting the 10% worst cases in the rmse calculation.
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Annex V.B:
Simulations on Co-Existence of EDGE and GSM Modulated
Signals

1 Introduction

In a scenario where GSM-GM SK and EDGE-8PSK modulated signals coexist, it is of interest to assess the mutual
effect of different modulation formats on the performance of TOA estimation agorithms. The EDGE modulation
format has been designed in such away that mutual orthogonality between EDGE and GSM users is guaranteed for
communication purposes. However, since EDGE training sequences have been derived from the binary GSM training
sequences, it is possible that at low Signal-to-Noise Ratio (SNRs) levels, where communication cannot take place but
TOA estimation is still possible, these two modulation formats interfere with each other.

The present document assesses this problem, providing some simulation results.

A generic TOA estimation can be figured out as follows: the transmitter transmits a modulated burst over the channel.
At the receiver side, the burst is correlated with the known training sequence embedded in the transmitted burst. Based
on the features of the resulting correlation function, the TOA is estimated.

Under ideal circumstances, the correlation function has a peak clearly higher than the adjacent side-lobes; however, due
to multipath, noise, etc. side-lobes can emerge, leading to erroneous TOA estimates. To avoid this problem, the
correlation function can be checked, and eventually rejected, before estimating the TOA.

This method can be applied also when the modulation format of the received signal is unknown (e.g., when it can be
either GMSK or 8PSK). In fact, correlation between an EDGE modulated burst and a GSM training sequence, or vice
versa, resultsin a correlation function without any dominant peak.

Figure 1 reports the correlation functions obtained by correlating an EDGE modulated burst ("EDGE Transmitted™)
with the corresponding EDGE ("EDGE Assumed") and GSM ("GSM Assumed") training sequences, in ideal condition
of aLine-Of-Sight (LOS) noiseless propagation channel. Similar plots are reported for a GSM transmitted burst, on the
right-hand side of the figure. It is evident that, when the training sequence does not match with the actual modulation of
the received burst, the resulting correlation function is far from the ideal one.

The presence of GSM and EDGE signals at the same time, and its effect on the TOA estimation performance, can be
then analyzed by simply estimating the percentage of bursts rejected by the correlation function check procedure.
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Figure 1. Examples of correlation functions in a ideal line-of-sight (LOS) noiseless channel

2 Simulations

Simulations have been conducted according to the scheme described in Figure 2. The goal is to cal cul ate the percentage
of rejected bursts when the received bursts are correlated with the corresponding GSM and EDGE training sequences.

Given acertain Signal-to-Noise Ratio (SNR), aMobile Station (MS) speed and a channel type compliant with T1P1
models, one EDGE-modulated normal burst and one GSM-modulated normal burst are generated. The binary training
sequence embedded in the modulated bursts is the same, namely the number O (TSCo).

The transmitted EDGE and GSM bursts propagate over the same AWGN (Additive White Gaussian Noise) multipath
channel and are received with a 4" order Butterworth filter with cutoff frequency of 100 kHz.

The received bursts are correlated with the training sequence 0, considering al possible combinations, i.e., for each
transmitted burst, the correlation with the EDGE TSCyp and the correlation with the GSM TSCy are calculated. The
resulting correlation functions are then checked using the same rejection/acceptance criteria.

500 Monte Carlo runs have been conducted. The M S speed has been fixed at 3 km/h. Suburban (SU) and Urban A (UA)
multipath channels have been considered, with SNR ranging from -10 dB to +10 dB. For reference, also the noiseless
channel (SNR=Inf ) has been considered.
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Figure 2: Simulation scheme

3 Simulation Results

Table 3 report results when an EDGE modulated burst is transmitted. The probability that an EDGE burst is accepted,
when correlated with the corresponding GSM training sequence ("GSM assumed"), is zero in al cases, with the only
exception of the case Suburban@SNR=-10dB, where 2 bursts out of 500, i.e. the 0.4%, are not rejected.

Thisisthe most relevant result; however, ageneral robustness of the EDGE modulation can be noticed: the probability
of an EDGE burst to be rejected when correlated with the correct training sequence ("EDGE assumed”) is amost zero
for SNR>0dB, less than 2% @SNR=-5dB and around 14-16% @SNR=-10dB.

The same observations basically apply when a GSM burst is transmitted, though the GM SK modulation results slightly
less robust than the 8PSK modulation. In the worst conditions, the probability that GSM bursts are interpreted as EDGE
modulated is less than 4% ("EDGE assumed"); while, even in absence of noise or very high SNRs, the multipath can
generate rejections of GSM burst, when correlated with the correct training sequence ("GSM assumed").

Table 3: Percentage of rejected bursts when EDGE modulated bursts are transmitted

SNR, dB
-10 -5 0 5 10 Inf
EDGE UA, 3km/h 15.8 1.4 0.2 0 0 0
assumed SU, 3km/h 13.8 0.6 0 0 0 0
GSM UA, 3km/h 99.6 100 100 100 100 100
assumed SU, 3km/h 100 100 100 100 100 100

Table 4: Percentage of rejected bursts when GSM modulated bursts are transmitted

SNR, dB
-10 -5 0 5 10 Inf
EDGE UA, 3km/h 96.2 96.8 99.2 99.8 99.6 99.8
assumed SU, 3km/h 97.2 96.6 97.8 99.6 99.6 100
GSM UA, 3km/h 20.4 3.2 1.0 0.6 0.6 0.2
assumed SU, 3km/h 24.8 4.2 14 0.6 0.6 0.8
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Figure 5 and Figure 4 are graphical representations of the results reported in the tables.
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Figure 5: Percentage of rejected EDGE bursts in Urban A, 3 km/h and Suburban, 3 km/h channels
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Figure 4: Percentage of rejected GSM bursts in Urban A, 3 km/h and Suburban, 3 km/h channels

4 Conclusions

Asasummary of the results reported in the present document, it can be stated that, in the scenarios considered, the
orthogonality between GSM and EDGE modulationsis basically maintained even at low levels of SNR, where
communication is not feasible. In particular, when considering the application of TOA estimation algorithms for MS
positioning, it is possible to discriminate one modulation from another by simply checking the correlation function
between the received signal and the associated GSM and EDGE training sequences. The probability to mix up the
modulations in Suburban and Urban A channels, with aM S speed of 3km/h and SNR>-10dB isless than 1% for EDGE
bursts and less than 4% for GSM bursts. These figures are so low that the performance of TOA estimation algorithms
are most likely not affected by the presence of GSM and EDGE modulations.
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Annex W:
Update of GPRS background information

ETSI STC SMG2 #34
Aaborg, Denmark Agendaitem 7.2.6.2

10 - 14 January 2000
Source; Alcatel

Title: Justification of CR05.05 on GPRS C$4 receiver perfor mance

W.1 Introduction

At the last SMG2 meetings, Alcatel raised the problem of GPRS receiver performance (reference interference) for C4
in TU3 no FH and TUS50 no FH propagation conditions. CRsto 05.05 are proposed on thisissue in Tdoc SMG2 91/00,
92/00 and 93/00. This paper presents the background of these CRs based on simulation results.

As an introduction to the proposed relaxations, it should be noted that the GPRS receiver interference performance in
CH caseistested at very high input levels compared to GSM: the usual Eb/NO assumption of 28 dB (in the presence of
aco-channel interference) remains applicable at these levels, meaning that no AGC convergence mechanismis
considered. This constraint is particularly stringent for the M S receiver design, therefore the C/Ic requirements at these
levels are to be carefully studied.

W.2 References

[1] GSM 05.50 v7.1.0 Release 98 "Background for Radio Frequency (RF) requirements’
Annex N : C/Ic and Eb/NO Radio Performance for the GPRS Coding schemes
Annex P : Block Error Rate and USF Error Rate for GPRS
Annex Q : Block Error Rate and USF Error Rate for GPRS, 1800 MHz

[2] Tdoc SMG2 1258/99 Discussion on Noise Factor for GPRS receiver

[3] Tdoc SMG2 1697/99 Discussion on GPRS receiver performance

W.3 Simulation assumptions

The simulation assumptions are similar to the ones of 05.50 simulations (refer to [1], Annex K to Q), except that Alcatel
simulator incorporates a certain number of impairments: Alcatel simulations aim at complementing the GSM 05.50
simulations presented in the previous annexes, in away similar to EDGE standardisation, where both ideal simulations
and simulations with impairments are being performed (Alcatel simulator can be classified in thislast category). Alcatel
simulator can therefore be considered as more "realistic” and closer to areal implementation than the other two
simulators considered for GPRS in GSM 05.50.

The impairments introduced in the Alcatel simulator are:
o fixed point calculation.
e A/D and D/A converters.
o thefilters have a non-constant group delay characteristics.
e synthesiser phase noise.

Simulations are performed in the 900 MHz frequency band:
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e for TU50 no FH;

e for TU3 no FH : the 900 MHz C/I requirement can be derived into a 1800 MHz C/I requirement for TU1.5
propagation conditions.

Additional simulations are also performed in the 1800 MHz frequency band, for TU50 no FH propagation conditions.

W.4  Co-channel interference simulations with varying C/I

Simulations similar to GSM 05.50 simulations (i.e. varying C/l vs. BLER) were performed on interference performance
for CS4in TU50 no FH (900 and 1800 MHZz) and TU3 no FH (900 MHZz) propagation conditions. The results are
depicted on figures 1, 2 and 3 together with ETSI/05.50 simulation results (ETSI1 refersto CSELT simulations and
ETSI2 refers to Ericsson simulations).

As aready highlighted in document [3], the results show a gap of about 3 dB between the required C/I in ETSI/05.50
simulations and the C/I in Alcatel ssimulation, for both TU3 no FH and TU50 no FH (900 and 1800 MHZz) propagation
conditions. Note that this gap was lessthan 1 dB for CS1, CS2 and CS3, refer to document [3], and thus remains within
the 2 dB implementation margin. The gap can therefore not be explained easily by the more realistic simulation
conditions (fixed point calculation) and is greater than the 2 dB implementation margin.

Co-channel (var. C/lc) - TU50 noFH - 900 VHz

15 16 17 18 19 20 21 22 23 24 25 26 27
100, 00% ::::ﬁ::::

10,00 t——-———"—""""""—""""""""" 8-+ "~ ————————

BLER

——CS4 Al cat el
——CS4 ETSI 1
CS4 ETSI 2

1, 00%

Clc (dB)

Figure 1: TU50 no FH interference simulations (var. C/Ic) - 900 MHz
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Co-channel (var. C/lc) - TU50 noFH - 1800

VHz
15 16 17 18 19 20 21 22 23 24 25 26 27 28
100, 00%
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Y 10, 00%
[a0)
,,,,,,,,,,,,,,,,,,,,,,,,, | | ____|——C34 Acatel
—.—
1. 00% CS4 ETSI 1
dlc (dB) CS4 ETSI 2
Figure 2: TU50 no FH interference simulations (var. C/Ic) - 1 800 MHz
Co-channel (var. C/l1c) - TU3 noFH - 900
MHz
10 11 12 13 14 15 16 17 18 19 20 21 22
100, 00%
L
- 10, 00%
m

——CS4 Al catel
—8®—CS4 ETSI1
CS4 ETSI 2

1, 00%

Clc (dB)

Figure 3: TU3 no FH interference simulations (var. C/Ic) - 900 MHz

W.5 Co-channel interference simulations with varying
Eb/NO

As proposed in document [3], simulations were performed with varying Eb/NO levels, considering different co-channel
interferers:

o forCATU3noFH : at C/l =19 (05.05 specification) / 20/ 21 dB.
e for CS4 TU50 no FH @ 900 MHz: at C/I = 23 (05.05 specification) / 24 / 25 dB.
e for CS4 TU50 no FH @ 1800 MHz: at C/I = 25 (05.05 specification) / 26 / 27 dB.

These simulations can not be compared to any simulations performed at ETSI. They are depicted in figures 4, 5 and 6.
CHA TU3 no FH (figure 6):
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As aready mentioned in document [3], the 10% BLER performance is never achieved with the C/l specified in
GSM 05.05 (C/I=19 dB), whereas it was expected to achieve it at Eb/N0=28 dB according to GSM 05.50 simulation
assumption. Thisresult is off course coherent with the varying C/I simulations that are depicted in figure 3 and the
observed gap between the results of Alcatel and the other simulators.

With arelaxation of 1 dB (C/I=20 dB), the 10% BLER performance is not achieved at Eb/N0=28 dB, whereas with a
relaxation of 2 dB (C/1=21 dB), the performance is achieved at alevel dightly below Eb/N0=28 dB.

Therefore, it isproposed to relax the C/I of the co-channel interferer of 2 dB from C/1=19 to C/I=21 dB.
C34 TUS0 no FH - 900 MHz (figure 4):

As already mentioned in document [3], the 10% BLER performance with the C/I specified in GSM 05.05 is achieved at
an Eb/NO greater than the 28 dB assumption of the GSM 05.50 simulations. This result is coherent with the varying C/I
simulations that are depicted in Figure 1 and the observed gap between the results of Alcatel and the other simulators.

With arelaxation of 1 dB (C/I=24 dB), the 10% BLER performance is achieved at Eb/NO between 27 and 28 dB ; with
arelaxation of 2 dB (C/I=25 dB), the performance is achieved at Eb/N0=26 dB.

Therefore, it isproposed to relax the C/I of the co-channel interferer of 1 dB from C/I=23to C/I=24 dB.
CS4 TU50 no FH - 1800 MHz (figure 5):

The 10% BLER performance with the C/1 specified in GSM 05.05 (25 dB) is achieved at an Eb/NO greater than the
28 dB assumption of the GSM 05.50 simulations. This result is coherent with the varying C/lI ssmulations that are
depicted in Figure 2 and the observed gap between the results of Alcatel and the other simulators.

With arelaxation of 1 dB (C/1=26 dB), the 10% BLER performance is not achieved at Eb/N0=28 dB, whereas with a
relaxation of 2 dB (C/1=27 dB), the performance is achieved at alevel very close to Eb/N0=28 dB.

Therefore, it isproposed to relax the C/I of the co-channel interferer of 2 dB from C/1=25to C/I=27 dB.

NOTE: itisproposed not to include an additional implementation margin to the raw results resulting from Alcatel
simulations, asit is believed that the Alcatel simulator is close enough to areal implementation.

Co-channel (var. Eb/NO) - TU50 noFH - 900 MHz

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
100, 00%

10, 00%

BLER

——CS4 Alcatel C/1=23 dB
—8—CS4 Alcatel C/1=24 dB

1, 00%

Eb/ NO (dB) CS4 Alcatel C/'1=25 dB

Figure 4: TU 50 no FH interference simulations (var. Eb/NO) - 900 MHz
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Co- channel (var. Eb/NO) - TU50 noFH - 1800 MHz
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Figure 5: TU 50 no FH interference simulations (var. Eb/NO) - 1 800 MHz
Co-channel (var. Eb/NO) - TU3 noFH -
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Figure 6: TU 3 no FH interference simulations (var. Eb/NO) - 900 MHz

W.6 Effect on the MS receiver Noise Factor

In document [3], it is highlighted how the Eb/NO requirement can be derived into a requirement on Noise Factor of the
MS receiver.

With the proposed relaxations:

e inTU3no FH case: the maximum receiver Noise Factor at SL=-70 dBm (Signal Level (SL) =-93 + C/l +2dB)
is23,5dB.

e inTU50no FH @ 900 MHz case : the maximum receiver Noise Factor at SL=-67 dBmis 25 dB.
e inTU50no FH @ 1800 MHz case : the maximum receiver Noise Factor at SL=-64 dBm is 27,5 dB.
These requirements are comparable with the other requirements for CS1, CS2 and CS3 in different propagation

conditions, which are in the range 23 dB to 28 dB (refer to document [3]) and seem therefore acceptable froman MS
implementation point of view.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 265 ETSI TR 145 050 V14.0.0 (2017-04)

W.7 Conclusion

Asrequested in last SMG2 WPB meeting in Sophia, Alcatel further investigated the problems of GPRS interference
performance with CS4 in TU3 no FH (900 MHZz) and TU50 no FH (900 and 1800 MHZz) propagation conditions, on the
basis of simulations with receiver impairments. The results presented in this paper show that a C/Ic relaxation of 2 dB
for C4 - TU3 no FH and C$4 - TU50 no FH (1800 MHZz) and of 1 dB for C$4 - TU50 no FH (900 MHz), allows to
solve these problems : the 10% BLER performance is achieved with these relaxations at Eb/NO very close to 28 dB,
which was the original assumption of GSM 05.50 simulations. A more reasonable constraint on the Noise Factor of the
GPRS receiver is also finally obtained.

These relaxations are proposed to be introduced:
e for TU50 no FH in the 900 MHz and in the 1 800 MHz bands

e for TU3 no FH inthe 900 MHz band and for TU1.5 no FH in the 1 800 MHz band, as these reference
environments are equivalent.

CRs against GSM 05.05 Release 97, 98 and 99 are proposed for approval in SMG2 WPB in Tdoc SMG2 91/00, 92/00
and 93/00.
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Annex X:
8-PSK Scenarios

X.1  Assumptions

Noise bandwidth of the uplink and downlink is: 200 kHz

BTS Transmit Power 900 MHz: 43dBm
BTS Transmit Power 1800 MHz: 43 dBm
MS Transmit Power 900 MHz 33dBm
MS Transmit Power 1800 MHz 30dBm
BTS Noise Floor (200 kHz) -112 dBm
MS Noise Floor (200 kHz) -110 dBm

X.2  Closest Approach

Inthissituation it is necessary to understand how close an MS can be to aBTS and still maintain an operational up and
downlink.

X.2.1 Closest Approach, Coordinated

X.2.1.1 Closest Approach BTS Transmitting, Coordinated

X.2.1.1.1 Nominal Error Rate Requirement at High Input Levels

An MSis specified to operate properly until the received tone exceeds -26 dBm for M S operating in the GSM900 band
and the DCS1800 band.

For aBTS transmitting 43 dBm with an antenna gain of 10 dBi thisimplies that the coupling loss would need to be;
e Transmit Power + Antenna Gain (MS + BTS) - Static Level Req.
e 43+10-(-26) =79dB.

For aBTS which provides downlink power control the required coupling lossis reduced by the amount of power
control. Assuming 30 dB of forward link dynamic power control this becomes:

e Transmit Power + Antenna Gain (MS + BTS) - Power Control - Static Level Req.

e 43+10-30-(-26) = 49 dB.

X.211.2 MS Receiver Intermodulation Characteristics

In asituation where the BTS is transmitting multiple carriers at regular frequency spacing as would be the case for
regular frequency reuse plans the MS will experience the generation if intermodulation products on it operating channel.
Working backwards from the MS intermodul ation characteristicsin GSM 05.05 it can be shown that the input third
order intercept of aMSis:

e -9.5dBm for GSM900.

e -18.5dBm for DCS1800.
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Since the interfering tones, which are causing the M S to generate i ntermodul ation products, are communicating with
other mobilesin the same cell they can be assumed to be transmitting at maximum power. To operate MCS 1 at close
range the intermodulation products must be at least 8 dB below the desired signal. To run MCS 9 the intermodulation
products must be at least 24 dB below the desired signal.

Given amaximum allowable signal on channel of -26 dBm the intermodulation products need to be at least 8 and 24 dB
below the desired signal to enable MCS 1 or MCS 9 respectively. The allowable intermodulation products are then -34
dBm and - 50 dBm. The following assumes that the desired and interfering signals are at the same power level out of
the BTS. Where downlink power control is used on the desired channel the acceptable intermodulation energy is
reduced and the required coupling loss for the interfering tones would have to be adjusted.

For GSM900 the two rates are enabled with input interfering signal levels of:
Input power at MS = (Intermod Product + 2*11P3)/3
(-34 + 2%(-9.5))/3 = -17,7 dBm
Input power at MS = (Intermod Product + 2*11P3)/3
(-50 + 2%(-9.5))/3 = -23,0 dBm
For DCS1800 the two rates are enabled with input interfering signal levels of:
Input power at MS = (Intermod Product + 2*11P3)/3
(-34 + 2%(-18.5))/3 = -23,7 dBm
Input power at MS = (Intermod Product + 2*11P3)/3
(-50 + 2%(-18.5))/3 = -29,0 dBm

Table X.1: Minimum coupling losses based on MS receiver intermodulation requirements

GSM900 DCS1800
Rate MCS1 MCS 9 MCS 1 MCS 9
BTS Transmit (dBm) 43.0 43.0 43.0 43.0
Antenna Gain (dBi) 10.0 10.0 10.0 10.0
Tolerable Signal (dBm) -17.7 -23.0 -23.7 -29.0
Coupling loss Req'd (dB) 70.7 76.0 76.7 82.0
(note)

NOTE:  When there is no power control the minimum coupling loss is 79 dB due to NER
requirements. This will put desired signal at -26 dBm. With 82 dBm the desired signal
goes to -29 dB and the intermodulation tones are at -50 dBm. This is 3 dB short of
assumed MCS 9 operation at 24 dB Increasing the coupling loss 1.5 dB drops the

desired by 1.5 abd the intermod products by 4.5 which then gived the required 24 dB.

X.2.1.2 Closest Approach MS Transmitting, Coordinated

X.2.1.2.1 Nominal Error Rate at High Input Levels

A BTSisrequired to operate properly until the received tone exceeds -26 dBm for BT S operating in the GSM 900 band
and the DCS1800 band.

X.21.211 GSM900 BTS

For aMS which is operating with uplink power control the required coupling loss is reduced by the amount of power
control. For aclass E1 mobile in the GSM 900 band the power control range is 28 dB and the resulting coupling loss
required is:

e Transmit Power + Antenna Gain (MS + BTS) - Power Control - Static Level Req.

e 33+10-28-(-26) = 41 dB.
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X.2.1.2.1.2 DCS1800 BTS

For aMS which is operating with uplink power control the required coupling loss is reduced by the amount of power
control. For aclass E1 mobile in the DCS1800 band the power control range is 30 dB and the resulting coupling loss
requiredis:

e Transmit Power + Antenna Gain (MS + BTS) - Power Control - Static Level Req.

e 30+10-30-(-26) = 36 dB.

X.21.2.2 BTS Receiver Intermodulation Characteristics

In asituation where a BTS is receiving multiple high power carriers at regular frequency spacings from multiple close
in coordinated mobiles, which are under power control, the BTS will experience the generation if intermodulation
products on its operating channel. Working backwards from the BTS intermodul ation characteristicsin GSM 05.05 it
can be shown that the input third order intercept of aBTSiis:

e -9.5dBm for GSM900.
e -18.5dBm for DCS1800.

In the case of coordinated mobilesin close approach to the BTS the uplink power control protectsthe BTS. To operate
MCS 1 at close range the intermodulation products must be at least 8 dB below the desired signal. To run MCS 9 the
intermodulation products must be at least 24 dB below the desired signal.

Given amaximum allowable signal on channel of -26 dBm the intermodulation products need to be at least 8 and 24 dB
below the desired signal to enable MCS 1 or MCS 9 respectively. The alowable intermodulation products are
then -34 dBm and -50 dBm.

For GSM900 the two rates are enabled with input interfering signal levels of:
Input power at MS = (Intermod Product + 2*11P3)/3
(-34 + 2%(-9.5))/3 = -17.7 dBm
Input power at MS = (Intermod Product + 2*11P3)/3
(-50 + 2*(-9.5))/3 = -23.0 dBm
For DCS1800 the two rates are enabled with input interfering signal levels of:
Input power at MS = (Intermod Product + 2*11P3)/3
(-34 + 2%(-18.5))/3 = -23.7 dBm
Input power at MS = (Intermod Product + 2*11P3)/3
(-50 + 2*(-18.5))/3 = -29.0 dBm

Table X.2: Minimum coupling losses based on BTS receiver intermodulation requirements

GSM900 DCS1800
Rate MCS1 MCS 9 MCS 1 MCS 9
MS Transmit (dBm) 5.0 5.0 0.0 0.0
Antenna Gain (dBi) 10.0 10.0 10.0 10.0
Tolerable Signal (dBm) -17.7 -23.0 -23.7 -29.0
Coupling loss Req'd 32.7 38.0 33.7 39
(dB)
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X.2.1.3 Minimum Coupling for Coordinated Case

X.2.1.3.1 Downlink Power Control Enabled

If the M S receive intermodulation is not implicated then the downlink coupling loss could be aslow as 49 dB where
downlink power control is deployed. When M S intermodul ation performance isimplicated the minimum coupling loss
required is 71 dB for GSM900 and 77 dB for DCS1800 for afunctional coordinated link in the up and downlink
(MCS 1). Thelimiting case was found to be in the downlink direction.

X.2.1.3.2 No Downlink Power Control

The worst case is found in subclause X.2.1.1.1, where downlink power control is not used, and was calculated to be

79 dB for GSM900 and DCS1800 due to nominal error rate specifications for EDGE M S. For GSM900 thisis sufficient
to get the intermodulation products low enough to allow for MCS 9 operation. For DCS1800 MCS 9 operations would
require a coupling loss of 83,5 dB before the signal to intermod product ratio is large enough.

X.2.2 Closest Approach, Uncoordinated

The case of interest for uncoordinated MS/BTS interactions is the scenario where the MSis far from its serving cell and
close to aBTS operating in adifferent sub-band. No power control can be assumed in the up or down link.

X.2.2.1 Closest Approach BTS Transmitting, Uncoordinated

X.2.2.1.1 Noise Masking

This occurs as a result of the wideband mask of the BTS, and it is afunction of the frequency offset. Sincethe MSisfar
away from its serving cell it is assumed to be operating close to its sensitivity level. Given a noise floor, which is at -
110 dBm (200 kHz) inthe M S, the required coupling loss to get the BTS noise down to the MS noise floor can be
calculated.

Table X.3: Coupling loss required due to BTS noise masking.

Frequency Band GSM900 DCS1800
Frequency Offset 1 800 kHz 6 000 kHz 1 800 kHz 6 000 kHz
BTS Power (dBm) 43 43 43 43
Mask (dBc) (200 kHz) -80 -85 -80 -85
Antenna Gain (MS+BTS) 10 10 10 10
Noise Floor (dBm) -110 -110 -110 -110
Coupling loss (dB) 83 78 83 78
X.2.2.1.2 MS Receiver Intermodulation Characteristics

From GSM 05.05 the input levels, which will generate intermodulation products at the same level as the M S noise floor

are:
e -43 dBm for GSM900.

e -49 dBm for DCS1800.

Table X.4: Minimum coupling losses based on MS receiver intermodulation requirements

GSM900 DCS1800
BTS Transmit (dBm) 43.0 43.0
Antenna Gain (dBi) 10.0 10.0
Tolerable Signal (dBm) -43.0 -49.0
Coupling loss Req'd (dB) 96.0 102.0
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X.2.2.1.3

This occurs as aresult of the inter/intra modulation products of the BTS, and it is afunction of the frequency offset. It
should be noted that, the tx inter/intra modulation products generated by the BTS will be at exactly the same
frequencies as those generated in the MS due to the transmit tones from the BTS. Since the MSis far away from its
serving cell it is assumed to be operating close to its sensitivity level. Given anoise floor, whichiisat -110 dBm

(200 kHz) in the M S, the required coupling loss to get the BT S inter/intra modulation products down to the M S noise
floor can be calculated.

BTS Tx Inter/Intra Modulation Masking

Table X.5: Coupling loss required due to BTS Tx inter/intra modulation masking

Frequency Band GSM900 DCS1800
BTS Power (dBm) 43 43
Mask (dBc) -80 -80
Antenna Gain (MS+BTS) 10 10
Noise Floor (dBm) -110 -110
Coupling loss (dB) 83 83

X.2.2.2 Minimum Coupling for Uncoordinated Case

From the above analysis the normal degradation mode will be that of BT'S noise masking of the receiver performance.
In that instance, depending on the relative frequency offset, the minimum coupling loss which alows an uncoordinated
MSto operate is 83 dB for offsets from 1 800 kHz to 6 000 kHz and 78 dB for > 6 000 kHz offset.

Where the uncoordinated MSis operating on an ARFCN, which is exposed to intermodulation products, it has been
found that the M S receiver performance limits the link, since the BTS tx intermodulation products and the M S receiver
intermodulation products will land on exactly the same frequencies. In that scenario, the required coupling losses were
found to be 96 dB and 102 dB respectively for 900 MHz and 1 800 MHz operation respectively.

X.3  Analysis of Specifications
Given the analysisin subclause X.2 to establish propagation conditions which will alow coordinated and uncoordinated

M Ss to successfully operate on the up and down links this section will examine the specifications of GSM 05.05 for
EDGE operation.

X.3.1 Scenario 1: Single BTS and MS

X.3.1.1 Specifications Affected (GSM 05.05)

Subclause 6.1  Nomina error rates (maximum receiver levels).

Subclause 6.2  Nominal error rates (maximum receiver levels).

X.3.1.2 Maximum Receiver Levels

This case has been analyzed in subclause X.2.1.1.1.
X.3.1.3 Reference Sensitivity Level

X.3.1.3.1

The absolute sensitivity of the BTS and MS will determine the coverage characteristics of the BTS and MS. The actual
result is a complex function of building geometry, antenna height, building penetration loss, and a number of other
factors.

Coverage Limit
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X.3.1.3.2 Link Balance

Link balance for symmetric operation is determined from relatively few factors assuming that the uplink and downlink
channels are reciprocal. Assuming equivaent Eb/No for the MS and BTS, and given a M S with atransmit power of

33 dBm at 900 MHz, and 30 dBm at 1800 MHz, and areceiver noise floor of -110 dBmin both bands, and a BTS with
anoise floor of -112 dBm and a diversity benefit of 5 dB in the uplink balance occurs at the following BTS power:

BTS Transmit Power (Balanced) = MStx power - BTS noise floor + BTS Diversity + M S noise floor.
For 900 MHz

BTS Transmit Power (Balanced) = 33dBm- (-112dBm) + 5dB + (-110 dBm) =40 dBm.
For 1800 MHz

BTS Transmit Power (Balanced) = 30 dBm - (-112dBm) + 5dB + (-110 dBm) = 37 dBm.

X.3.2 Scenario 2: Multiple MS and BTS, Coordinated

Coordinated operation is assumed ie BTS's belong to same PLMN. Collocated MS's and collocated BTS's are dealt
with in Scenarios 4 and 5, respectively.

MS
Serving
BTS
o
MS
Figure X.1: Near/far
BTSwith
channels every
800 kHz MS

Ny s

Figure X.2: BTS intermodulation
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. MS1
Serving
BTS
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Figure X.3: Intra BTS intermodulation

X.3.2.1 Specifications Affected (GSM 05.05)

Subclause 4.1 Adaptive power control.

Subclause 4.2 Output RF spectrum.

Subclause 4.7.1 Intermodulation attenuation, BTS (see figure X.2).
Subclause 4.7.2  Intra BTS intermodul ation attenuation (see figure X.3).
Subclause 5.1  Blocking, in-band (near/far effect).

Subclause 6.3  Reference interference level.

X.3.2.2 Adaptive Power Control (GSM 05.05, subclause 4.1)

Thiswas examined in X.2.1.1.1.

X.3.2.3 Output RF Spectrum (GSM 05.05, subclause 4.1)

In closest approach to aBTS, asingle MS will transmit energy into adjacent channels and beyond. For channels, which
are offset from the MS ARFCN by 200 kHz, 400 kHz, and 600 kHz:

[TBD]
For larger offsets the amount of desensitization of the BTS can be calcul ated.

For GSM900, given aBTS noise floor -112 dBm, with downlink power control enabled the closest approach mobile
will induce.

Table X.6: Desensitization of BTS due to the presence of close in coordinated GSM900 MS.

Offset 1 800 kHz 3 000 kHz 6 000 kHz
Mobile Power (dBm) 5 5 5
Mask at offset (200 kHz) (dB) -68 -70 -76
Coupling loss (dB) -49 -49 -49
Antenna Gain (MS + BTS) 10 10 10
Mask Power at BTS (dBm) -102 -104 -110
Desensitization (dB) 10.4 8.6 4.1

For DCS1800, given aBTS noise floor -112 dBm, with downlink power control enabled the closest approach mobile

will induce.
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Table X.7: Desensitization of BTS due to the presence of close in coordinated DCS1800 MS

Offset 1 800 kHz 6 000 kHz
Mobile Power (dBm) 0 0
Mask at offset (200 kHz) (dB) -64 -72
Antenna Gain (MS + BTS) 10 10
Coupling loss (dB) -49 -49
Mask Power at BTS (dBm) -103 -111
Desensitization (dB) 9.5 3.5

X.3.2.4 Inter/Intra Modulation Attenuation, BTS (GSM 05.05,

subclauses 4.7.1 and 4.7.2)

With 30 dB of coupling assumed between the antenna faces of a sectorized cellsite the intermodulation distortions
should be same or less than the allowable intra BTS intermodul ation | evels.

For coordinated system with even channel spacing inter/intra modulation products can land on channel asin band
interference.

Given an MCS 9 channel that requires, for example, 25 dB of C/I, and the BT S supports 30 dB of dynamic power
control then the system would have to provide at least 55 dB of suppression to mitigate the impact of Inter/Intra
Modulation products.

The uncoordinated problem is examined in more detail in clause X.5.

The impacts of transmit and receive intermodulations are also examined in subclauses X.2.1.1.2, X.2.2.1.2, X.2.2.1.3,
and clause X.5.

X.3.2.5 Blocking (GSM 05.05, subclause 5.1)

Blocking occurs when areceiver is unable to distinguish between alow power desired signal in the presence of ahigh
powered interferer which is not on channel (distinct from C/I).

In a coordinated scenario these conditions are manifest where adesired MSis operating far from the serving BTS and
there are other coordinated mobilein close proximity to the BTS. This case was analyzed for the uplink in

subclause X.3.2.3 and from those results it can be seen that the desensitization associated with the M S wide band noise
isin fact a dominant mechanism for operational blocking.

For the downlink the coordinated case is not applicable since asingle BTS has all of its transceivers in one place.

In the case of multiple BTSsthisis an issue of network C/I performance and is afunction of the deployed channel reuse
rate. Thisis covered more extensively in clause X.4.

X.3.2.6 Reference Interference Level
[TBD]
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X.3.3 Scenario 3: Multiple MS and BTS, Uncoordinated

BTS2 M52

Figure X.4: Blocking scenario

M3
/ fl\ Intermod.
BTS2 — —

M53

BTS51

Figure X.5: BTS transmit intermodulation masking and MS transmit mask

m MS3
MS1_— = >BTS1<
F
HS2
= "2 BTS?

Figure X.6: BTS receiver intermodulation masking

X.3.3.1 Specifications Affected (GSM 05.05)
Subclause 4.2 Output RF spectrum.
Subclause 4.7 Intermodulation (see figure X.5).
Subclause 5.1  Blocking, in-band, up and down links (see figure X.4).

Subclause 5.3  Intermodulation, in-band (see figure X.6).

X.3.3.2 Output RF Spectrum (GSM 05.05, subclause 4.2)
This case was examined in X.2.2.1.1 for the downlink.
Uplink:

In closest approach to aBTS, asingle MS will transmit energy into adjacent channels and beyond. For larger offsets,
which isthe case that appliesto uncoordinated scenarios, the amount of desensitization of the BTS can be calculated.
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For GSM900, given aBTS noise floor -112 dBm, noise masking only, a closest approach uncoordinated mobile will
induce.

Table X.8: Desensitization of BTS due to the presence of close in uncoordinated GSM900 MS

Offset 1 800 kHz 3 000 kHz 6 000 kHz
Mobile Power (dBm) 33 33 33
Mask at offset (200 kHz) (dB) -68 -70 -76
Antenna Gain (BTS + MS) 10 10 10
Coupling loss (dB) -83 -83 -78
Mask Power at BTS (dBm) -108 -110 -111
Desensitization (dB) 54 4.1 3.5
MS Power at BTS (dBm) -40 -40 -35

For DCS1800, given aBTS noise floor -112 dBm, noise masking only, a closest approach uncoordinated mobile will
induce.

Table X.9: Desensitization of BTS due to the presence of close in uncoordinated DCS1800 MS.

Offset 1 800 kHz 6 000 kHz
Mobile Power (dBm) 30 30
Mask at offset (200 kHz) (dB) -70 -78
Antenna Gain (MS + BTS) 10 10
Coupling loss (dB) -83 -78
Mask Power at BTS (dBm) -113 -116
Desensitization (dB) 2.5 1.5
MS Power at BTS (dBm) -43 -38

From the above, it can be seen, that even with relatively large coupling losses the wideband noise of the mobileisa
dominant desensitization mechanism.

In situations where an uncoordinated mobile is experiencing receive intermodul ation events the coupling loss required
for it to work are much larger and would not be able to get close enough to the BTS to measurably desensitize it.

X.3.3.3 Transmit Intermodulation (GSM 05.05, subclause 4.7)

This case was examined in subclause X.2.2.1.3.

X.3.3.4 Blocking, In-Band Up and Down Links (GSM 05.05, subclause 5.1)
The downlink scenario is examined in subclause X.2.2.1.1.
Uplink:

From subclause X.2.2.2, the minimum coupling losses when intermodul ation products are not involved are 83 dB for
MS operating 1 800 kHz to 6 000 kHz away from the desired channel, and 78 dB for MS > 6 000 kHz offset in
frequency. From the BTS these coupling losses set the noise at the MS antenna equal to the noise in the MS which
yields a3 dB desensitization in the M S. In the reverse direction these coupling losses yield:

MS Power + Antenna (BTS + MS) - Coupling loss
33dBm + 10 dB - 83 dB =-40 dBm at the BTS (GSM 900, 1 800 kHz to 6 000 kHz offset)
30dBm+ 10dB - 83 dB =-43 dBm at the BTS (DCS1800, 1 800 kHz to 6 000 kHz offset)
33dBm + 10 dB - 78 dB = -35 dBm at the BTS (GSM 900, > 6 000 kHz offset)
30dBm+10dB - 78 dB = -38 dBm at the BTS (DCS1800, > 6 000 kHz offset)

For these values the associated amount of BTS desensitization is.
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Table X.10: Achievable Operational Blocking Levels

GSM900 DCS1800
Offset 3 000 kHz 6 000 kHz 1 800 kHz 6 000 kHz
MS Mask (200 kHz) (dB) -70 -76 -70 -78
Signal Level (dBm) -40 -35 -43 -38
Noise Power at BTS (dBm) -110 -111 -113 -116
Noise Floor of BTS (dBm) -112 -112 -112 -112
Desensitization (dB) 4.1 3.5 2.5 1.5

These values represent the signals that would be observed in practice at aBTS that is operating in a near far relationship
with different PLMN. Since the exiting test levelsin GSM 05.05 subclause 5.1 are significantly higher than the above
the BT S response to the M S tone level s received operationally there is significant margin in that specification.

When the frequency planning of the serving network is such that the MS generates intermodul ation products which land
on its operating channel the M S will need significantly more coupling lossin order to operate.

X.3.3.5 BTS Receiver Intermodulation (GSM 05.05, subclause 5.3)

From GSM 05.50, the input levels, which will generate intermodulation products at the same level asthe BTS noise
floor are:

e -43dBmfor GSM900.

e -49 dBm for DCS1800.

Table X.11: Minimum Coupling Losses Based on MS receiver Intermodulation Requirements

GSM900 DCS1800
MS Transmit (dBm) 33.0 30.0
Antenna Gain (dBi) 10.0 10.0
Tolerable Signal (dBm) -43.0 -49.0
Coupling loss Req'd (dB) 86.0 89.0

If the coupling loss exceeds this the intermodulation products will not be high enough to cause a problem. As noted in
subclause X.2.2.2 in situations where intermodul ation generation is possible on the up and down links the coupling
losses required to allow a mobile to operate are much larger than and as such this should not be a normal operational
impairment.

X.4 C/l Limited Coordinated MS and BTS

Thisisthe situation where a mobile is operating in a system with many BT Ss arranged in regular reuse patterns. In this
caseit is necessary to understand the baseline C/I condition that will apply in the coverage area. The following assumes
that the system would be otherwise functional from an absolute signal level standpoint.

X.4.1 N=4/12 Reuse Pattern, Geometric C/I

The following figure shows the mean C/1 levels expected in a N=4/12 reuse pattern. This was generated assuming a
propagation factor of 38 dB/decade.
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Figure X.7: Geometric C/l contours for N=4/12 reuse pattern

X.4.2 N=4/12 Reuse Pattern, C/| CDF

The following figure shows the C/I CDF that correspondsto Figure X.7 with the assumption of a6 dB standard
deviation for the shadowing component.
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Figure X.8: CDF of C/l for an N=4/12 reuse plan with shadowing standard deviation of 6 dB

X.4.3 Adjacent Channel Interference
Adjacent channel interference can be represented as a co channel interference which the system is more tolerant of.

[TBD]

X.5 BTS Inter and Intra Modulation

BTS inter and intra modulations are additional sources of interfering energy between systems. For coordinated MS if
the inter/intra modul ation energy is too high it would have the potential to limit the available downlink power control
range. For uncoordinated M S there is potential for inter/intra modulation components falling on channel and causing
undesirable interference. The worst case for the uncoordinated systemsis that the serving and interfering cell are at
opposite ends of the same coverage area with the uncoordinated M S close to the interferer and far from the serving
BTS.

In operation, the use of DTX and forward link power control will significantly reduce the actual inter/intra modulation
energy radiated from the interfering BTS. Figure X.7 illustrated the inherent C/I baseline for the network deployed on
an N=4/12 reuse plan. That figure does not show the impact of shadowing, however, it can be seen that the average C/l
at the cell EDGE at the extreme opposite end of the coverage is ~ 20 dB. It is thus desirable then that the inter /intra
modulation performance would not adversely impact that performance.

X.5.1 Simplified Analysis

The following analysis examines the impact on performance of -60 dBc intra/inter intermodulation. (while the
calculations make use of absolute values for distance, the results are dependent upon relative geometry).
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BTS2 — 2 _ MS1 BTS1

R1 R2

Figure X.9: Representation of relative geometry for BTS intra/inter modulation performance
The parameters are:
IMD = -60 dBc (intra BTS intermodul ation attentuation level).
v = 38 (decade loss figure).

DCI =20 dB (minimum C/I).

IMD-DCI

DR=10 7  =11.3(distanceratio which will meet desired C/I given IMD).

R, + R, =1000m (maximum cell site radius).

R . ) . . .
DR= ?2 (base to coordinated mobile R; / interfering base to mobile Ry).
1

R=(R + RZ)% =918.7 m (R where C/I due to interfering base meets required minimum C/1).
+

Because the distance to the interfering base station is small, the reduction in antenna gain has to be accounted for. An
additional factor of 10 dB needs to be accounted for.

Therefore, the region below 10 dB isrestricted to:
ANT _ CORR=10 dB (assumed antenna gain correction).

IMD-DCI +ANT _CORR

DR =10 y =207
DR
R=(R +R,)—— =9539 m
(R 2)1+DR

So inthis case, it has been shown that only the last 2.6% of the range is potentially exposed.

R
L -48%
R2

Thisis0.23% of the area

2
Rl —o02s%
RZ

Where power control is used and when |ess than the maximum number of channelsis operating, the actual IMD levels
will be significantly reduced.
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X.5.2 Normal BTS to Normal BTS (Same EIRP)

MS

L —

Uncoordinated Serving Cell
Cell

Figure X.10: Relative geometry for inter/intra modulation analysis

The serving cell is part of a N=4/12 reuse plan. The serving cell and the uncoordinated cell are operating with the same
EIRP.

Infigures X.11 and X.13 show the geometric C/I for a60 dBc and 70 dBc rms. interferer. The antenna height is 40 m.
Low gain antennas are used which provide very little vertical pattern rolloff close in to the BT Ss. Propagation constant
is 38 dB per decade.

Figures X.12 and X.14 show the C/I CDFsfor 60 dBc and 70 dBc rms. interferers. There is no significant degradation

compared to figure X.8.
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Figure X.11: Geometric C/l contours for worst-case interfering cell (interferer at -60 dBc)
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Figure X.12: C/I CDF for N=4/12 and interferer at -60 dBc, standard deviation = 6 dB
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Figure X.13: Geometric C/l contours for worst-case interfering cell (interferer at -70 dBc)
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Figure X.1: C/I CDF for N=4/12 and interferer at -70 dBc, standard deviation = 6 dB

X.5.3 Normal to Micro (Micro BTS EIRP is 20 dB less than
Normal BTS)

=

Uncoordinated
Cdll Serving Cell

Figure X.15: Relative geometry for inter/intra modulation analysis for Normal to Micro BTS

In this case the microcell is assumed to have an EIRP which is 20 dB less than the normal BTS. Since the normal BTS
is transmitting with an EIRP which is 20 dB higher than the micro BTS the apparent inter/ intra modulation energy is 20
dB higher relative to the micro transmit power.

The serving cell is an omni microcell which is part of an N=7 reuse plan. The microcell network is assumed to haveits
antennas deployed at 20 m.

Infigures X.15 and X.18 show the geometric C/l for a60 dBc and 70 dBc rms. interferer. Thus, relative to the
microcell, the intermodul ation energy is apparently at 40 dBc and 50 dBc relative to the microcell carriers. The
uncoordinated antenna height is 40 m. Low gain antenna patterns are used which provide very little vertical pattern
rolloff close in to the BT Ss. Propagation constant is 35 dB per decade.

Figures X.17 and X.19 show the C/I CDFsfor 60 dBc and 70 dBc rms. interferers.
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Figure X.16: Geometric C/l contours for a Microcell with Normal BTS interferer
that is radiating intermodulation emissions at 40 dB rms below the Microcell EIRP
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Figure X.17: C/I CDF for an N=7 omni network with an interfering Normal BTS
that is radiating intermodulation emissiona at 40 dB rms below the Microcell EIRP,

standard deviation =6 dB
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Figure X.18: Geometric C/l contours for a Microcell with Normal BTS interferer
that is radiating intermodulation emissions at 50 dB rms below the Microcell EIRP
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Figure X.19: C/I CDF for an N=7 omni network with an interfering Normal BTS
that is radiating intermodulation emissiona at 50 dB rms below the Microcell EIRP,
standard deviation =6 dB
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Annex Y:
T-GSM 900 system scenarios

Y.0 Introduction

This paper discusses system scenarios for T-GSM 900 operation primarily in respect of the 05.05 series of
recommendations. To develop the T-GSM 900 standard, al the relevant scenarios need to be considered for each
part of 05.05 and the most critical casesidentified. The process may then be iterated to arrive at final parameters
that meet both service and implementation requirements.

Y.l  Frequency bands and channel arrangement

T-GSM 900 systems are specified for the following frequency band. It is recognised that a guard band is required at the
crossover from up link to down link at 915 MHz. See also CEPT ECC Report No. 5 on Adjacent Band Compatibility
between TAPS (T-GSM 900) and GSM at 915 MHz:

T-GSM 900 Band
870.4 — 876 MHz: mobile transmit, base receive;
915.4 — 921 MHz: base transmit, mobile receive;

with acarrier spacing of 200 kHz.

Y.2  System Scenario Calculations for T-GSM 900
systems

Y.2.1 Worst case proximity scenarios

The purpose of the present document isto justify the adoption of E-GSM 900 radio frequency requirementsto the T-
GSM 900 system with minimal changes. This will make it easy to adapt standard GSM technology. Parameterslike
body loss and multiple interference margin are chosen to be identical that was used in GSM 900 or DCS 1800 system
scenario calculations performed earlier in SMG. This was decided for to keep comparison with different system
scenario calculations easy. It has to be noted that with chosen approach the T-GSM 900 scenario calculations are
somewhat pessimistic compared to the scenarios for GSM 900. Thisis because the user densities expected in the T-
GSM 900 are much lower than those of GSM 900.

As was seen with GSM 900 and DCS 1800 cases all worst case scenarios are not met. Compromises have been made
where the parameters have statistical probabilities of occurrences and implementation issues. Evidently it would also be
more severe to block aBTS than asingle MS. Statistical properties of occurrence determine that the co-ordinated case is
more important to meet than the uncoordinated case. Because of limited spectrum available in the T-GSM 900 band and
the adjacent location to the GSM P band at 915 MHz it is relevant to assume that systems are operated in a co-ordinated
manner in all cases.

Tables below show examples of close proximity scenariosin urban and rural environments for GSM 900 and T-GSM
900 systems.
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Table 1 Worst case proximity scenarios for T-GSM 900

Rural Urban
Street Building Street Building  Street
(1] (1]

BTS height, Hy, (m) 20 15 15 30 30
MS height, Hpy, (M) 15 15 15 20 15
Horizontal separation (m) [4] 30 30 15 60 15
BTS antennagain, Gy, (dB) [2] 18 10 10 18 18
BTS antennagain, G', (dB) [3] 0 10 2 13 0
MS antenna gain, Gy, (dB) 0 0 0 0 0
Path lossinto building (dB) 6 6
Cable/Connector Loss (dB) 2 2 2 2 2
Body Loss (dB) 1 1 1 1 1
Path loss - antenna gain (dB) 65 60 59 63 65

Notes:  [1] Handset at height Hyy, in building

[2] Bore-sight gain
[3] Gainindirection of MS

[4] Horizontal separation between MS and BTS

Path lossis assumed to be free spacei.e. 31.5 + 20 log d(m) dB for GSM 900 and T-GSM 900 systems, where d isthe
length of the sloping line connecting the transmit and receive antennas. The coupling lossis defined between antenna
connectors. The transmitter power and receiver sensitivity is measured at the respective antenna connectors.

Coupling between BTSs may result either from the co-siting of BTSs or from several BTSs in close proximity with
directional antenna. The minimum coupling loss between BT Ssisassumed to be 30 dB. Thisisdefined asthe loss between
the transmitter combiner output and the receiver multi-coupler input.

T-GSM 900 system scenario calculations use a value for dense urban area MCL of 59 dB.

MSto MS close proximity MCL is34.5 dB for GSM 900 and T-GSM 900. Recent measures indicate that body loss for
small hand-setsis closer to 10 dB rather than the used 1 dB (05.50 v 6.0.2 Appendix H). The requirements for the worst
case scenario would be relaxed by this difference and easier to meet.

Worst case scenarios usually involve a " near/far" problem of some kind, the component scenario assumptions as given in
the scenarios paper for "near” and "far" can be summarised as follows.
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"Near" MCL [dB]
BTS -> MS 59
MS -> BTS 59
MS -> MS 34.5
BTS -> BTS 30
"Far" TX power RX Sensitivity
[dBm] [dBm]
BTS 39 -104
MS 33 -102
Other parameters used in scenario calculations are:
Parameter Value[dB]
BTS power control range 30
MS power control range 26
C/l margin 9
Multiple interferers margin (MIM) 10
Transient margin 20
Margin for other IM's 3

It is suggested that MIM for T-GSM 900 should be much lower than 10 dB because of the lower amount of carriers possible, but
as was stated in the beginning GSM 900 system scenario calculation parameters are chosen for comparison reasons.

Y.3  Worst Case Scenario Requirements

Y.3.1 Transmitter

Y.3.1.1 Modulation, Spurs and noise

Y.3.1.1.1 Co-ordinated BTS -> MS
Max. Tx noise level in Rx bandwidth = [BTS power] - [Power control range] - [C/l margin] - [MIM] =

39-30-9-10=-10dBm

Y.3.1.1.2 Uncoordinated BTS -> MS
Max. Tx. level of noisein Rx. bandwidth = [M S sensitivity] - [C/l margin] - [MIM] + [MCL] =
-102-9-10+59 = -62 dBm
Max. Tx level of spur in Rx bandwidth = [M S sensitivity] - [C/l| margin] + [MCL] =
-102-9+ 53=-52dBm
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Y.3.1.1.3 Coordinated & Uncoordinated MS -> BTS
Max. Tx level in Rx bandwidth = [BTS sensitivity] - [C/l margin] + [MCL] =
-104 -9+ 59 =-52dBm

Y.3.1.14 Coordinated & Uncoordinated MS -> MS
Max Tx level in Rx bandwidth = [M S sensitivity] - [C/l margin] + [MCL] =
-102-9+345=-76.5dBm

Y.3.1.15 Coordinated & Uncoordinated BTS -> BTS
Max Tx level noisein Rx bandwidth=[BTS sensitivity] - [C/l margin] - [MIM] + [MCL] =
-104-9-10+30=-93dBm

Y.3.1.2 Switching transients

Y.3.1.2.1 Uncoordinated MS -> BTS
Max. peak level in effective Rx BW at MS=[BTS sensit.] - [C/l margin] + [MCL] + [Transient margin] =
-104-9+59+20=-34dBm

Y.3.1.2.2 Uncoordinated BTS -> MS
Max. peak level in effective Rx BW at BTS=[MS sensit.] - [C/l margin] + [MCL] + [Transient margin] =
-102-9+59+20=-32dBm

Y.3.1.3 Intermodulation

Y.3.1.3.1 Coordinated BTS -> MS
Required IM attenuation in BTS = [C/I margin] + [BTS power ctrl range] + [margin for other IMs] =
9+30+3=42dB

Y.3.1.3.2 Uncoordinated BTS -> MS
Required IM attenuat. in BTS = [BTS power] - {[Max. allowed lev. at MS1] + [MCL BTS2->MS1]} =
39-{[-102-9-3] + 59} =94 dB

Y.3.1.3.3 Uncoordinated MSs -> BTS
Required IM attenuat. in MS=[MS power] - {[Max. alowed level at BTS2] + [MCL MS->BTS2]} =
33-{[-104-9-3] +59} =90dB

Y.3.1.34 Uncoordinated MS & MS -> MS
Required IM attenuat. in MS=[MS power] - {[Max. alowed level at MS3] + [MCL MS->MS3]} =
33-{[-1029-3] +34.5} =1125dB
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Y.3.2 Receiver

Y.3.2.1 Blocking

Y.3.21.1 Coordinated & Uncoordinated BTS -> MS
Max. level at M S receiver = [BTS power] + [MIM] - [MCL] =
39+10-59=-10dBm

Y.3.2.1.2 Coordinated MS -> BTS

Max level at BTSreceiver = [MS power] - [Power control range] - [MCL] =

33-26-59=-52dBm

Y.3.2.1.3 Uncoordinated MS -> BTS
Max level at BTS receiver = [MS power] - [MCL] =

33-59=-26dBm

Y.3.2.14 Coordinated & Uncoordinated MS -> MS
Max. level at MSreceiver = [MS power] - [MCL] =

33-345=-15dBm

Y.3.2.1.5 Coordinated & Uncoordinated BTS -> BTS

Max. level at BTSreceiver = [BTS power] + [Multiple interferers margin] - [MCL] =

39+ 10—30=19 dBm
Y.3.2.2 Intermodulation

Y.3.2.21 Coordinated & Uncoordinated BTS -> MS
Max. received level at MS1 = [BTS power] - [MCL BTS2->MS1] + [Margin for other IMs] =
39-59+3=-17dBm

Y.3.2.2.2 Coordinated MS -> BTS
Max. received level at BTS1 = [MS power] - [MS power ctrl range] - [MCL MS-> BTS1] + [Margin for other IMsg] =

33-26-59+3=-49dBm

Y.3.2.2.3 Uncoordinated MS -> BTS
Max. received level at BTS1 = [MS power] - [MCL MS-> BTS1] + [Margin for other IM's] =

33-59+3=-23dBm
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Y.3.2.3 Maximum level

Y.3.2.3.1 Coordinated MS -> BTS
Max level at BTS=[MS power] - [MCL] =
33-59=-26dBm

Y.3.2.3.2 Coordinated BTS -> MS
Max level at MS=[BTS power] - [MCL] =
39-59=-20dBm

Y.4 Transmitter characteristics

For readability the chapter numbering in the transmitter and receiver characteristics chapters are aligned with
current GSM 05.05 chapter numbering.

The worst case scenario requirements and current GSM 05.05 specification for GSM 900 are summarized in the tables
beginning of each relevant chapter. Specification requirementsin the table entries are converted to 200 kHz bandwidth to
be comparable for scenario cal culation results.

Y.4.1 Output power

Y.4.1.1 Mobile Station
T-GSM 900 uses the same power classes as GSM 900.

The absolute tolerance on power control levels has been chosen to be the same as with GSM 900.

Y.4.1.2 Base Station

T-GSM 900 uses the same power classes as GSM 900.

The tolerance on the BTS static power control step size is the same as for GSM 900.

Y.4.2 Output RF Spectrum

Y.4.2.1 Spectrum due to the modulation and wideband noise

Coordinated scenarios | Uncoordinated scenarios According to GSM 05.05 GSM900
T- GSM900 T- GSM900 39/33 dBm TX pwr_|Frequency offset
Transmitter
Modulation and wide band noise (allowed) [dBm] Introduced [dBm]
BTS -> MS -10 -10 -62 -62 -27 600 kHz|
MS -> BTS -52 -52 -52 -52 -27 600 kHz|

Coordinated case

In the coordinated case the BT S wideband noise requirement are fulfilled with both GSM 900 and T-GSM 900 systems
and thus there is no need to change the specification for BTS TX mask.

Worst case scenario requirements for MS wideband noise are tighter than for BTS. Since the table entriesin GSM 05.05
are relative, asthe level of the transmitter is reduced, the absolute specification becomes tighter. For coordinated MS to
BTS interference it is to be noted that power control works and MS will be powered down. For MS close to BTS it is
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relevant to expect that minimum MS TX power is used. Thus introduced wideband noise is reduced accordingly down to
—43 dBm at 600 kHz offset. Still thereisagap of 9 dB in GSM 900 scenarios and specification.

Probability of this scenario islow and actually allowing this to happen is not practical cellular planning. Low power
users operating very close to BTS may block userslocating in the edge area of very large cells that operate with full
power and still close to sensitivity level. In other words blocking of some users at cell edge would require large cellsin
dense urban areas with very small handover margin. In sensible cellular planning these should be contradictory
occurrences. Thusit was felt that there is no need to make specification too tight because of speculation of some
unpractical occurrences.

Uncoordinated case

The theoretical worst case uncoordinated scenarios are failing by a large margin. This has always been the case for all
bands. In redlity this situation is very rare. An uncoordinated scenario is unlikely in the spectrum available for T-GSM
900. Secondly the theoretical calculations assumes the MS to be operating at its sensitivity limit while being close to a
disturbing BTS. Thisis not a likely scenario. Experience has proved that there is no reason to require a change in the
existing GSM 900 transmitter mask.

Specia Case

The normal requirement to wideband noise is inadequate in the case of a GSM BTS receiver operating just below 915
MHz and a T-GSM 900 BTS operating above 915 MHz. In this case coordination isrequired. The TAPS BTS will need
to be fitted with an additional filter to suppress the wideband noise according to the physical distance and separation in
frequency. See ECC Report no. 5.

Y.4.2.2 Spectrum due to switching transients

Coordinated case

GSM 05.05 defines modulation mask, switching transients, spurious emissions and intermodulation specifications to be
consistent with each other (GSM 05.50 V6.0.2 Annex D). The requirements for GSM900 are considered adequate also
for T-GSM 900.

Uncoordinated case

The requirements for GSM 900 are considered adequate also for T-GSM 900.

No changesin respect to GSM 900 requirements are proposed.

Y.4.3 Spurious emissions

Y.4.3.1 Principle of the specification

No changes to measurement conditions are needed.

Coordinated scenarios Uncoordinated scenarios According to GSM 05.05 GSM900
T-GSM900 _ |GSM900 T-GSM900  |GSM900 39/33 dBm TX pwr_|Frequency offset

Transmitter

Spurious emissions (allowed at RX) [dBm] Introduced [dBm]

BTS Normal -93 -98 Own RX-band
BTS R-GSM -93 -89 Own RX-band
BTS T-GSM -93 -93_| 98 Own RX-band
MS P-GSM -76.5] -79 Own RX-band
MS E-GSM -76.5 -67 Own RX-band
MS R-GSM -76.5 -60 Own RX-band
MS T-GSM -76.5 -76.5 -60 Own RX-band

Y.4.3.2 Base transceiver station

The current specification for BTS requires—98 dBm level of spurious emissions suppressionin a200 kHz BTS RX band.
Current understanding is that the GSM 900 specification can be adopted for T-GSM 900 systems.
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When T-GSM 900 BTSis co-sited with GSM systems in other bands, measures must be taken for mutual
protection of receivers. T-GSM 900 systems must not produce excessive level of noisein the relevant up-link
bands for GSM 900 and DCS 1800. GSM 900 and DCS 1800 are currently specified to allow a maximum of —36
dBm spurious emissionsin the T-GSM 900 MHz band. This does not quite match with the requirements for T-
GSM 900 systems. However no changes to the specifications are proposed asit is considered highly unlikely that
these levels will exist so close to own receive band for GSM 900 and even more unlikely for DCS 1800. If BTSs
of different frequency bands are co-sited the coupling loss must be increased by antenna arrangement or with
external filters, but this must not be a part of GSM specification.

Y.4.3.3 Mobile station

In idle mode power measured in GSM 900 down link band is limited to —-57 dBm at 100 kHz measurement band. In up
link band allowed level is—59 dBm. For uplink the wideband noise scenario requirement is —60 dBm at 200 kHz band.
Due to different measurement methods (i.e. average vs. peak value) in wideband noise and spurious emission conditions
it is reasonable to assume that GSM 900 requirements can be adopted asis for T-GSM 900 systems.

When alocated a channel the GSM 900 and DCS 1800 systems are currently specified to allow at maximum —36 dBm
spurious emission in the 9 kHz — 1 GHz frequency range with measurement conditions as specified in GSM 05.05.
However, no changes are proposed for the GSM 900 or DCS 1800 systems.

Y.4.4 Radio frequency tolerance

Maintain requirementsin GSM 05.05 (defined in GSM 05.10).

Y.4.5 Output level dynamic operation

Y.4.5.1 Base station

This specification only affects the interference experienced by co-channel cellsin the same PLMN. The requirement on
the relative power level of unactivated timeslotsis -30 dBc that isin line with the BTS power control range.

Maintain current specification.

Y.4.5.2 Mobile station

Maintain current specification.

Y.4.6 Phase accuracy

Maintain current specification for GSM 900 in 05.05 (defined in GSM 05.04).

Y.4.7 Intermodulation attenuation

For GSM 900 system intermodul ation attenuation is specified only for BTS. Required intermodulation attenuation in the
coordinated case for both GSM 900 and T-GSM 900 systems is 42 dB while the current specification states that
attenuation is 70 dB.

No changes are proposed for intermodul ation attenuation specification.
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Y.5 Receiver characteristics

Y.5.1 Blocking characteristics

Coordinated scenarios

Uncoordinated scenarios

According to GSM 05.05 GSM900

T-GSM900 _|GSM900

T-GSM900__|GSM900

39/33dBm TX pwr |Frequency offset

MS <- BTS -10 -10 10 -10 -23| 3 MHZ]
BTS <- MS 52 52 26 -26) -13] 3 MHZ|
MS <- MS -1.5] -1.5] -1.5 -1.5 0& -9 for T-GS Own TX-band
BTS <-BTS 19 19 19 19 8 Own TX-band

The scenario where MSis blocked by BTS is considered to have insignificant influence because of the GSM-R
band that separates T-GSM 900 and GSM 900. In respect of the GSM-R again no significant influence is
expected because of the relative low user densitiesin this band and the statistical probability of a GSM-R MSto
be close to a T-GSM BST and far away from its own BST while wanting to communicate.

The scenario where MSis blocking MS is very depending on statistical probabilities. It is considered highly
unlikely that two MS will be in operation on the same timeslot within afew meters and oneis at the sensitivity
limit also considering the relatively low user densities of T-GSM.

The BTSto BTS blocking is a special case for T-GSM because of the frequency allocation. T-GSM BTS
transmitter is operating from 915.6 MHz and the GSM BST receiver may be at 914.8 MHz in the same
geographical area. This situation requires co-ordination and may require additional filters at the GSM BST
receiver where the physical distance is short between a T-GSM BTS and the GSM BTS. See a'so ECC Report
No. 5.

Frequency Frequency range (MHz)
band T-GSM 900
MS BTS
in-band 900 - 980 850 - 915
out-of-band (a) 0,1-<900 0,1-<850
out-of-band (b) N/A N/A
out-of band (c) N/A N/A
out-of band (d) > 980 - 12,750 > 915 - 12,750
Frequency band E-GSM 900 T-GSM 900
MS BTS MS BTS
dBm | dBm [ dBm | dBm
in-band
600 kHz< |f-fy | < 800 kHz -43 -26 -43 -26
800 kHz< [f-fy | < 1.6 MHz -43 -16 -43 -16
1.6 MHz< |f-f | < 3 MHz -33 -16 -33 -16
3MHz <|ffy | -23 -13 -23 -13
out-of-band
(a) [Note 1] -5 8 -9 8
(b) - - - -
(©) - - - .
(d) 0 8 0 8
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Note 1: Relaxation for E-GSM MSisin the band 905 — 915 MHz.

The BTS in-band blocking requirement has kept same as for the GSM 900 system.

The out-of-band specification has been changed for MS. It has taken implementation issues into account but is based on
the low probability of occurrence.

Y.5.2 AM suppression characteristics

AM suppression regquirement is targeted for uncoordinated operation where two operators share the band. Current
requirements are about the same for both GSM 900 and DCS 1800 systems. Because of the closeness of GSM 900,
GSM-R and T-GSM 900 it is considered that the current GSM 900 requirement also shall cover T-GSM 900.

Y.5.3 Intermodulation Characteristics

Coordinated scenarios Uncoordinated scenarios According to GSM 05.05 GSM900
T-GSM900 _ |GSM900 T-GSM900 _ [GSM900 39/33 dBm TX pwr_|Frequency offset
Intermodulation (Max level introduced) [dBm] Allowed [dBm]
MS <- BTS -17 -17 -17 -17 -49
BTS <- MS -49 -49 -23 -23 -43

T-GSM 900 has the same characteristics as GSM 900 although with much reduced user densities. Because of the
ramifications of a change in the specification it is not proposed to change the intermodul ation requirements for T-GSM
900.

Y.5.4 Spurious emissions

No changes are proposed for this requirement.

Y.6  Receiver performance

T-GSM 900 is sufficiently close in frequency to GSM 900 not to make any changes to the specification for T-GSM 900.
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Annex Z:
MBMS system scenarios

The following section contains simulation results for MBM S repetition schemes, to be used in the definition of receiver
performance requirements of MBMS.

In the figures below, the performance of repetition redundancy (i.e. transmission without ARQ, as defined in 3GPP TS
43.246) for different coding schemes and with different numbers of repetitions is shown. The performance is defined in
terms of the C/I required to achieve the target SDU Frame Erasure Rate. The simulations have been carried out using
the TU3iFH radio channel profile defined in 3GPP TS 45.005, with co-channel interference.

A Service Data Unit (SDU) is defined as the basic unit of data transported over the GERAN. In the case of A/Gb mode,
an SDU isan LLC frame. Since the performance of the repetitions schemes is dependent upon the size of the SDUs, a
fixed size needs to be defined. For these results a fixed LLC frame size of 510 octets has been used. This assumes an IP
packet of 500 octets plus 10 octets deriving from the overhead introduced by the SNDCP and LL C protocols. For
transmission without feedback, the LL C operates in unacknowledged mode. The 10 octets consists of 4 octets for the
SNDCP header (for the SN UNITDATA PDU format, see 3GPP TS 44.065), 1 octet for the LLC address field, 2 octets
for the LLC control field (Ul format, see 3GPP TS 44.064) and 3 octets for the LL C Frame Check Sequence. This
overhead is present only for transmission over GERAN A/G, mode.

In the simulations each RLC/MAC block is repeat k times. At the receiver the repetitions of each block are combined
and then the block is decoded. For GPRS coding schemes, performance results are presented without any combining of
the repetitions of each block. Each block is decoded independently, and if al of the repetitions of a block are found to
bein error, then a block error will be counted.

For EGPRS coding schemes, Incremental Redundancy has been used to combine the blocks. In this case, only blocks
for which the header has been successfully decoded have their payl oads combined. If after combining the decoded
block is still found to be erroneous, then a block error is counted.

The performance for SDU FER of 10%, 1% and 0.1% are presented for both GPRS and EGPRS coding schemes. Each
point in the graphs defines the throughput per timeslot corresponding C/I required to meet the SDU FER target for a
repetition scheme.

The parameters used in the simulations are summarised in Table 1.

Table 1: Simulation parameters

Radio Channel profile TU3 with ideal Frequency Hopping
Interference Co-channel

Simulation length 50000 RLC/MAC blocks

LLC frame size (SDU size) | 510 octets

SDU FER 10%, 1%, 0.1%

Receiver impairments none

The figures (for the C/I ratio) below do not include any implementation margin.

Figure 1, Figure 2 and Figure 3 contain results for atarget SDU FER of 10% for CS-1 to CS-4, MCS-1to MCS-4 and
MCS-5 to MCS-9, respectively.

Figure 4, Figure 5 and Figure 6 contain results for atarget SDU FER of 1% for CS-1to CS-4, MCS-1to MCS-4 and
MCS-5 to MCS-9, respectively.

Figure 7, Figure 8 and Figure 9 contain results for atarget SDU FER of 0.1% for CS-1 to CS-4, MCS-1 to MCS-4 and
MCS-5 to MCS-9, respectively.
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Figure 1: Performance of CS-1 to CS-4 for 10% SDU FER
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Figure 2: Performance of MCS-1 to MCS-4 with incremental redundancy for 10% SDU FER
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Figure 3: Performance of MCS-5 to MCS-9 with incremental redundancy for 10% SDU FER
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Figure 4: Performance of CS-1to CS-4 for 1% SDU FER
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Figure 5: Performance of MCS-1 to MCS-4 with incremental redundancy for 1% SDU FER
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Figure 6: Performance of MCS-5to MCS-9 with incremental redundancy for 1% SDU FER
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Figure 7: Performance of CS-1to CS-4 for 0.1% SDU FER
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Figure 8: Performance of MCS-1 to MCS-4 with incremental redundancy for 0.1% SDU FER
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Figure 9: Performance of MCS-5to MCS-9 with incremental redundancy for 0.1% SDU FER
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Annex ZA:
T-GSM 810 system scenarios

ZA.1 Introduction

The T-GSM 810 frequency band has been introduced in the GERAN specifications in order to allow the operation of a
trunking system based on GSM in the 810 MHz band. The band is as follows:

e 806 —821 MHz: Uplink (M S transmit, BT S receive)
e 851 -866 MHz: Downlink (BTS transmit, MS receive)
In China, regulations allow four trunking systems to be deployed in this band:

e T-GSM 810: GSM-based Digital Trunking Mobile Communication System in the 810 MHz frequency
band [2].

e T-CDMA: CDMA-based Digital Trunking Mobile Communication System in the 810 MHz frequency
band [3].

e  Trunking System A and Trunking System B: Digital Trunking Mobile Communication System [4].

Trunking System A and Trunking System B specified by the Chinese government in [4] correspond to the trunking
systems TETRA and iDEN™, respectively. In the following description, the four trunking systems are denoted T-
GSM810, T-CDMA, TETRA and iDEN™,

NOTE: iDEN™ jsatrademark of MotorolaInc.

In this Annex, the results of a partial coexistence analysis between these systems are presented. The study is based on a
worst-case scenario.

Coexistence of other system carriers and T-GSM 810 system carriers of the same duplex direction are assumed. Asa
consequence, the interference scenarios considered for the downlink study are:

e Other systemBTS - T-GSM 810 MS
e T-GSM 810BTS > Other system MS

For these scenarios, the objective is to evaluate the impact of other system BTS interference on T-GSM 810 MSand T-
GSM 810 BTS interference on other system MS.

For the uplink study, the interference scenarios considered are:
e Other system MS > T-GSM 810 BTS
e T-GSM 810 MS > Other system BTS

For these scenarios, the objective isto evaluate the impact of other system MSinterference on T-GSM 810 BTS and T-
GSM 810 MS interference on other system BTS.

Both TETRA and iDEN™ are TDMA systems. The carrier separation is both 25kHz. There are similar wireless
characteristics between the two systems. The following analysis focuses on the T-GSM 810, iDEN™, TETRA and T-
CDMA systems. It should also be noted that the coexistence between T-GSM 810 and TETRA is considered to be
feasible according to the ECC study [1].

ZA.2 Coexistence scenario study

In this study, the coexistence scenarios are studied between T-GSM 810-iDEN™, T-GSM 810-TETRA, T-GSM 810-T-
CDMA systems. The following subclauses provide coexistence analysis results for these three scenarios.
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ZA.2.1 T-GSM 810-iDEN™

ZA.2.1.1 Downlink study

In Table ZA.1 the calculations of the interference that occurs in different downlink scenarios are provided.

Table ZA.1
Scenario Tx Power Tx Tx Ant | Interference | Affordable Required Required
Losses Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB
T-GSM 810 BTS 47.8 8 10 49.8 -40 89.8 100m
interference on -9.2@400kHz 8 10 -8 -122 114 0.54km
iDEN™ MS dBm/25kHz dBm/25kHz
iDEN™ BTS -19@200- 8 10 -17 -113 96 150m
interference on 500kHz dBm/200kHz
T-GSM 810 MS

NOTE 1. Required separation distance is calculated by Okumura/Hata urban propagation loss model.
NOTE 2: T-GSM 810 BTS power = 60W, feed lossis 8dB.

NOTE 3: The significant source of iDEN™ BTS interference on T-GSM 810 M S is spectrum emission due to
modulation of iDEN™ BTS.

For the scenario T-GSM 810 BTSinterfereiDEN™ M S, when an iDEN™ MSis at a distance of 0.54km, the noise of
theiDEN™ M S increases by 3dB. The signal to interference ratio is ill 19dB. When aniDEN™ MSiisat a distance of
less than 0.54km from a T-GSM 810 BTS, the actual interference exist in some area, but will not be significant, which
can be eliminated by site engineering solution in areal network deployment.

For the scenario iDEN™ BTS interfere T-GSM 810 MS, when aT-GSM 810 MSis at adistance of 150m from an
iDEN™ BTS, the noise of the T-GSM 810 M S increases by 3dB. The signal to interferenceratio is still 20dB. When a
T-GSM 810 MSiis at adistance of lessthan 150m from an iDEN™ BTS, power control is used, the actual interference
will not be significant.

ZA.2.1.2 Uplink study

In Table ZA.2 the calculations of the interference that occursin different uplink scenarios are provided.

Table ZA.2
Scenario Tx Power Rx Rx Ant | Interference | Affordable Required Required
losses Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB
T-GSM 810 MS -28 4 10 -22 -125 103 0.26km
interference on dBm/25kHz dBm/25kHz dBm/25kHz
iDEN™ BTS @400kHz
iDEN™ MS -43 4 10 -37 -116 79 50m
interference on dBm/200kHz
T-GSM 810 BTS 35 4 10 41 -54 95 0.15km
@400kHz

NOTE 1. Required separation distance is calculated by Okumura/Hata urban propagation loss model.
NOTE 2: The power -43dBm of iDEN™ MSiis spurious emission power.

For the scenario T-GSM 810 MSinterfereiDEN™ BTS, in the above table the worst case is considered. In area
network, the T-GSM 810 M S transmit power isfar below the maximum output power and the required separation
distance is only about several meters. So the interference influence is not significant.
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For the scenario iDEN™ M S interfere T-GSM 810 BTS, from the above table, the interference is small and can be
tolerable. When aniDEN™ MSis at a distance of less than 0.15km from a T-GSM 810 BTS, the adjacent interference
can be tolerable. That can be solved by frequency plan solution in areal network deployment. And the probability that
the transmit power of aniDEN™ MSis equal to the maximum output power is small. So the interference influence is
not significant.

ZA.2.2 T-GSM 810-TETRA

ZA.2.2.1 Downlink study

In Table ZA.3 the calculations of the interference that occursin different downlink scenarios are provided.

Table ZA.3
Scenario Tx Power TX Tx Ant | Interference Affordable Required Required
Losses Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB
T-GSM 810 -10 dBm/25kHz 8 10 -8 dBm/25kHz -122 114 0.54km
BTS @400kHz dBm/25kHz
interference 47.8 8 10 49.8 -30 79.8 50m
on TETRA @400kHz
MS
TETRA BTS -33dBm/200kHz 8 10 -31 -113 82 61m
interference @100kHz dBm/200kHz dBm/200kHz
on T-GSM
810 MS
NOTE 1. Required separation distance is calculated by Okumura/Hata urban propagation loss model.

NOTE 2: T-GSM 810 BTS power = 60W, feed lossis 8dB, TETRA BTS power = 40W.

NOTE 3: The significant source of TETRA BTS interference on T-GSM 810 M Sis spectrum emission due to
modulation of TETRA BTS.

For the scenario T-GSM 810 BTSinterfere TETRA MS, when a TETRA MSisat a distance of 0.54km, the noise of the
TETRA MSincreases by 3dB. The signal to interference ratio is still 19dB. When aTETRA MSisat adistance of less
than 0.54km from a T-GSM 810 BTS, the actual interference exist in some area, but will not be significant, this can be
eliminated by site engineering solution in areal network deployment.

For the scenario TETRA BTS interfere T-GSM 810 MS, from the above table, the interference is small and can be
tolerable.

ZA.2.2.2 Uplink study

In Table ZA.4 the calculations of the interference that occurs in different uplink scenarios are provided.
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Table ZA.4
Scenario Tx Power Rx Rx Ant | Interference Affordable Required Required
losses Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB
T-GSM 810 -28dBm/25kHz 4 10 -22 -125 102 0.24km
MS @400kHz dBm/25KHz dBm/25KHz
interference
on TETRA
BTS
TETRA MS -36 4 10 -30 -116 86 81m
interference dBm/200kHz
on T-GSM 45 4 10 51 -54 @400kHz 105 0.29km
810 BTS

NOTE 1: Required separation distance is calculated by Okumura/Hata urban propagation loss model.
NOTE 2: The power -36dBm of TETRA MS s spurious emission power.

For the scenario T-GSM 810 MSinterfere TETRA BTS, in the above table the worst case is considered. In areal
network, a T-GSM 810 M S transmit power is far below the maximum output power and the required separation
distance is only about several meters. So the interference influence is not significant.

For the scenario TETRA MSinterfere T-GSM 810 BTS, from the above table, the interference is small and can be
tolerable. When aTETRA MSis at adistance of less than 0.29km from a T-GSM 810 BTS, the adjacent interference
can be tolerable. That can be solved by frequency plan solution in areal network deployment. And the probability that
the TETRA M S transmit power is the maximum output power is small. So the interference influence is not significant.

ZA.2.3 T-GSM 810-T-CDMA

ZA.2.3.1 Downlink study

In Table ZA.5 the calculations of the interference that occurs in different downlink scenarios are provided.

Table ZA.5
Scenario Tx Power Tx Tx Ant Interference Affordable Required Required
Losses Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB
T-GSM 810 -3 dBm/1.25MHz 8 10 -1 dBm/1.25MHz -105 104 0.28km
BTS @600-1600kHz dBm/1.25MHz
interference
on T-CDMA
MS
T-CDMA 9.2dBm/200kHz 8 10 11.2dBm/200kHz -113 124.2 1.09km
BTS @750kHz~1.98M dBm/200kHz
interference Hz
on T-GSM
810 MS
NOTE 1: Required separation distance is calculated by Okumura/Hata urban propagation loss model.

NOTE 2: T-GSM 810 BTS power = 60W, feed lossis 8dB, T-CDMA BTS power = 40W.

NOTE 3: The significant source of T-CDMA BTS interference on T-GSM 810 MS s spectrum emission due to
modulation of T-CDMA BTS.

For the scenario T-GSM 810 BTS interfere T-CDMA MS, when aT-CDMA MSisat adistance of 0.28km, the noise of
the T-CDMA MSincreases by 3dB. The signal to interferenceratio is still 10dB. When a T-CDMA MSisat adistance
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of lessthan 0.28km from a T-GSM 810 BTS, the actua interference exist in some area, which can be eliminated by site
engineering solution in areal network plan.

For the scenario T-CDMA BTS interfere T-GSM 810 MS, the interference is not tolerable to some extent.

ZA.2.3.2 Uplink study

In Table ZA.6 the calculations of the interference that occursin different uplink scenarios are provided.

Table ZA.6
Scenario Tx Power Rx Rx Ant | Interference Affordable Required Required
losses | Gain Power Interference | attenuation | separation
for victim distance
system
dBm dB dBi dBm dBm dB

T-GSM 810 33 4 10 39 -74@750kHz 113 0.51km
MS -37@900kHz 76 41m
interference -20dBm/1.25MHz 4 10 -14 -108 94 0.14km
on T-CDMA @600kHz- dBm/1.25MHz | dBm/1.25MHz
BTS 1800kHz
T-CDMA MS | -11dBm/200kHz 4 10 -5 -116 111 300m
interference @750-1980kHz dBm/200kHz
on T-GSM
810 BTS

NOTE 1. Required separation distance is calculated by Okumura/Hata urban propagation loss model.

For the scenario T-GSM 810 MSinterfere T-CDMA BTS, in the above table the worst caseis considered. In area
network, a T-GSM 810 M S transmit power is far below the maximum output power and the required separation
distance is only about several meters. So the interference influence is not significant.

For the scenario T-CDMA MSinterfere T-GSM 810 BTS, when a T-CDMA MSis at a distance of 300m, the noise of
the T-GSM 810 BT S increases by 3dB. The signal to interference ratio is still 18dB. In areal network, power control is
used, the probability that the T-CDMA MS transmit power is equa to the maximum output power is small. So the
interference influence is not significant.

ZA.3 Conclusion

When in China T-GSM 810 system is deployed together with other three systems, the interference influenceis not
significant. Though in some scenarios the requirements for T-GSM 810 and other systems are not sufficient to fulfill the
coexistence, this can be solved by co-ordination using site engineering solutions and appropriate frequency planning in
network deployment, or a guard band can a so be considered.

ZA.4 System parameters

Table ZA.7 provides a partial list of system parameters used in the Annex for T-GSM 810, iDEN™, TETRA and T-
CDMA systems (see references [2], [3] and [4]).
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Table ZA.7 - System parameters

System parameter T-GSM 810 iDEN™ TETRA T-CDMA
BTS transmit power (dBm) 47.8 48 46 46
BTS thermal noise -116dBm/200kHz -125dBm/25kHz -125dBm/25kHz -108dBm/1.25MHz
BTS reference sensitivity -104 -114.5 -115 -124
level (dBm)
BTS antenna Tx gain (dBi) 10 10 10 10
BTS Tx feed loss (dB) 8 8 8 8
BTS Rx feed loss (dB) 4 4 4 4
BTS antenna Rx gain (dBi) 10 10 10 10
BTS antenna height (m) 50 50 50 50
MS transmit power (dBm) 33 35 45 23
MS thermal noise -113dBm/200kHz -122dBm/25kHz -122dBm/25kHz -105dBm/1.25MHz
MS receive signal level in -90 -100 -100 -92

coverage edge (dBm)
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Annex ZB:
Introduction of multicarrier BTS class

ZB.1 Introduction

Multicarrier transceiver architectures applied to GSM BT Sswould allow several GSM carriersto be processed by asingle
transmitter and power amplifier in the downlink and by a single wideband receiver in the uplink.

Given the recent advances in components technology, these architectures seem more and more feasible, however
feasibility is still conditioned by the relaxation of some of the most severe requirements in 3GPP TS 45.005. Those
requirements are the ones related to intermodulation (clause 4.7) and spurious emission (clause 4.3) for the transmitter
part and to blocking characteristics (clause 5.1) for the receiver part.

During the discussionsin 3GPP TSG GERAN, for each of these three specification parameters, away to relax the standard
was proposed and evidence was given why such arelaxation has negligible impact on existing GSM systems. Thisisdue
to the fact that in every case, an inconsistency exists to another GSM specification requirement. Furthermore, scenarios
were presented and investigated in which the equipment features better performance than according to the specifications.
It was shown by means of calculations and simulations that even then, the proposed relaxations have negligible system
impact. It was then agreed that the best way to apply the relaxations is to introduce two multicarrier BTS classes with
different levels of relaxation concerning Tx intermodulation attenuation and spurious emissions. This allows the adoption
of the principle of the relaxation while being able to address special regulatory issues in different geographical areas
separately. In addition, it was found necessary to measure also the spectrum due to modulation and wideband noise of the
transmitter with all carriers active. It was recognized that with this setting, the spectrum due to modul ation and wideband
noi se cannot be distinguished in general from intermodulation products. In order to simplify the measurements, acommon
spectrum mask was defined covering all effects of interference (wideband noise, intermodulation, spurious emissions)
together. When deriving this spectrum mask, it was recognized that in existing BTSs using several single carrier
transmitters, the wideband noise sums up at the antenna. As a consequence, the “cumulated wideband noise” of existing
BTSs was used as one limit of the common spectrum mask.

In this chapter, the investigations done for the introduction of the new multicarrier BTS classes are summarized.

ZB.2 Transmitter

ZB.2.1 Introduction

According to recent advances in components technology, implementation of multicarrier transmitter architectures seems
more and more feasible. However, feasibility and power-efficient usage of hard-ware are still conditioned by the
relaxation of some requirements in 3GPP TS 45.005. The requirements that need considerations are: Spectrum due to
modulation and wideband noise (clause 4.2.1), spurious emission (clause 4.3) and intermodulation (clause 4.7). In
present specification these requirements are specified in different ways, i.e. spurious emissions and Intermodulation are
defined as peak-hold measurements while Spectrum due to modulation and wideband noise is an average measurement.
This difference, which has been known since GSM phase 1, imply an inconsistency between wideband noise
measurement and | M/spurious emission requirements. In the IM and spurious measurements, wideband noise peaks
may exceed IM and spurious emission a though the equipment fulfils the requirements for Spectrum due to modulation
and wideband noise. This difficulty isremoved if average measurements are introduced for all these parameters. In
addition thisisalso in line with the specifications for other 3GPP access technologies. Another reason why a relaxation
of the Intermodul ation Attenuation was seen as reasonable is the fact that not only the BTS transmitter generates
intermodulation products but also the MS receiver: in an uncoordinated scenario, if an MS served by one operator is
very closeto a BTS of another operator, the intermodulation products in the M S receiver might exceed by far the
intermodulation products received from the BTS. But even with equipment over-performing the specificationsand in
case of higher distances between the BTS and the M S, it was shown that the proposed relaxation has negligible system
impact. This can be seenin ZB.2.3.
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ZB.2.2 Proposal for relaxation and change

ZB.2.2.1 Introduction of MCBTS class 1 and class 2

Initialy, for each of the targeted specifications, one way of relaxation was proposed. However, during the discussions
within GERAN, it was found reasonable to introduce not only one Multicarrier BTS class but two. The two classes
differ in the following way:

To make multicarrier transmitter feasible at all and still get reasonable consistency between the intermodulation
requirements for the mobile station and the BT S requirements for intermodulation and spurious emission, the values are
proposed to be kept as today but measured in average mode. These relaxations are defining multicarrier BTS class 1
requirements.

However, the relaxations for multicarrier BTS class 1 do not allow taking best advantage of the power amplifier
technology as power efficiency will suffer from stringent Intermodulation requirements. To achieve improved
efficiency of the equipment, further relaxation of intermodul ation attenuation requirements is needed. The proposed
level of relaxation isto allow closer alignment with the corresponding requirements for other 3GPP access technol ogies.
The proposal isto, in addition to the relaxation for class 1, allow less stringent requirements for third order
intermodulation products, which are the most crucial parameter to consider, and related out-of-band spurious emissions.
These relaxations are defining multicarrier BTS class 2 reguirements.

ZB.2.2.2 Spectrum due to modulation and wideband noise

Present requirement is a single-carrier measurement. To assure same performance in multicarrier operation using
multicarrier BTS as when using single-carrier amplifiers combined in a combiner, additional requirements are needed,
when more than one carrier is active. The proposal isto, for frequency offsets between 1.8 MHz and transmit band
edge, reuse the requirements for single-carrier amplifiers but allow for an increase of wideband noise level of
10*LOG(N) dB, where N isthe number of active carriers. At appropriate third order intermodul ation frequency offsets,
taking spectrum widening into account, the least stringent requirement of this multicarrier wideband noise requirement
and intermodul ation requirement, according to applicable multicarrier class, apply. For other frequency offsets up to the
highest third order intermodul ation frequency + 200 kHz or 6 MHz, whichever is highest, the least stringent
requirement of the multicarrier wideband noise requirement and the requirement for intermodulation according to
multicarrier class 1 apply. For larger offsets the multicarrier wideband noise requirement applies.

To take the relaxed spurious emission requirements into account and potential existence of higher intermodulation
products, a number of exceptions are allowed for frequency offsets higher than 1.8 MHz. The number of exceptions M
is proposed to increase linearly from the single-carrier requirements of 15 bands up to a maximum of 40 bands of 200
kHz, centered on afrequency that is multiple of 200 kHz, according to the formulaM= 15 + 3*(N-1), where N isthe
number of active carriers.

ZB.2.2.3 Spurious emission

The proposal is to introduce average measurements for spurious emission while keeping the requirement value. Asthis
corresponds to a relaxation of the maximum level by approximately 9 dB and, in some scenarios, in the same order of
magnitude as the intermodulation, the number of allowable occurrencesinband and close proximity of transmit band is
limited as described in section ZB 2.2.2.

The out-of-band requirements for class 1 are proposed to be relaxed by changing the measurement method, i.e. -36 dBm
in average detector mode, reusing the same measurement bandwidths as before. In addition to remove the existing steps
in the requirements a slope from 5 MHzto 10 MHz frequency offset.

For class 2 additional relaxations are proposed to align with the intermodul ation regquirements at frequencies where
filtering is not feasible. The proposal isto align with the requirements for UTRA and E-UTRA BS, where appropriate.
The same for principle with a slope for 5-10 MHz offset is used here as well. For offsets> 10 MHz the requirements are
the same for al multicarrier BTS classes.

The proposed requirements for class 1 and 2 are shown in the table below, while reusing the same measurement
bandwidths as for other BTS than multicarrier BTS:

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 309 ETSI TR 145 050 V14.0.0 (2017-04)

Band Frequency Multicarrier BTS Maximum power Comment
offset outside limit
relevant Class 1 Class 2

transmit band

9kHzto | >2MHz -36 dBm -25dBm Aligning with

1GHz intermodulation

requirements
>5MHz -31 -2*(Af - 5) -20-4.2* (Af - 5) Gradually changing to
dBm (Note) dBm (Note) more stringent

requirements up to 10
MHz offset, where
common requirements

apply
> 10 MHz -36 dBm -36 dBm Aligning multicarrier BTS
class1and 2
1GHzto | >2MHz -30 dBm -25dBm Aligning with
12.75 GHz intermodul ation
requirements
>5MHz -25-2*(Af - 5) dBm | -20-3*(Af - 5) dBm | Gradually changing to
(Note) (Note) more stringent

requirements up to 10
MHz offset, where
common requirements
apply

> 10 MHz -30dBm Aligning multicarrier BTS
class1and 2

Note: Af isthe frequency offset outside relevant transmit band in MHz

ZB.2.2.4 BSS Intermodulation attenuation

The proposed requirements are as follows:

For multicarrier BTS class 1, the average value of intermodulation components over atimeslot shall not exceed -70
dBc, -36 dBm or the requirements specified in subclause 4.2.1, whichever is less stringent, for frequency offsets
between 1.8 MHz and the edge of the relevant Tx band. The measurement bandwidth for both the carrier and the
intermodulation productsis 300 kHz for offsets larger than 6 MHz and 100 kHz for offsets between 1.8 and 6 MHz.

For multicarrier BTS class 2, the average value of intermodulation components over atimeslot shall not exceed the
values required for multicarrier BTS class 1 except that at third order intermodulation frequencies and their adjacent
channels (+200 kHz) the total power of the intermodulation components may increase up to -60 dBc . The measurement
conditions regarding frequency offsets and measurement bandwidths are the same as defined for multicarrier BTS class
1.

In addition the intermodulation products, for any output power of the BTS, shall never exceed -16 dBm. Thisis aligned
with requirementsin UTRA and E-UTRA.

ZB.2.3 Simulation results

This clause provides the simulation results of impact due to relaxation of RF requirements for MCBTS.

In the simulation two uncoordinated systems using GSM 900 were assumed to be operating in the same location. The
interfering system was using MCBTS(s) with relaxed or un-relaxed requirement while the victim was using traditional
BTS(s). It was assumed that their operating frequency bands were next to each other with 200 kHz guard band, so that
al therelaxed IM and SE products fall into the victim system band and, the BT Ss of the interfering system were
assumed to be placed at the edge of the victim cells so that the impact would be the worst. These settings correspond to
very severe scenarios but yet relevant for comparing the impact due to the relaxation.
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The simulations were carried out separately by Alcatel-Lucent (scenario 1), ZTE (scenario 2-3) and Ericsson (scenario
4-8). The according settings are listed in Table 1 and Table 2 below.

Table 1: Simulation assumptions (Scenario 1 - 4)

Settings Scenario 1 Scenario 2 Scenario 3 Scenario 4
victim aggressor victim aggressor victim aggressor victim aggressor
Cell radius[m] 4000 4000 600 600 200 600 120 600
Sector/cell 3 3 3 3 3 3 1 3
Freg. reuse 4/12 4/12 3/9 4/12 3/9 4/12 3/9 13
FH Off Off On Off On Off On Off
Pmax [dBm] 40 40 40 40 30 40 24 39
Carrier no. 1 2 4 6 4 6 3 9
MinMS-BTS 30 30 30 30 30 30 5 30
dist. [m]
IP3 of MS 10 dB better than spec. in victim system -5 dBmin victim
system
COST231 | COST231 | COST231 | COST231
Path loss model HATA HATA Wi Wi Wi Wi [2] [3]
Spurious
Emission Off Off Off On Off On Off On
Products [6]
Wideband noise Off Off Off On Off On Off On
Relaxation ) MCBTS MCBTS ) MCBTS ) MCBTS
mode class1 i class 1& 2 class1& 2 class1& 2
Table 2: Simulation assumptions (Scenario 5 - 8)
Settings Scenario 5 Scenario 6 [1] Scenario 7 Scenario 8
victim aggressor victim aggressor victim aggressor victim aggressor
Cd l 120 150 120 600 2000 2000 2000 2000
radius[m]
Sector/cell 1 3 1 3 3 3 3 3
Freq. 3/9 1/3 3/9 3/9 3/9 1/3 412 3/9
reuse
FH On Off On Off On Off Off Off
Pmax
[dBm] 24 31 24 39 39 39 39 39
Carrier 3 9 3 6 3 9 3 9
no.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 311 ETSI TR 145 050 V14.0.0 (2017-04)

MinMS

BTSdist. 5 12.5 12 30 30 30 30 30
[m]

IP3of MS -5dBmin victim system

Pass loss

e [2] [4) [2] [3 [5] [5] [5] [5]
Spurious

Emission Off on Off on Off on Off on
Produces

(6]

Wideband | - on Off on Off on Off on
noise

Relaxation ) MCBTS ) MCBTS ) MCBTS i MCBTS
mode class1& 2 class1& 2 class1& 2 class1& 2

[1] In scenario 6, only one cell in either victim or aggressor system was studied.

[2] ITU-R P.1411-4 chapter 4.3.

[3] Walfish-lkegami / Okumura-Hata (sigma=8), with LOS-model from COST 259.
[4] COST 231 Walfish-lkegami incl. LOS-mode!, described in TS 25.996.

[5] Okumura-Hata (sigma=8), no LOS-model.

[6] The probability for occurrence of spurious emission bands at -36 dBm power level is set to 20*(1+0.05)(n-1)%, where n isthe
number of active carriersin the aggressor system.

Scenario 1. Sparse Macro interfered by Sparse Macro
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Figure 1: CDF vs. SNIR calculated in the macro Figure 2: CDF vs. maximum EGPRS throughput
cell scenario. calculated in the macro cell scenario.
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Figure 8 Throughput degradation CDF of
EGPRS2-A comparing different relaxation levels
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Figure 7 Throughput degradation CDF of
EGPRS comparing different relaxation levels
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Figure 14. C/l degradation CDF comparing
relaxed IM requirement to -60 and -70 dBc.
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Figure 16. EGRPS2-A bitrate degradation CDF
comparing relaxed IM requirement to -60 and -70
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Figure 15. EGRPS bitrate degradation CDF
comparing relaxed IM requirement to -60 and -
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Figure 20. EGRPS2-A bitrate degradation CDF
comparing relaxed IM requirement to -60 and -70

dBc.

Figure 19. EGRPS bitrate degradation CDF
comparing relaxed IM requirement to -60 and -

70 dBc.

Scenario 6: Single street level micro cell interfered by single roof-top macro
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Figure 21. C/l distribution CDF with different BTS IM3 requirements. The sum of all BTS IM3

products is limited.

70

50 60 65
CDF bitrate EGPRS2-A [kbit/s]

45

-7
- -t

-5
[

-+ -

MS IMD + -60 dBc BTS IMD [
MS IMD + -70 dBc BTS IMD |,

i

No IMD
[
1L

1r—-
0.9H
05} —

4ao

60 70 80 90

50
CDF bitrate EGPRS2-A [kbit/s]

Figure 22 EGRPS2-A bitrate distribution CDF with different BTS IM3 requirements. The sum of all

BTS IM3 products is limited.
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C/l degradation [dB]

Figure 24. C/l degradation CDF comparing
relaxed IM requirement to -60 and -70 dBc.
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Figure 26. EGRPS2-A bitrate degradation CDF
comparing relaxed IM requirement to -60 and -70
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Figure 28. C/l degradation CDF comparing
relaxed IM requirement to -60 and -70 dBc.
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ZB.2.4 Impact to GSM-R due to relaxation

During the discussions within GERAN, great care was taken to consider possible system impacts of the relaxations on
GSM-R applicationsin railway networks. Concerning the receiver blocking, a compromise could be found very easily
by not allowing the according relaxation for GSM-R receiver equipment. Concerning the relaxations on the transmitter
side, more investigations had to be done in order to assess the impact of increased interference levels close to railway
lines. Since railway operators were not directly present at the GERAN meetings, discussions were established with a
railway operator in order to clarify the worst case scenario from the railway perspective. This scenario isgivenif aBTS
of a“public’ GSM network transmits close to the handover zone between two GSM-R BTSs along arailway line. If the
interferences caused by the transmitter of the “public’ GSM BTS are exceeding the minimum receive level defined for
GSM-R receiversin trains (between —92 and —98 dBm depending on the type of train), the link between the train and
the GSM-R network might be lost. For security reasons, the train then has to be braked thus leading to unacceptable
delaysin the railway operation. During the discussions with the railway operator, it was recognized that such situations
could occur in principle in uncoordinated scenarios. It was also recognized that a whole number of counter measures
can be applied to protect the GSM-R system from such impacts. Such measures could be e.g.

e Frequency coordination between the “public” GSM and the GSM-R network.

e  Minimum distance between the “public” BTS and the closest railway line.

e Usage of duplex filters within the “public” BTS with sufficient attenuation in the GSM-R frequency band.
e  Suited setting of output power and antenna directivity in the “public” BTS.

It was agreed that the according measures have to be specified in detail as “regulatory restrictions’ for the usage of
MCBTS during the regulatory process after the GERAN approval of the relaxations.

ZB.3 Receiver

ZB.3.1 Proposal for the relaxation

Initialy, it was proposed to relax the blocking reguirements of the BTS receiver by aligning them to those of DCS 1800.
During the discussions, it was found that on the GSM-R field, there are some differences to GSM networks used for
public communication: there are still high power MSs in use and the antenna patterns differ concerning the directivity
and the location. As a consequence, it was agreed to split the blocking requirements in the way that those of GSM-R
application are unchanged and only those of “public’ GSM networks are relaxed by aligning to the values defined for
DCS 1800. Later on it was discussed how to deal with receive levels exceeding the relaxed blocking values. Such high
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levels occur with arather small probability but due to complete blocking of the BTS receiver, they can lead to an amount
of drop calls that is not acceptable within GSM networks. Several possibilities cover such rare cases were discussed.
Finally, it was agreed that the best way to solve this problem is to introduce a second higher blocking level at which the
sensitivity may degrade compared to the sensitivity that must be ensured in the “normal” blocking case.

ZB.3.2 Treatment of receive levels exceeding the new blocking
limit
Collected path loss data from live networks shows that in dense city areas input signal level will occur above the

proposed blocking requirement. However, the probability islow in most cells but there exist cells with significant
probability of higher input signal. Thisis probably due to difficulties to locate base station in other location.

If the receiver was designed to process signals just up to thislevel, it could be completely blocked by higher signal
levels. Thisis dueto the fact that the AD converters have afixed limit of their dynamic range.

Several possibilities were considered to deal with or avoid such situations:
e Defineasecond higher blocking level (e.g. 3 dB higher) where larger desensitization could be allowed.
o Definearequirement on duration and levels of “blind” periods.
e Increase the proposed blocking level to be 2-3 dB higher.

It was found that the first proposal delivers the most suitable solution which fits best to the situation in the field: It
leaves the value of —25 dBm as target value for the relaxation at which the full “blocking sensitivity” of —101 dBm
(original sensitivity of —104 dBm, desensitized in the blocking case by 3 dB) hasto be achieved. On the other side, it
covers the rare cases where very high blocking signals occur at the receiver. Asit was shown above, in such cases the
receiver suffers also from avery high wideband noise level caused by the transmitters of mobileslocated close to the
BTS in the uncoordinated scenario. This noise level anyway |leads to a significant desensitization of the BT S receiver.
That means that a certain desensitization defined in the standard could not be “seen” by the GSM system. It was then
proposed to introduce a second higher blocking level with degraded sensitivity.

ZB.3.2.1 Simulation results

Both interfering system and victim system are modeled to investigate the impact due to blocking requirement relaxation
in near-far problem scenario. Four different cases were simulated in the victim network:

e MO: The current requirement where receiver is blocked for Blocking Signal Strength (BSS) > -13 dBm.
e M1: Receiver blocked at BSS > -25 dBm.
e M2: Receiver blocked at BSS > -20 dBm.
-25 < BSS <= -20 dBm: sensitivity additionally reduced by 5 dB
e Ma3: Receiver blocked at signals > -15 dBm.
-25 < BSS <= -20 dBm: sensitivity additionally reduced by 5 dB
-20 < BSS <= -15 dBm: sensitivity additionally reduced by 10 dB

In al casesthe receiver is blocked for al frequencies when the disturbing signal strength exceeds the highest blocking
level limit.

BTS blocking impact on dropped calls

In these simulations the stored disturbance matrixs were applied to all received bursts in the victim network. The drop
call evaluation was implemented by adding the disturbance to the SACCH signalling. The following network
parameters were used in the simulation of the victim network:
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Ericsson ZTE
Victim Interfering Victim Interfering
System System System System
Cell radius 1400 m 600 m 600 m 600 m
Sector per cell: 3 3 3 3
No cells 48 48 27 27
No frequency 27 27 48 48, 72
Freq reuse 3/9 3/9 4/12 4/12
DTX off off Off Off
Max MS power 33 dBm 33 dBm 33 dBm 33 dBm
Number of mobiles 20 5, 10, 20 20 20, 40
per cell
Pass loss model HATA Cost231- Cost231- Cost231-
Walfish-lkegami Walfish-lkegami Walfish-lkegami
Average call length 40s no limit no limit no limit
Minimum MS-BTS 20m 20m 20m 20m
distance
MCL 52dB 52 dB 59dB 59dB

Disturbing bursts with signal strength higher than 1 dB above the highest blocking level limit are assumed to result in
high BER. First areference simulation with the existing blocking requirement (M0) was performed. The increased
dropped call rates with different number of interfering system M S for the new blocking requirement alternatives (M1-
M3) are compared to the reference simulation and shown in the figure below:

4. 00%
3. 50%
—&— 5)MS/cell (Ericsson)
3. 00%
- —=— 1OMS/cell (Ericsson)
2. 50%
\ 20MS/cell (Ericsson)
2. 00%
' \ 20MS/cell (ZTE)
1. 50%
" \\ —— 40MS/cel1 (ZTE)
1. 00%
0. 50%
0. 00%
M1 M2 M3

Figure ZB.1. - Increased dropped call rates under different Blocking requirement modes

EGPRS performance with IR from Ericsson

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 320 ETSI TR 145 050 V14.0.0 (2017-04)
The performance impact on EGPRS was simulated using alink simulator with the disturbance matrix applied from
simulation of received levels. The simulation assumptions used:

Frequency band: 900 MHz

TU3iFH propagation condition

MRC-receiver with typical impairments

20000 radio blocks per simulated point in the graphs

No correlation between retransmissions during the Incremental Redundancy process was assumed. The achieved link
results for MCS-9 and the different specification aternatives, M1 to M3, are shown below.

Blocking model M1, MCS-9, IR, TU3iFH Blocking model M2, MCS-9, IR, TU3IFH

Throughput [kbps]
Throughput [kbps]

m i —
EN, (48] 5 10 20 2%

15
E,/N, [dB]

MCS-9 throughput with incremental MCS-9 throughput with incremental
redundancy, alternative M1 redundancy, alternative M2.

Blocking model M3, MCS-9, IR, TU3iFH
60

Throughput [kbps]
w & & @

& &8 & 3

T T

@
8
T

25

15 20 25
EJN, [dB]

MCS-9 throughput with incremental
redundancy, alternative M3.

ZB.3.2.2 Conclusion

Simulations show that if the performance or behaviour is not defined for levels above -25 dBm, the impact may be
significant due to the character of wideband receiversto block all frequencies for each blocked burst.

By adding dightly relaxed requirements at higher disturbing signal strength, the impact from the limitation of receiver
dynamic range can be significantly reduced.
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ZB.3.2.3 Discussion

It is shown that RX blocking levels of up to -15 dBm can still occur in live networks taking into account macro and
micro cell deployment in urban areas and that higher call drop rates and losses of data throughput can be observed if the
receiver isblind for levels above -22 dBm. Also comparing the current requirementsin 45.005 on RX blocking level
between DCS 1800 and GSM 900, we observe a system gain difference of 9 dB, which is composed of a 3 dB higher
maximum transmit power (33 dBm for GSM 900, 30 dBm for DCS 1800) and a 6 dB better propagation in case of free
space propagation. Taking the current RX blocking level requirement of -25 dBm for DCS 1800 as areference, the BTS
receiver for GSM 900 should be designed to cope with blocking levels of up to -16 dBm, 9dB above -25 dBm. Thusit is
proposed to add a second blocking level requirement at -16 dBm and to accept a degradation of the sensitivity
performance of 9 dB, leading to a sensitivity performance of -92 dBm in case of a severe blocker.
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Annex ZC:
Introduction of Medium Range and Local Area multicarrier
BTS classes

ZC.1 Introduction

With the introduction of the MSR Medium Range (MR) and Local Area (LA) base station classes [1], corresponding
MCBTS classes were also introduced to enable GSM capability sets for MSR Band Category 2. To minimize
specification impact and ensure requirement alignment it was decided to use the existing macro multicarrier BTS class
(thereisonly one class from TS 45.005 v8.11.0 and onwards) as a baseline and adapt the requirements toward shorter
distances between M S and base stations and also lower BTS output powers. The multicarrier BT S class existing before
the introduction of the MR and LA classes was renamed Wide Area (WA) to distinguish the three classes, and align
with nomenclature used in MSR.

To create sets of MSR compatible parameters it was decided to base MR and LA MCBTS on the micro and pico
scenarios used in the development of the new M SR BS classes [2], which implies a Minimum Coupling Loss (MCL) of
53 dB and 45 dB, respectively, for al bands. The smallest MCL that the WA MCBTS is compatible with is the
GSM900 small cell scenario that hasan MCL of 59 dB.

The approach used for the specification of MR and LA requirements was to shift the already specified WA MCBTS
requirements by respective MCL difference, i.e. 59-53=6 dB for MR and 59-45=14 dB, for LA, Thiswould imply the
new classes would have the same performance requirements, RF protection and co-existence characteristics as the WA
MCBTS class However, this approach was not always followed and in those cases further justification can be found
under applicable paragraphs below.

ZC.2 Transmitter

To align with the MR and LA MSR BS[1], the new classes were specified with a maximum output power of 38 dBm
and 24 dBm, respectively. But to avoid multicarrier margins when deriving M S blocking and BTS co-location blocking
it was decided to specify these power levels as the total output power per antenna port.

Limits on spectrum due to the modulation and wideband noise was tightened by 6 dB and 14 dB for MR and LA,
respectively, compared to WA, to maintain the same interference levels into adjacent systems. This was fulfilled by
adopting the WA MCBTS noise mask together with the new output power definition and reducing the absol ute limits by
6dB and 14 dB for the two classes, respectively.

The out-of-band spurious emission limitsin the offsets from 2 MHz and 5 MHz were based on transmitter
intermodulation for the highest output power level together with regulatory limits for offsets outside 10 MHz. A
connection slope was used from 5 MHz to 10 MHz, as was done for WA MCBTS. The out-of-band spurious emission
limitsin the receive band was relaxed corresponding to the reduction of reference sensitivity, giving requirements of -
92 dBmand -84 dBm for MR and LA, respectively (see sub-clause ZC.3 for futher background) . However, the MR
requirement was further adjusted by 1 dB to -91 dBm to aign with the MSR BS

For intra BT S intermodulation, the WA MCBTS requirements were adopted also for MR and LA MCBTS, with the
addition that the lower limit for IM emission was reduced to -46 dBm for carrier output powers below 24 dBm.

ZC.3 Receiver

The differencein MCL compared to the WA class was used to derive the new reference sensitivity levels, giving a
desensitization of 6 dB and 14 dB for the MR and LA classes, respectively. The same reference interference
reguirements as WA MCBTS were reused, but for the LA class the propagation condition was limited to T15, aswas
done for pico-BTS. Since VAMOS performance was found to be affected to a larger extent than non-VAMOS
performance for the TI5 propagation, an additional margin of 2 dB was introduced for TI15 and VAMOS channels,
resulting in a5 dB and 6 dB additional marginsto the TU50 requirements for Reference sensitivity and Reference
interference respectively.
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Based on the maxium M S output power (33 dBm) and the MCL for respective class, 5 dB and 13 dB higher blocking
levels than the WA class was introduced for al bands. Further, it was considered sufficient in GSM900 to only keep
two blocker levelsinstead of three. The degradation at the higher of two blocking levels was set to be 8 dB and 12 dB,
for the MR and LA classes, respectively. AM suppression was scaled in the same way as for inband blocking, with
requirements 5 dB and 13 dB stricter than WA MCBTS, for LA and MR, respectively.

The general out-of-band blocking requirement for WA MCBTS was reused also for MR and LA. The co-location
requirement was based on the maximum output power of 38 dBm and 24 dBm attenuated by 30 dB, giving +8 dBm and
-6 dBm for MR and LA, respectively.

Since the reference sensitivity level wasincreased, the interference levels for intermodul ation were increased to not
relax the requirement on receiver linearity. A third-order (3:1) relation between intermodulation noise and interferer
level was assumed. For MR, this correspondsto a6/ 3 = 2dB increase in interferer level compared to WA MCBTS and
for LA, 14/ 3= 5dB.

For Nominal Error Rates, the low signal level was raised corresponding to the desensitization. The high level input
requirement at 10 BER is related to the highest expected input level not under power control, that for the WA MCBTS
900 this level was specified with a8 dB margin (33 dBm -59 dB - (-18 dBm)), but for the new classes it was considered
sufficient to have a margin of 6 dB (4 carriers) for MR and 3 dB (2 carriers) for LA. So instead of increasing these
levels by the MCL difference, an increase of 4 dB ((59-53) — (8-6)) and 9 dB ((59-45) — (8-3)) was seen as sufficient.
The same increase was used for the requirements for random access and paging performance. The -40 dBm levels refer
to signals under power control and were not changed with the introduction of the new classes.

ZC.4 References

[1] 3GPP TS 37.104: “Multi-Standard Radio (M SR) Base Station (BS) radio transmission and
reception”
[2] 3GPP TR 25.951: “FDD Base Station (BS) classification”
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Annex ZD:
ER-GSM band introduction

ZD.1 Introduction

In Europe within the CEPT area it was decided in June 2009 to allow the use of the band 870-876/915-921 MHz, which
is planned for applications within the land mobile servic based on national possibilities and national market, see [2].

In[2] it is decided that the frequency requirements for Wide Band Digital Land Mobile PMR/PAMR systems referred
to in the Annex to this Decision shall be met within the bands 870-876 MHz paired with 915-921 MHz with 45 MHz
duplex spacing between the transmit frequencies of mobile stations (870-876 MHZz) and the transmit frequencies of
bases stations (915-921 MHz), GSM-R within the bands 873-876 MHz / 918-921 MHz is considered as a subset of
PMR/PAMR.

In countries where [2] isimplemented 3 MHz additional RF bandwidth is available for European Railway usein ER-
GSM band, provided that those frequencies are granted by the National regulator. With this introduction, the guard band
between UL and DL isreduced to 3 MHz.

Thisannex aims at capturing the co-existence studies that were produced at 3GPP TSG GERAN level and related inputs
given by 3GPP TSG RAN4 on the requirements of UTRA and E-UTRA systems deployed in E-GSM band.

ZD.2 Generalities on Working assumption and
methodology

ZD.2.1 Evaluation on impacted requirements

Use of GSM systemsin ER-GSM band may impact the performance of systems already deployed in band V111, such as
Public GSM systems (legacy BTS or MCBTS), UTRA BS or E-UTRA BS.

Those systems can be impacted by:
e Mainemissionsin DL band that could result in blocking of installed systems.
e Tx spuriousemissionsin UL/DL guard band and in E-GSM UL band

NOTE: Co-existence study in [3] concluded that spurious emissions from ER-GSM equipments have no impact
on systems aready deployed in the field. Therefore, this topic is not developed in this annex.

Evaluation of these elements can be made by evaluating RF level of aggressor systems at system input of victim system.
This can be done with the general equation below:

Pin = Tx power — Rejection — | solation where
e Pin=RF power level at victim system input; Rejection = Rx filter rejection of victim receiver
NOTE: In some situation, rejection is not to be considered
e |solation = isolation between aggressor and victim system.
In the next chapters, Isolation and Rejection will be evaluated for all relevant scenarios.

Currently [4] defines arequirement on the level of Tx spurious emissionsin BTS receive band as -89 dBm/100 kHz for
aR-GSM BTS (c.f. Table 4.3-4). It has been approved within TSG GERAN that thislevel can be kept unchanged for a
ER-GSM BTS since the introduction of this new band results in same scenario as for R-GSM band.
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ZD.2.2 Assumptions

ZD.2.2.1 RF performances

RF performances assumed for the impacted systems have been agreed during the study on ER-GSM introduction for
evaluationsin 3GPP TSG GERAN and by liaisoning with 3GPP RAN4. Open issuesin this regard were raised to 3GPP
RAN4 to their specifications [6] and [7]. In [8] 3GPP RAN4 provided feedback on UTRA and E-UTRA RF
performances to be assumed for the evaluation of the impact on UTRA and E-UTRA systemsin the E-GSM band.

The assumptions on RF performances for the impacted systems (victim systems) are summarized below:
Nominal Sensitivity
e GSM BTSnomina sensitivity: -110 dBm

NOTE: Reference sensitivity for GSM BTS systemsis specified at -104 dBm. However, state of the art BTS have
significantly better sensitivity than specified. Therefore, thisis considered in the feasibility study

e UTRA BSnominal sensitivity: -121 dBm
e E-UTRA BSnominal sensitivity: -101.5 dBm

NOTE: Nominal sensitivity for UTRA and E-UTRA BS are aligned to specifications [6] and [7] as outlined by
TSG RAN4in[8].

Acceptable desensitization
o Acceptable desensitization of victim system: 0.8 dB

NOTE: While specified desensitization criteriafor blocking and intermodulation interferers are 3 dB for GSM
BTSand 6 dB for UTRA and E-UTRA BS, feasihility study on ER-GSM introduction considered
desensitization of impacted systems of 0.8 dB. Thisis because emissions of ER-GSM BTSin the DL
band 918-921 MHz are likely to be more continuous. The 0.8 dB desensitization criteria was found
acceptable by TSG RAN4[8].

Minimum Coupling L oss

e Minimum coupling loss between ER-GSM BTS and victim base station receiver for uncoordinated
deployment scenario: 67 dB.

NOTE: Thisfigureisbased on the assumed minimum coupling loss between base stations [5].
Blocking performance

o Blocking performance for a GSM victim BTSis derived based on GERAN specification [4] for an inband
blocker with an offset larger than 3 MHz as outlined in section ZD.2.2.3.

e For blocking performance of UTRA and E-UTRA BSin the ER-GSM band feedback was received in [8] that
the assumed performance should be as specified in [6] and [7] meaning that the inband blocking requirement
in the band 880-915 MHz is also applicable for the blocker at lowermost ER-GSM carrier frequency at 918.2
MHz and that there is no specific requirement in RAN4 specifications for a blocker at uppermost ER-GSM
carrier frequency at 921.0 MHz. Further information on the derived performance at 918.2 MHz is provided in
section ZD.2.2.3.

ZD.2.2.2 Blocker rejection by victim public base station

Receiver from victim system could be partly protected by rejection of diplexer or Rx filter.

It was however agreed in TSG GERAN that public BSs exist where thereis no rejection at lowermost ER-GSM carrier
frequency at 918.2 MHz (taking into account frequency drift and ensure aflat insertion loss over the frequenciesin the
pass band). In addition O dB rejection at 918.2 MHz corresponds to assumptions for victim UTRA and E-UTRA BSin
3GPP RANA4[8]. Hence this worst case scenario has been considered for the evaluation in the present annex in order to
determine the maximum ER-GSM output power per carrier in case of uncoordinated and coordinated networks. For the
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transition region between 918.2-921.0 MHz a linear slope was agreed. The blocking rejection model for the victim
receiver is depicted below in Figure 1.

RX Guard band
and freq shift
Freq shift

Rejection
—>

0dB

Rejection @ 918 MHz

\ Linear
~,_slope
N

Rejection @ 921 MHz \

915 918 921 925 MHz

Rejection @ 925 MHz

Figure 1: Blocker rejection model over UL/DL guard band assumed for victim base station (E-GSM,
UTRA, E-UTRA BS).

Based on feedback received from several network manufacturers, the two parameters of the blocker rejection model for
the victim base station were defined in TSG GERAN:

e Thereisno protection for the lowest ER-GSM carrier frequency at 918.2 MHz, hence the cut-of .frequency
for the slopeisat 918.2 MHz.

o The dope coefficient of the linear slope in the frequency range between 918.2 and 921.0 MHz is 6 dB/MHz
for GSM BTS victim system.

o The dope coefficient of the linear slope in the frequency range between 918.2 and 921.0 MHz is 11 dB/MHz
for UTRA BS or E-UTRA BS victim system.

ZD.2.2.3 Blocking and Intermodulation reminders

In case of impact of ER-GSM BTSto GSM BTS victim station, a blocker level of -13 dBm was assumed for single
carrier legacy BTS and a blocker level of -25 dBm for MCBTS according to inband blocking specification for a blocker
with alarger offset than 3 MHz specified in [4].

In case of impact of ER-GSM BTS to UTRA/E-UTRA BS victim station, from the investigation carried out in 3GPP
RAN4 [8], arequired isolation between GSM BTS and UTRA/E-UTRA BS systems of 104 dB / 106 dB for an

assumed output power of 45 dBm per GSM carrier for ER-GSM BTS is determined. Thisinvestigation is based on
different assumed modulations for the narrowband blocker level: whilst UTRA narrow blocking specification [6] is
based on -47 dBm for a GM SK modulated blocker, E-UTRA narrow blocking specification [7] is based on -49 dBm for
an E-UTRAN UE blocker carrying 1 Resource Block having a higher PAPR than the GMSK signal. Thus it was agreed
to align the UTRA and E-UTRA blocking requirements for the present study by reusing the blocker level defined for
UTRA (-47 dBm) for the E-UTRA analysis. Application of intermodulation requirements was not considered further,
since these correspond to inband interferers with same interferer power, whilst in the present scenario victim receiver
filter attenuation on two carriers from the ER-GSM BTS is assumed to be different.

ZD.2.2.4 Desensitization computing method

In order to simplify the computations a method has been elaborated to evaluate requested protection level for agiven
desensitization (0.8 dB) from applicable specifications. Specified desensitization criteriaare 3 dB for GSM and 6 dB for
UTRA and E-UTRA.

In order to simplify the computations a general desensitization computation is developed to quickly estimate acceptable

interferer. Starting from desensitization as specified by a standard for a given interferer level, the goal isto evaluate
what interferer level can be accepted for a given desensitization.
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Comparing noise in a given bandwidth:

Thermal noise floor: KTB
After amplification with noise figure N: NKTB (equivalent at Rx input)
Desensitization by X, noise floor becomes: X NKTB
Added noise = (X-1) NKTB
Desensitization by Y, noise floor becomes: Y NKTB
Added noise= (Y-1) NKTB
Ratio: (NKTB (X-1) / NKTB (Y-1))
X-1)/(Y-1)

Ratio in dB isthe interferer power level reduction requested to get Y dB desensitization when a system is specified
for XdB desensitization with a given interferer power level

For example with GSM (normal BTS):

Specified blocker for -101 dBm sensitivity is-13 dBm (over 3 MHz offset)
Nominal sensitivity = -110 dBm,
therefore desensitization is 9 dB with blocker as specified by 3GPP 45.005
Acceptable desensitization in normal operation = 0.8 dB
Delta (dB) = 15.4 dB.
Acceptable blocker for aBTSwith -110 dBm nominal sensitivity is:
-13dBm—15.4dB = -28.4 dBm (for 0.8 dB desensitization)

ZD.2.2.5 Coordinated and uncoordinated deployment

At CEPT coordination between public and railway operators is recommended to alleviate interference cases reported by
some railway operators (see [9]). This recommendation would be applicable to ER-GSM deployment as well.
Considering this possibility, requirements on RF parameters in coordinated case could be adjusted, in particular for the
Minimum Coupling Loss to be used.

ZD.2.2.6 Exception to blocking requirement for ER-GSM mobiles

Because of the reduction of the guard band between RX and TX band to 3MHz it was assumed that some relaxation
related to out-of-band blocking performance for interferersin the upper 3 MHz range of the E-GSM UL band is needed
for implementation reasons. A relaxed value for the blocking requirement (see Table 5.1-2b Exceptions to Blocking
requirements of [4]) is therefore considered: -12 dBm instead of -7 dBm (R-GSM small MS) and -5 dBm (R-GSM MS),
respectively.

ZD.3 Victim receiver performance for lowest frequency
offset of ER-GSM interferer

In this section the assumed receiver performance for the victim base station (E-GSM, UTRA, E-UTRA) is derived from
existing blocking performance requirements in 3GPP specifications ([4],[6],[7]) and based on the assumptionsin
section ZD.2. The performance is applicable for the lowest frequency offset of the ER-GSM carrier from the EGSM UL
band, i.e. at 918.2 MHz, where no receiver filter attenuation is assumed, see clause ZD 2.2.2. The case of co-existence
between public and railway GSM systemsis considered only.

ZD.3.1 GSM BTS as victim receiver

Inthis section GSM BTS of apublic GSM system is considered as victim receiver and the maximum interferer level of
the DL carrier frequency of the ER-GSM base station at the victim receiver antenna port is determined for the lowest
frequency offset (918.2 MHz). In-Band blocking is defined up to bottom of DL band (925 MHz) according to
applicable standards, therefore, enough isolation shall be met so that base station are not blocking each others.
Desentisitization from standard is converted to acceptable desensitization using the desensitization computing method.
The analysisis performed for blocking.
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Table 1 presents these evaluations for GSM legacy BTS and GSM MCBTS as victim receiver for nominal performance
level.

Table 1: Maximum ER-GSM blocker leval at victim base station (GSM BTS).

One BCCH at full power, fixed frequency at

lower Tx channel edge
Accepted desensitization SCBTS MCBTS
0.8 dB Nominal Nominal
Sensitivity with blocker -101.0 dBm -101.0 dBm
Nominal sensitivity -110.0 dBm -110.0 dBm
Desensitization 9.0dB 9.0dB
Accepted desensitization | 0.8 dB 0.8dB
Delta 15.4 dB 15.4 dB
Blocker level -13.0 dBm -25.0 dB
Corrected blocker level -28.4 dBm -40.4 dBm

From this evaluation the maximum allowed blocker level at victim receiver antenna connector of -28.4 dBm resultsin
case of GSM legacy BTS and of -40.4 dBmin case of GSM MCBTS as victim receiver.

ZD.3.2 UTRA/E-UTRA BS as victim receiver

In this section UTRA or E-UTRA BS, respectively, of apublic GSM system is considered as victim receiver and the
maximum interferer level of the DL carrier frequency of the ER-GSM base station at the victim receiver antenna port is
determined for the lowest frequency offset (918.2 MHZz). In-Band blocking is defined up to bottom of DL band (925
MHZz) according to applicable standards, therefore, enough isolation shall be met so that base station are not blocking
each others. Desentisitization from standard is converted to acceptable desensitization using the desensitization
computing method. The analysisisis performed for blocking.

Table 2 presents the evaluation for UTRA BS as victim receiver for the nominal performance level.

Table 2: Maximum ER-GSM blocker leval at victim base station (UTRA BS).

One BCCH at full power, fixed
frequency at lower Tx channel
edge

Accepted desensitization | UTRA BS

0.8 dB Nominal

Sensitivity with blocker -110.0dBm

Nominal sensitivity -121.0 dBm

Desensitization 6.0 dB

Accepted desensitization | 0.8 dB

Delta 11.7dB

Blocker level -47.0 dBm

Corrected blocker level -58.7 dBm

From this evaluation the maximum allowed blocker level at victim receiver antenna connector of -58.7 dBm resultsin
case of UTRA BS asvictim receiver. According to the consideration in clause 2.2.3 the maximum ER-GSM blocker
level for UTRA BSisalso assumed for E-UTRA BS.

ZD.4 Victim receiver performance in the ER-GSM
frequency range

In this section the assumed receiver performance for the victim base station (E-GSM, UTRA, E-UTRA) is derived from
the receiver blocker rejection model in the frequency range 918.2 to 921.0 MHz for victim base station depicted in
clause ZD.2.2.2 as well as from the determination of the maximum allowed blocker level at lowest frequency offset of
the ER-GSM interferer, i.e. at 918.2 MHz, depicted in table 1 in clause ZD.3 for GSM victim base station and in table 2
for UTRA/E-UTRA base station, respectively for the case of co-existence between public and railway GSM systems.
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ZD.4.1 GSM BTS as victim receiver

In the ER-GSM frequency range 918 to 921 MHz victim receiver has got additional protection according to the blocker
rejection model in clause ZD 2.2.2. Hence the maximum blocker level at victim GSM base station as depicted in clause
ZD 3.1 for ablocker at 918.2 MHz can be increased by the additional rejection provided for the ER-GSM carrier
frequency under investigation.

Thus the ER-GSM blocker level Pin,max at the victim BTS receiver should be at most:
e Pinmax =-28.4 dBm + (f-918.2)*6 dB in case of coexistence with legacy GSM BTS
e Pin,max = -40.4 dBm + (f-918.2)*6 dB in case of coexistence with GSM MCBTS

The calculation rule related to MCBTS as victim requiring a higher receiver protection is selected for coexistence with
public GSM systems.

It has been agreed in 3GPP TSG GERAN to specify for unccordinated operation between public mobile and GSM
railway networks the maximum output power level at the agreessor side (ER-GSM) rather than the maximum allowed
interferer level at victim BS receiver side.

Taking into account the assumed MCL=67 dB for uncoordinated network operation, see clause ZD.2.2.1, the maximum
output power Pout,max of the ER-GSM BTS per GSM carrier for uncoordinated networks with GSM BTS asvictim
receiver will be:

e Pout,max = -40.4 dBm + 67 dB + (f-918.2)*6 dB = 26.6 dBm + (f-918.2)*6 dB

with f being the DL frequency between 918.2 ... 921.0 MHz.

ZD.4.2 UTRA/E-UTRA BS as victim receiver

Asfor GSM victim BTS, victim UTRA/E-UTRA BSreceiver in the ER-GSM frequency range 918 to 921 MHz has got
additional protection according to the blocker rejection model in clause ZD 2.2.2. Hence the maximum blocker level at
victim UTRA/E-UTRA base station as depicted in clause ZD 3.2 for ablocker at 918.2 MHz can be increased by the
additional rejection provided for the ER-GSM carrier frequency under investigation.

Thus the ER-GSM blocker level Pin,max at the victim BS receiver should be at most:
e Pin,max = -58.7 dBm + (f-918.2)*11 dB in case of coexistence with UTRA or E-UTRA BS

It has been agreed in 3GPP TSG GERAN to specify for unccordinated operation between public mobile and GSM
railway networks the maximum output power level at the agreessor side (ER-GSM) rather than the maximum allowed
interferer level at victim BS receiver side.

Taking into account the assumed MCL=67 dB for uncoordinated network operation, see clause ZD.2.2.1, the maximum
output power Pout,max of the ER-GSM BTS per GSM carrier for uncoordinated networks with GSM BTS asvictim
receiver will be:

e Pout,max = -58.7 dBm + 67 dB + (f-918.2)*11 dB = 8.3 dBm + (f-918.2)*11 dB

with f being the DL frequency between 918.2 ... 921.0 MHz.

ZD.5 Specified requirement based on co-existence
analysis

From the evaluations in the present annex, it appears some specific RF requirements are needed to ensure co-existence
of ER-GSM and other 3GPP systems deployed in E-GSM band. In particular the BT S transmitter maximum rated
output power per carrier shall be subject to regulatory coordination to avoid uncoordinated system impacts based on the
case of uncoordinated or coordinated deployment in the same geographical area with other systemsin the E-GSM band
as given in the present annex.
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ZD.5.1 Uncoordinated deployment

In case of uncoordinated deployment with other systemsin the E-GSM band, in order to prevent blocking, the BTS
transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, in the frequency
range 918-921 MHz shall be at most:

e -40.4dBm+ MCL + (f-918.2)*6 dB in case of coexistence with GSM BTS
e -587dBm+ MCL + (f-918.2)*11 dB in case of coexistence with UTRA and E-UTRA BS
wheref = DL freguency in MHz, 918.2 <f <921.0 and MCL=67dB.

NOTE: While specified desensitization criteriafor blocking and intermodulation interferers are 3 dB for GSM
BTSand 6 dB for UTRA and E-UTRA BS, feasibility study on ER-GSM introduction considered
desensitization of impacted systems of 0.8 dB. Thisis because emissions of ER-GSM BTSin the DL
band 918-921 MHz are likely to be more continuous.

ZD.5.2 Coordinated deployment

In case of uncoordinated deployment with other systemsin the E-GSM band, MCL higher than 67 dB can be taken into
account to alow higher output power from an ER-GSM BTS transmitting in 918-921 MHz.
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Annex ZE:
Extended TSC Sets

This Annex contains a collection of documents related to Extended TSC Sets.

ZE.1 Extended TSC Sets Design

3GPP TSG GERAN WGL1 #63

GP-140646 (with corrected GMSK set 3 sequence 7)
Ljubljana, Slovenia, Agendaitem 7.2.6.2

26 - 29 August 2014

Source: Ericsson

Title: Training Sequence Design for NewToN

ZE.1.1 Introduction

In this Subclause, a Training Sequence Code (TSC) set for NewToN is proposed.
In Subclause ZE.1.2, a method for designing training sequences is described.
In Subclause ZE.1.3, the proposed TSC set from Ericsson is presented.

ZE.1.2 Training Sequence Design

The training sequence set candidate presented in this contribution has been found using the search based method
described in this section.

Consider candidate training sequences, S(N) , of length N
#0,n=0,.,N-1
n)= 1
s { 0, otherwise 0

and already decided training sequences, i.e. legacy training sequences and possibly already decided NewToN
sequences, X(N), of length N

#0,n=0,..,N-1
x(n) = : : @)
0, otherwise

Let S'(N) and X'(N) denote the rotated sequences. The S(N) :s are rotated according to desired modulation and the

X(n) :sare rotated according to the modulation the sequence is defined for. Legacy sequences are rotated for all

modulations, i.e. 16 GMSK + 8 8PSK + 8 16QAM + 8 32QAM = 40 rotated sequences. Also the GMSK dummy burst
and possibly aready decided NewToN sequences are rotated according to the modulation used.

ZE.1.2.1 Initial Search

Let D(S) denote cross correlation,
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d(s) = kem?x K)( i S(n)x*(n- k)] , (©)

{ ..... =
Xe X

where

K isa suitable maximum considered lag

X isasuitable subset of al known X'(Nn)

(.)" denotes complex conjugate

An exhaustive search through all possible training sequences was performed and N, alarge number, sequences with the
lowest D(S), were selected using a suitably small value for K .

Also, any candidate sequence not fulfilling the following three requirements where disqualified from the search.

e Autocorrelation, A(S), |I’S(lx and |I’s(2)1 must be small.

A9=S M. k=Y smsn-K. @

e Possible Least Squares (LS) regression matrices must have alow matrix condition value (the ratio between
maximum and minimum singular value).

s(L-1) s(L-2) --- s(0)
C(s) = ] r{r;aﬁo}{cond (s" S)}, S= S(:L) s(t=1) (5)
SN-D) - - s(N-L)

where L isthe channel length used in LS. A high condition value is associated with high energy leakage
from an interfering signal according to the maximum channel estimation error defined in Subclause
ZE.1.2.2.2.

e Thecrosscorrelation D(S) against al known sequences must not be high for large K .Inthiscase X is

the set of all known rotated sequences, including the dummy burst and possibly already decided NewToN
sequences.

ZE.1.2.2 Building the Cost Function

ZE.1.2.2.1 Auto Correlation Cost

A maximized and normalized SNR-degradation, W(s), was calculated for each of the N, best sequences. The normalized
SNR-degradation, ¥(s,L). The maximization and normalization is done with respect to the channel length, L.

¥(s)=, r{1;|a>§0}{\1’(s, L)}, ¥(sL)=10log, (1+ NeLa gy {[SH S}l})

€

s(L-1) s(L-2) --- s(0)
o s@) s(L-1) ) ; : ©)
S(N—l) S(N—L)
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wheretr{.} denotes the trace operator and (.)" denotes complex conjugate transpose. L in the denominator of the scale
factor compensates for the L additions done by the trace operator. N — L + 1 in the nominator of the scale factor

compensates for the N-L+1 additions done for all elementsin S™S.
ZE.1.2.2.2 Cross Correlation Cost

ZE.1.2.2.2.1 Basic Principle

The cross correlation cost between two sequences was cal culated as the maximum channel estimate error caused by the
interfering training sequence when employing aleast squares estimator. The maximum is with respect to channel length
and time lag due to an unsynchronized interfering training sequence. Consider the received signal during the training
period from user “k” and interferer “p”,

R=SHh +S,h, +noise, )

where hy and h, denotes the channel of interest and interfering channel, respectively. Given the received vector R, the
least squares estimate of hy is given by,

h =h +(S'S)'S'S,h, +error, ®

where the error includes the contribution not captured by the model, i.e. thermal noise, model error, etc. The training
sequences should be selected such that the energy leaked from an interfering signal E[h;k hp,k ] is minimized, where

-1
hpx = (S<H S ) S/ S,h,, . Assume a one branch receiver and that the covariance of the channel hy is equal to
identity (corresponding to independent and identically distributed taps). Using the properties

tr{E[J}= Eltr{}] ©
and
tr{ABC}=tr{BCA}=tr{CAB} (10)

yields

el b J=trlsts(s's ) (ss ) s, @

The expression is normalized with respect to the channel length and scaled in the same way as the SNR-degradation. If
the interfering signal is unsynchronized, the sequences do not completely overlap. The error due to the interfering
training sequence only depends on the overlapping part. This means that the non-overlapping parts of the sequences
need to be removed from S.

Denote these truncated versions of S as S(u), where p isthe time lag between user “k” and interferer “p”. Note that the

-1
least squares algorithm still remains the same, therefore the factors (SKH S ) are unchanged. The maximum impact
from an interfering sequence s, using the carrier sequence s¢ is denoted “ cross correlation cost” and is defined as,

By(S0:8,) = | MK 1A, (8,8, L)}

| uel-6.....6} (12
8y(84, 5,1 L. ) =10l0g, {1+ (2t F 1irfs(u)? (), (8187 (8'S ) sy sw), |

L in the denominator of the scale factor compensates for the L additions done by the trace operator. For lag equal to
-1
zero, 1 =0, the N-L+1 additions for each element in the (SH S) :s are compensated by the N-L+1 additions for

each lement in S S, and SpH S, . The scale factor (Nf'gflt‘lﬂ‘ compensates for the reduced number of additionsin

S S, and SpH S, for lags not equal to zero.
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The auto correlation cost W(s) and cross correlation cost Ap(,Sp) for all N sequences are stored in a matrix X.

\P(Sb) Ab(%'sl) Ab(%’SNL—l)

A(sys)  F(s)

X = (13

: Ap(Sy, 2:Sy, 1)
Ab(SNL—ySO) Ab(SNL—l’S\lL—Z) \P(%L—l)

ZE.1.2.2.2.2 Used Model

Subclause ZE.1.2.2.2.1 describes the basic principle used when searching for TSCs. However, for the NewToN work
the basic principle was modified to include:

e Adjacent channel interference.
e Modulation rotations.

e Cross correlation between different modulations and between NewToN candidates and legacy sequences. Thus,
the training sequence code of the desired signal, S, () , is not necessarily taken from the same TSC set or list as

the training sequence code of the interfering signal, s, (n) .

The channel hy issplitinto Tx-filter, Y, Rx-filter, § and channel, h .

y(0) 9(0) h(0)
y= : , g= : , h= :
y(L, -1) 9(L, -1 h(L, -1)
h, =YGh (14)
y(0) 0 0 0 ]
y(@) y(0) 3
: : : 0
Y=| y(L, -1 5 o YO (NgxNY)
0 y(L, -1 :
o 0 oy,
g(0) 0 0 0 |
9D 9(0) :
s : : 0
G=|9(L,-D : o900 | (NgxLy)
0 a(L, -1 :
o0 . 0 gD
N,=L,+L,-1

N, =L +N,-1=L +L,+L,-2
L=N,=L,+L,+L,-2

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 335 ETSI TR 145 050 V14.0.0 (2017-04)

An adjacent channel interferer with frequency offset f, = 200 kHz is perceived as arotated interferer with rotation
gl 2 fant =eij%n,forT= 6S.
210
The interfering signal after the Tx-filter is
L,-1 96 ,
- , + — &, adjacent channel
y(n)=e"Y s, (n-k)y(k), p=1"g5" . (15)
k=0

0, co channel

After the combined channel and Rx-filter ( Z(t) = g(t) * h(t) ), where * denotes convolution, the received signal is

()= 3 7n-mz(m) =3 ™ 35, (n—k - m)y( a(m) =

Ll , (16)
=3 3 (g, (n—k—m) y(k) Jz(m)e "
m=0 k=0
i.e. arotated received signal and a de-rotated channel z(t). The received signal in matrix notation is
R=§h, +e S Ye Gh+noise, (17)
where
[gioc o ... 0 gl o .. 0
0 eJ¢l t. . 0 e7J¢l .
e =| . . obe=s 0 '
: . 0 : . . 0
0 . 0 ej¢(N—L) 0 . 0 e‘j¢(|-g+|-h_2)
- (18)
s(L-1) s(L-2) --- S(0)
s(L s(L-1
g SO sL-y
_S’(N_]_) S’(N—L)

The least squares estimate of hyis

h=h+(§"S) 'S e S,YeGh+error. (19

Note that thisleast squares use rotated sequences, thisis equivalent to using un-rotated sequences and de-rotating the
received signal, thisis shown inSubclause ZE.1.4. Rotated sequences are used here for simplicity.

The training sequences should be selected such that the energy leaked from an interfering signal E[h;k hpyk] is

—1
minimized, where h, | = (S;H S;) S"e,S,Ye Gh. Assume aone branch receiver, an unknown Rx-filter and that the

covariance of the Rx-filter and channel are equal to identity (corresponding to independent and identically distributed
taps).

Similarly asin Subclause ZE.1.2.2.2.1

Elry . J=rlvisre s (s s S s ) s e sy @)
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Because of the assumptionson G and h E[h;k hpyk] becomes independent of G, hand e_. The expression is

normalized with respect to the total unknown channel length (Ln+Lg-1 = L-Ly+1) and scaled in the same way as the
SNR-degradation. The resulting cost is cubed to increase the dynamic range to punish bad pairs.

If the interfering signal is unsynchronized, the sequences do not completely overlap. The error due to the interfering
training sequence only depends on the overlapping part. This means that the non-overlapping parts of the sequences
need to be removed from S', denote these truncated versions of S’ as S'(u), where p is the time lag between user “k”

and interferer “p”. Note that the least squares algorithm still remains the same, therefore the factors (S;H S; )_l are

unchanged. The maximum impact from an interfering sequence s’ (with some modulation) when using the carrier
sequence S i (with some modulation) is denoted “cross correlation cost” and is defined as,

A(S,.8,) = {L max {A(,.S),L.4)]

,uE{—G ..... 6} (21)

AGS,, S, L 1) = (mlogl{ln;(ti Ln)tr{v S (we. S, (u)(S" )‘%Sﬁ%)‘ls;“(u)eﬁp(u)v}ﬁ

Note that if L issmaller than Ly the length of the total unknown channel is 1 and the Tx-filter istruncated to its
strongest taps. For scaling purposes the sum of the used Tx-filter taps should be equal to one.

The cost matrices when comparing candidate sequences of the same modulation for co-channel interference are

Y(s)  AlsS) I CE
AS.S) W :
R @
A(S;\IL—l’sl)) A(S;\IL—lis;\lL-z) \P(SNL—l)

where the sub-scripted number denotes a unique sequence among the candidates.

The cost matrices when comparing sequences of different modulation, with adjacent channel interference or when
comparing against legacy sequences are

AS ) A A5
o , A, s :
F(S(’Sp): (SK p) (SK D) N ( NL_2 ,NL_l) , (23)
: . p
A( NL—l /pO) A( N,_—l /N,_—2) A( NL—l /NL—l)

where k and p denote two different sets of sequences and the super-scripted number denotes unique sequences in those
sets. Each element in F is calculated as the maximum value of A(S),S)) and A(S],S,) ,

A(s,,s)) = max(A(s{(, S,) A(S,, s’()). (24)
The cost function for co-channel interference becomes (including sensitivity)
H ’ H ’ H ’ ’
COStccrchannel = a'Modl D(S\/Iodl )aModl + aMod2 D(S\/Iodz)aModz + aModl F (SVIodll SModZ )aModZ + (25)

H ’ H ’
+8yoq1 F (Spouns LEJACYIL+ Byoay " F (81002, LEGACY L.
for the relevant modulations (here only two are shown). “Legacy” includes the legacy sequences rotated for each

modulation (including set 2 for GMSK) and the GMSK dummy burst. The cost functions for adjacent channel
interference becomes

H ’ ’ H ’ ’
COStauj —chamnel = Biodz Dy (Sl\/lodl' SNlodl)aModl +8yog2 Fapy (SNlodZ’ Siiod2 )aMDdZ + (26)

+ aMole FADJ (S:Vlodl’ SI\/IOdZ )aMOdZ + aMv:)le FADJ (S\,/Iodli Legacy)l+ aMDdZH FADJ (S:Vlodzi Legacy)l+
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where “ADJ" indicatesthat ¢ # O when calculating A(.,.).

Thetotal cost functionis

a= arg ml n {WcoCOStco—channel + Wadj+COSt;dj —channel + Wadj—COSt;dj —channel }’ (27)
a Y a(i)h,
a,(1)e{0.1},i=0,...,N, -1

where by is the number of desired sequences for NewToN set nand W, are weights.

The NewToN sequences are found by minimizing the cost function. The solution was found using a combination of the
stegpest descent method and a full search approach.

ZE.1.2.3 Performing the search

The search can be performed either by searching for all sequences at once or by searching in multiple iterations - one
iteration for each new NewToN subset. The first iteration decides the NewToN GM SK sequences. The second iteration
decides the 8PSK sequences, and so on. The decided sequences from the previous iterations are considered both in the

initial search and in the resulting cost function. When calculating ®(S) during the initial search only the legacy
sequences up to the currently considered modulation is considered. For example when searching for aGMSK set, only

legacy GMSK is considered and when searching for an 8PSK set, the legacy GM SK sets the new GM SK sets and the
legacy 8PSK set are considered.

To optimize performance for VAMOS the resulting NewToN GM SK sequences are sorted to maximize the paired
performance between set 3 and set 4 for GMSK. Also the best sequence in each pair is assigned to set 3 to maximize
non-VAMOS GMSK performance.

ZE.1.3 Proposed Training Sequence Code Set

The training sequence symbols used in the extended training sequence sets are captured in Table 2 to Table 6.
Antipodal constellation points from each modulation scheme are used to construct the training sequence in the burst
mapping. The mapping of training sequence symbols to bit sequences follow the mapping used for the legacy TSC sets
and is captured in Table 1.

Table 1. Mapping between training sequence symbols and modulating bits

M odulation Training sequence symbol in M odulating bits
Table2—-Table6

GMSK 0 0
GMSK 1 1

8PSK 0 111

8PSK 1 001
16QAM 0 1111
16QAM 1 0011
320AM 0 00000
320AM 1 10010

Table 2. GMSK - TSC set 3

Training Training sequence symbols

Sequence
Code (TSC)

11,0,00,01001,0,00,1,11,1010,1,0,00,1,0
001011111,0,0,010,0,10,,00,0,0,1,0,0,0
110010001111101110101101,10
0,0,1,1,0,0,00,10,10,0,1,1,0,0,0,0,0,1,0,1,1,00
0001111010,1,1101,0,0,0,0,10,0,0,1,1,0
1100111101,01,01,11,10,0,1,0,0,0,0,0,0
1011100110101,1,11,11,0,0,0,1,0,0,0,0
11100101111,0111,000,0,01,00,1,0,0

N[OOI IWINFO
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Table 3. GMSK — TSC set 4

Training Training sequence symbols

Sequence
Code (TSC)

1100,111,01,00,0001,00,0,1,10,1,0,0,0,0
0,1,1,0,001,0,0,0,0,1,0,1,0,0,0,1,0,11,1,0,0,0,0
11,10,01,000,00,1,01,01,00,1,1,1,0,0,0,0,0
0,1101100,11,11101,0,10,0,0,01,10,00
1101,100,0,01,0,0,001,0,00,101,10,0,0,
110100111111,101,000,1,1010,1,10
001001111111,001,01,01,01,1,0,0,0,0
0,1,0,111,0,0,00,0,0101,00,,10,00,1,11,0

N[O IWINIFLIO

Table 4. 8PSK

Training Training sequence symbols

Sequence
Code (TSC)

0,0,0,0,0,1,0,1,1,0,0,0,01,0,1,00,1,1,1,0,1,1,1,0;
0,1111011010,11111,00,1,1,0,1,1,0,0,0;
101001110101,111101,0,1,00,1,1,0,0;
001011101111011110,01,0,1,1,1,0,0;
0111101,00,110,00,0,01,0,1,1,0,0,0,1,0,0;
01011110101,1,10,1,1,00,00,1,0,0,1,0,0;
111110101101,0001,110,11,101,0,0;
1,111111001,01,011,0,01,00,00,01,1,0

N[O IWINIFLO

Table 5. 16QAM

Training Training sequence symbols

Sequence
Code (TSC)

1,00010111011,11,00,10,1,0,1,1,0,0,0,0;
111000111101,10,0,1,0,0,0,01,0,1,0,0,0;
1,0011101101,01100,11,111,0,1,01,0;
001110111011,01,0,1,1,1,1,0,0,0,0,1,0,0;
1010010111100110,101,11,0,11,0,0;
0001101,01100,11,11,11,01,0,1,0,1,1,0;
0,0,0,0,1,1,0,1,0,0,0,0,1,0,1,0,0,0,1,1,0,0,1,1,1,0;
0,1,0,1,1,0,0,0,0,0,1,0,00,1,0,1,0,1,1,0,0,1,1,1,0

N[O IWINIFLO

Table 6. 32QAM

Training Training sequence symbols

Sequence
Code (TSC)

101,0,10,1,00,0,00,11,0,1,00,1,1,1,0,0,1,0,0;
00110100,1,11,0,1,01,0,0,0,0,1,1,0,1,0,0,0
1,001,100,001,01,0,0,100,1,11,10,0,0,1,0;
00011101011,100,1,101,1,1,1,0,1,00,0;
00,1,01001,111,0,10,0,01,0,0,1,1,0,0,0,0,0;
100001,110100,1101,11,10,1,1,0,0,0,0;
111100101011,0,1,1,0,0,0,0,1,10,0,0,0,0;
110111001111,101001,001,01,0,0,0

N[O IWINIFLO

ZE.1.4 Equivalence of rotational approaches

The most straight-forward way to model cross correlations between sequences of different modulation (or same
modulation) is to:

a) Rotate carrier according to carrier modulation and interferer according to interfering modulation and de-rotate the
received signal according to the carrier modulation. Use least squares with un-rotated sequences.
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For ssimplicity in this case it is more convenient to:

b) Rotate carrier according to carrier modulation and interferer according to interfering modulation, do not de-
rotate. Use least squares with sequences rotated according to carrier modulation.

For the purpose of calculating E[h;k hpyk ] a) and b) are equivalent, thisis shown below.

Let ¢ bethe carrier modulation rotation and ¢ be the interferer modulation rotation.

The rotated carrier can be expressed as:

s(nN=se” o § =9S¢

el o .. 0 el 0 .. 0

0 e . : 0 et .

#= o o | f-= : .. 0
0O ... 0 gD 0 0 e

Similarly the rotated interferer can be expressed as:
S(N=s€e" < S=¢S¢
Some useful identities (valid both for ¢ and @):
¢ =0, , ¢ =¢
S"=(p,Sp.)" =¢:S"g,
(8"8) =SS =(9,50 ) (§'S"s) " =g'S Y9 S "9 =¢(S"S) 0.
Themode for b) is

R=Sh +€SYz+ noise

b):ih,, =(S"s) 'S e, S)Yz:

rotated LS sequences

where 2 isthe combined channel and Rx-filter which is assumed unknown and € isomitted based on resultsin
Subclause ZE.1.2.2.2.2.

Similarly asin Subclause ZE.1.2.2.2.1

el h, =ty se (5SS S e S |
Using the identities shown above yields
el )=tV o Sipen S0 (S'S) 00 (S'S.) 00 S ben. S0 Y=
N RN CAL R CAL N R R

which corresponds to

M = (S'S)'S! de.0, S0 Yz

un-—rot. LS sequences
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and the received signal

R=¢,0,S¢.h + .6.0,S,0.Yz+ noise =
—_

hy

Sh +¢,e,¢.S,0_Yz+ noise

R
rot.interf .

The term (z): is the de-rotation with the rotation of the carrier, hence the model aboveis a).

): R=Sh + 9.6,0,S,p.Yz+noise
4~ DAL
hprk = (S<H S<) SKH ¢+e+¢+sp¢—YZ

Which proves that when calculating E[h;khp’kl a) and b) are equivalent.

ZE.2 Performance framework for design of Extended TSC
Sets

3GPP TSG GERAN #61

GP-140107

Sophia Antipolis, France, Agendaitem11.1

24 - 28 February 2014

Source: Ericsson

Title: NewToN —Working Assumptions

ZE.2.1 Working Assumptions for performance framework

# Working Assumption Reference
paper
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1 | Thefinal performance evaluation shall only be based on simulations using a commonly agreed GP-140192
framework
2 | If aTSC set is proposed by a contributing company, performance evaluation is required for the GP-140192
proposed TSC set, and all other TSC sets proposed by other companies.
3 | No more than one complete TSC set shall be proposed by each contributing company GP-140192
4 | Each company evaluating performance shall evaluate the performance using at least one GP-140192
receiver implementation expected in real network operation (which BTS and/or M S receiver
architectures to use are not commonly agreed but up to each company performing the
evaluation). Only one representative set of performance figures shall be derived from the
receiver(s) s mulated.

Note: A chosen receiver implementation shall be used to evaluate all proposed TSC sets.

5 | Each company evaluating performance shall evaluate the performancein at least one of: GP-140192
CS+EGPRS, or, CS+EGPRS+EGPRS2-A.

Note: If only CS+EGPRS services are evaluated, the interfering modulation need not include
rotated 16QAM(UL/DL) and 32QAM(DL) with a TSC included.

6 | If thefina performance figure (considering all evaluations from all companies) of the best GP-140192
TSC set (a complete TSC design from one company) is less than (<) 0.1 dB better than the
second best TSC set, a TSC set israndomly chosen (by blind draw by the GERAN WG1
secretary) from all TSC sets whose final performance figureisless than 0.1 dB worse than the

best TSC set.
7 | The performance shall only be evaluated in the 900 MHz frequency band. GP-140192
8 | Thedifferent interferer/noise scenarios shall be investigated in propagation conditions GP-140192
TUS50NFH (sensitivity and interference) and HT100nFH (sensitivity)
9 | The performance shall be evaluated in: GP-140192

»  Sensitivity (Auto correlation)

* CCI (Cross correlation)

* ACI a +200 kHz (Cross correlation)
» ACI at -200 kHz (Cross correlation)

10 | The non-idea time synchronization model used for VAMOS UL shall apply only for the GP-140192
wanted signalsin VAMOS UL simulations

11 | Thetime shift models (separate models for CCl and ACl) as proposed in Table 1 shall be used GP-140192
in the performance evaluation with the delay applied independently per burst.

12 | Wanted signdl: GP-140192

Sensitivity: Performance is evaluated with the new TSC set assigned

Interference; Performance is evaluated with the new TSC set assigned (both legacy TSC and
new TSCs interfering) and with legacy TSC set assigned (only new TSCsinterfering).

13 | Interfering signal: All TSCs (CCl: All TSCs except the one assigned the wanted signal, ACI: GP-140192
All TSCs) are assumed to interfere each assigned wanted signal (including both legacy TSC set
and new TSC sets for different modulations).

Note: All legacy TSCsin this regard includes the normal burst TSCs defined in 3GPP TS
45.002 for NSR, as well as the dummy burst as defined in subclause 5.2.6.

14 | All TSC combinations shall be evaluated at araw BER level of 5% except for 16QAM and GP-140192
32QAM where 1 % shall be used

15 | The distance between two simulation points used for interpolation shall not be more than 2 dB GP-140192

16 | Each simulation point shall be simulated using at least 4000 bursts. GP-140192

17 | For agiven TSC proposd, for each company evaluation: For each smulated carrier GP-140192

modulation, and, in case of interference simulations, interference type and interferer
modulation, all intersection points (dB) are converted to linear values and averaged to arrive at
a performance metric (dB).

18 | For al TSC proposals, for each company evaluation: The dB-deviation of each proposed TSC GP-140192
set from the averaged performance of all TSC proposalsis recorded for each carrier
modul ation and scenario simulated (see WA 17).

19 | For agiven TSC proposal, for each company evaluation: All carrier modulations (see WA 5) GP-140192
shall be evaluated in sensitivity. All carrier modulations (see WAS) excluding AQPSK, shall
be evaluated in interference.

20 | For agiven TSC proposal, for each company evauation: The carrier evaluation for VAMOS GP-140192
shall be simulated for

- SCPIR=0 and -10 dB in case of VAMOS UL

- SCPIR=0,-4 dB in case of VAMOS | MS on the DL

- SCPIR=0,-4,-10dB in case of VAMOS || or VAMOS Il MS on the DL

The performance need only be evaluated for one of the VAMOS sub-channelsin case of
SCPIR=0 dB and the weak sub-channel in case of negative SCPIR.

21 | For agiven TSC proposal, for each company evaluation: AQPSK shall not be smulated as an GP-140192
interfering modulation.
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22 | For all TSC proposals, across different company evaluations: The derived performance figure GP-140192
for each carrier and interfering modulation, interference scenario (see WA 17 and WA 19) and
TSC proposal from each contributing company shall be averaged (dB).

23 | For all TSC proposals, across different company evaluations, interference simulations: The GP-140192
performance figures for all TSC proposals (see WA 22) shall be weighted depending on carrier
modul ation with:

GMSK: 70%; 8PSK: 20%,; 16QAM: 5%; 32QAM: 5%.

24 | For all TSC proposals, across different company evaluations, interference simulations: The GP-140192
performance figures for all TSC proposals (see WA 22) for each carrier modulation shall be
wel ghted across interfering modulations according to:

GMSK: 70%; 8PSK: 20%; 16QAM: 5%; 32QAM: 5%.

25 | For all TSC proposals, across different company evaluations, sensitivity simulations: The GP-140192
performance figures for all TSC proposals (see WA 22) shall be weighted depending on carrier
modul ation with:

GMSK: 50%; VAMOS (DL: AQPSK, UL: paired GM SK): 20% 8PSK: 20%; 16QAM: 5%;
32QAM: 5%.

26 | For all TSC proposals, across different company evaluations: The different propagation GP-140192
profiles and scenarios shall be weighted according to: Sensitivity: 25%; CCl: 60%; ACI-:
7.5%, ACl+: 7.5%.

ZE.3 Delay statistics for design of Extended TSC Sets

3GPP TSG GERAN WGL #61

GP-140140

Sophia Antipolis, France, Agendaitem 7.1.5.2.4
24 - 28 February 2014

Source: Ericsson

Title: NewToN — Delay statistics from system level smulations

ZE.3.1 Background

A synchronized radio network is usually referring to a network with the same absolute time referencein all sitesand
with the frame structure on the radio interface aligned between the different sites.

In such a network there will still be “asynchronous behavior” in the sense that propagation delay will cause externa
interference to be offset compared to the wanted signal at the receiver reference point. Propagation delay here excludes
multi-path effects which will be added on top of this asynchronous behavior during the link level simulations.

The propagation delay isroughly 1 GSM symbol duration per kilometer (3e8*48/13€6).

The maximum propagation offset experienced in the network will be mainly dependent on the output power of the
transmitter, the propagation loss and the receiver sensitivity.

The minimum propagation offset need not be limited by a zero offset. Negative offsets can be expected in a network
when the serving base station is the most suitable base station in terms of minimizing path loss, but at the same time not
the base station geographically closest to the MS. Other effects resulting in anegative delay can be non-ideal mobility
and/or non-ideal synchronization of the network (the absolute time reference is not the same in all base stationsin the
network).

Apart from the maximum and minimum delay experienced, the delay distribution between these two extremes will vary
depending on frequency re-use, cell size, system load etc.
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Simulations have been carried out in different scenarios to estimate the delay expected in synchronous networks. The
simulation assumptions used in the evaluations are listed in Table 1.

Table 1. Simulation assumptions

Par ameter MUROS-1 MUROS-2

Frequency band (MHz) 900 900

Cell radius/ 1SD 500 m/ 1500m 500 m/ 1500 m
250 m/ 750 m® 250 m/ 750 m®
166 m/ 500 m® 166 m/ 500 m®
100 m/ 300 m® 100 m/ 300 m®

Bandwidth 4.4 MHz 11.6 MHz

Guard band 0.2 MHz 0.2 MHz

# channels excluding guard band 21 57

# TRX 4 6

BCCH frequency re-use 4/12 4/12

TCH frequency re-use 11 3/9

3t

Frequency Hopping Synthesized Baseband

Length of MA (# FH freguencies) 9 5

Fast fading type TU TU

BCCH or TCH under interest Both Both

MS speed 50 km/h 50 km/h

MS noise figure 6 dB® 6 dB®

BTS noisefigure 4dB® 4 dB®

MS output power 33dBm 33dBm

BS output power 43 dBm 43 dBm

Power control On/Off On/Off®

Network load 2 9% blocking 2 % blocking

50 % of the load at 2% blocking™® 50 % of the load at 2% blocking®

NOTEZX: Additional simulations compared to MUROS baseline. Settings are only used if explicitly mentioned.

The relation between cell radius and ISD is afactor x3, i.e. the ISDs simulated are 1500m (baseline MUROS

assumption), 750 m, 500 m and 300 m, since a hexagonal cell structure is used.

Each network simulated is evaluated at 2 % blocking without activation of the VAMOS feature.

Delay statistics are collected separately for UL/DL and separately for CCl (Co Channel Interference) and ACI

(Adjacent Channel Interference).

Aninterfering burst is only logged if the signal level is above the thermal noise level at the receiver reference point.

ZE.3.2.2 Non-ideal network synchronization

Network synchronization in GSM istypically done using either GPS based synchronization or a software based

synchronization.

A non-ideal factor of network synchronization has been used as described in Table 3.

Table 3. VAM OStime offset model.

Time offset [symbol]

Probability [%]

25%

0

50%

1

25%

ETSI




3GPP TR 45.050 version 14.0.0 Release 14 344 ETSI TR 145 050 V14.0.0 (2017-04)

ZE.3.2.3 Collection of results

The results are analyzed for each frequency re-use pattern, | SD, use of power control, network load and split between
UL/DL. Theinterference is separated on CCl and ACI, and for each interference type the distribution of the three
strongest interferersis collected.

It has been assumed that any variation of parameter not having significant impact on the final distribution will not be
separated. For example, if no significant difference is seen between the DL and UL distribution, the same distribution
(an average of the UL and DL distribution) is proposed to be used for both UL and DL simulations.

The different scenarios simulated have been weighted based on input from operators. Equal weights have been used
except for different frequency re-use patterns where the weighting factors are captured in Table 4.

Table 4. Weighting factorsfor different frequency re-use patterns.

Freguency re-use Weight
11 10 %
1/3 20 %
3/9 35 %
4/12 35%

Apart from using a 0.5 symbol delay resolution, the distribution is limited to 0.5 resolution of percentage figures.

ZE.3.2.4 Delay distribution

The fina distribution for CCl and ACI isshown in Table 5.

Table5. Finally proposed probability distribution.

Delay [symbols] Probability [%]

CCl ACI
-1.5 0.5 1.0
-1.0 25 8.0
-0.5 8.0 9.5
0.0 10.0 19.5
0.5 18.0 185
1.0 155 16.0
15 155 125
2.0 10.5 6.0
25 7.5 35
3.0 35 2.0
35 35 15
4.0 15 0.5
45 10 0.5
5.0 10 0.5
5.5 0.5 0.5
6.0 0.5 0.0
6.5 0.5 0.0

ZE.4 NewToN — Performance evaluation
3GPP TSG GERAN WGL1 #64

GP-140873

San Francisco, USA, Agendaitem 7.1.5.1.2

17 - 21 November 2014

Source: Ericsson

Title: NewToN — Perfor mance evaluation
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ZE.4.1 Introduction

A new work item on New Training Sequences for GERAN, acronym NewToN, was approved at GERAN#60.

The work consists of defining new training sequences for both CS and PS services in GERAN with the aim to reduce
the cross correlation between TSCsto primarily alow for a more spectral efficient implementation of synchronized
GSM networks.

The new TSC sets are referred to as Set 3 and Set 4 for GMSK modulation (two sets introduced double the TSC setsin
the CS domain), while for other modulations referred to as Set 2.

A performance evaluation framework has been agreed to be able to select among different TSC proposals. Currently,
thereis only one TSC proposal available, but the framework can also be used to compare a TSC proposal to the legacy
TSC sets. In Annex A, arelative performance comparison according to the framework is shown. The final metric
(basically aweighted average of the performance with all possible combinations of TSCsfor carrier and interferer in
various scenarios) for the new TSC set isfound to be 0.7 dB better than legacy when including TSC set 2 for GMSK,
and 1.5dB if only TSC set 1 from all modulations are considered.

Whereas thisis an attractive improvement, it may not fully reflect the expected gains of NewToN. One important aspect
of extending the set of training sequences is that it increases the possibilities of TSC planning so that under-performing
TSC combinations can more easily be avoided.

In this contribution, the following aspects of using an extended TSC set are investigated:
e The benefits of extended TSC sets for TSC planning are investigated:

e In Section ZE.4.2, the impact of co-TSC interference — interference from an interferer with the same TSC
as the wanted signal —is studied on link level based on system level statistics.

e |n Section ZE.4.3 system level simulations using TSC planning with current and existing TSC sets are
evaluated both in anon-VAMOS and VAMOS network scenario.

e The benefit of extended TSCs sets according to the agreed performance framework is presented in Section
ZEA4.A4.

ZE.4.2 Impact of co-TSC interference

ZE.4.2.1 Introduction

Figure 1 illustrates an extreme example of the impact of co-TSC interference. An IRC receiver interfered by a single co-
channel interferer has been simulated. The interferer is synchronized to the carrier but has a propagation delay
according to the agreed propagation delay model for NewToN.

Inthe “Co-TSC” case, the interferer always has the same TSC as the carrier, whereas in the “ Other TSC” case, the
interferer TSC is randomly chosen from the other seven TSCsin GMSK set 1.

At 1% FER, the difference between the two curvesis about 18 dB. Even though thisisin an extreme scenario, it is
obvious that co-TSC interference is very detrimental to IRC. Similar results (not shown here) have been noticed for a
SAIC receiver.
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o IRC {uplink}
10 : I

Co-TSC
= Other T5C

= 0

Class 14 FER

/1 [B] {5 oB per tick)

Figure 1: FER vs C/l with single CCI.

ZE.4.2.2 System model of co-TSC interference

To assess the impact of TSC planning to reduce co-TSC interference in real networks, the following approach has been
taken:

1) For agiven network, TSC planning is performed seeking to avoid strong co-TSC interference. Two different
TSC plans were derived using eight TSCs (corresponding to the legacy case without VAMOS) and 16 TSCs
(corresponding e.g. to the case of extended TSC sets), respectively. The TSC planning algorithm is proprietary
but should be seen to reflect arealistic TSC planning in the field.

2) System simulations are run using the derived TSC plans to get statistics of interference levels and co-TSC
probabilities.

3) The statistics are used to build an interference model that is used in alink simulator to derive link performance
impacts.

ZE.4.2.2.1 Network configuration

The considered network is atight reuse network with 100% speech users and with the network load placed at around
2% hard blocking. The configuration is summarized in Table 1.
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Table 1: Parameters for the system simulations.

Parameter Value
Cell radius 300m
Freguency re-use 1/1
#TRX 3
#Frequencies 9
Erlang per cell 14.3
Power control ON
Speech codec AFS5.90
DTX ON
Speech activity factor 0.6
#cells in system 147
Pathloss model Okumura-Hata

. Log-normal, standard

Shadow fading de\%iation =8dB

ZE.4.2.2.2 Interferer strength

The strength of the carrier and the two strongest CCl interferers, the two strongest ACI+ interferers and the two
strongest ACI- interferers are logged for each transmitted burst in the system. The statistics are binned based on the
Clliat (where lior isthe total interferer energy) before fast fading. For a given Clli, the median strength of each of the
interferersis stored. Thisway, a C/I-dependent interferer strength profile is derived.

The results are shown in Figure 2 and Figure 3 for the uplink and for the downlink, respectively. The individual
interferer strengths as well as |y are defined after the RX filter assuming and an ACP of 18 dB.

Aninteresting observation isthat at low C/I levels, the interference is dominated by the strongest CCl (especially for
downlink), whereas at higher C/I, the second strongest CCl and the ACls become increasingly prominent (i.e., closer in
strength to the strongest CCl).

Uplink

—cclz :
—ACk land ACK1 |
—ACk 2and AC- 2

Interferer strendths [dB]

Figure 2: Interferer strengths for uplink scenarios.
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—ACK 1 and ACK-1 |
——AChk 2and ACK-2 [

Figure 3: Interferer strengths for downlink scenarios.

ZE.4.2.2.3 Co-TSC probability

The co-TSC probabilities for the two strongest CCls are also derived from the system simulation statistics. The
probabilities are calculated per cell. CDFs over al cells are shown in Figure 4 and Figure 5 for uplink and downlink,

respectively.

CDF aver all cells

o2 - - =
Strongest CCI, 16 TSC plan
o1 Second strongest CCI, 16 TSC plan I
’ = = ZStrongest CCI, 8 TSC plan
- - = = Second strongest CCI, 8 TSC plan
] | = i T T I T
0 0oz 0.04 0.06 0.08 0.1 o1z 0.14 016 018 o2

Frohahility of co-TSC

Figure 4. CDFs of co-TSC probability in uplink scenarios.
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) P ~ : : | == Strongest CCI, & TSC plan
f f_,"" - | : : : — = Second strongest CCI, & TSC plan
i T 1 i 1 T T T T
u] noz2 n.o4 n.og 0.0 oA o1z n14 nie n1g 0z

Probability of co-TSC

Figure 5: CDFs of co-TSC probability in downlink scenarios.

To cover awide range of situationsin the network, three different scenarios are considered when deriving the likelihood
of co-TSC in the interferer models; the 10™ percentile (corresponding to a good cell from a TSC planning perspective),
the median (corresponding to a median cell) and the 90™ percentile (bad cell). The probabilities are summarized in
Table 2.

Table 2: Probabilities of co-TSC.

10 percentile 50t percentile 90t percentile
15U CCl 3.5% 6.5% 11%
Unlink 8TSCplan g 6.9% 9.8% 13%
P 16 7SC plan |2 CCl 0.64% 1.6% 3.2%
P 274 CCl 1.7% 3.2% 5.7%
st Cal 1.8% 5.5% 13%
Downlink 8TSCplan —mcg 4.4% 9.9% 16%
16 TSC ojan |_£-cCl 0.19% 1.1% 4.7%
P 274 CCI 0.80% 3.0% 6.2%

ZE.4.2.3 Link level simulations

Based on the statistics derived in Section ZE.4.3, an interference model is built and used in link simulations.

ZE.4.2.3.1 Interference model

Theinterference model consists of two CCl interferers, two ACI+ interferers and two ACI- interferers. Their relative
strengths (before fast fading) are set according to Figure 2 (for uplink simulations) and Figure 3 (for downlink
simulations) depending on the C/I.

The CCI interferers randomly use the same TSC as the carrier with probabilities given in Table 2 for agiven
configuration (in total there are 12 configurationsin Table 2 —two link directions, two different TSC plans and three
different percentiles). When the co-TSC is not chosen, one of the other TSCs (7 or 15 other, depending on the used TSC
plan) is chosen randomly with a uniform distribution. The ACI interferers randomly choose a TSC from all available (8
or 16) TSCs. The carrier dways uses TSC 0 from legacy set 1.

Inthe 16 TSC plan case, the GMSK TSC Set 3 isused in addition to the legacy GMSK TSC Set 1.

All interferers are GMSK modulated. The NewToN propagation delay models are used.
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ZE.4.2.3.2 Other simulation parameters

Other simulation parameters are listed in Table 3.

Table 3: Parameters for the link simulations.

Parameter Value
Channel model TUS50nFH
Frequency band 900 MHz
Channel coding AFS4.75

AFS5.90
AFS7.95
AFS12.2
. DL: SAIC
Receiver UL: IRC
TX impairments Typical
RX impairments Typical
Number of speech
frames 10000

ZE.4.2.3.3 Results and discussion

Plots of class 1A FER versus C/I are shown in sub clause ZE.4.7) for both uplink and downlink. The gains at 1% FER
are collected from all scenariosinto a CDF in Figure 6.

It is evident that even though the co-TSC probabilities are much smaller than in the 100% co-TSC scenario in Figure 1,
they have a significant impact on performance. The average gain seenisroughly 2 dB. Thisgain is partly dueto the
reduced co-TSC probability and partly due to the better cross correlation properties of the extended TSC set.
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Figure 6: FER vs C/l in downlink scenarios — AFS4.75, AFS5.90, AFS7.95, AFS12.2.

ZE.4.3 System level simulations

ZE.43.1

System level simulations have been carried out using a dynamic system simulator where alink simulator object has
been integrated in each radio link to model the link level performance of each user.

Introduction

Hence, instead of using Link-2-System mappings, which is the conventional method to model radio link performance
on system level, the link performance is modeled on |Q-level with demodulators called for each user and each burst.
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This allows the evaluation of system performance to fully take into account complex aspects such as TSC allocation and
their impact on system capacity.

ZE.4.3.2 Simulation assumptions

The same system level configuration as presented in Table 1 was used to simulate UL network performance. AFS12.2
was used for the non-VAMOS network performance evaluations and AFS7.95 for the VAMOS network performance
evaluations to get a quality limited network below the load of 2 % blocking. I.e. using for example AFS4.75 resultsin a
blocking limited network where system capacity gains due to improved network quality cannot be measured.

The same TSC planning agorithm was used as described in Section ZE.4.2.2. Since this planning principle mainly aims
at avoiding co-TSC interference there is a need to map a specific TSC value/index to each specific TSC valuein the
plan. In other words, the TSC planning algorithm will determine for example that e.g. cells
[1,15,27,35,52,89,115,132,145] should have the same TSC in order to avoid co-TSC in the network (and similar cell-
vectorsexist for al 8 or 16 TSCs). It will however, not map a specific TSC to these cells. In order to estimate the
impact on the results from different TSC plans, three different, randomly chosen, mapping vectors were generated and
simulated. The result for each ssmulated scenario is an average of these three mapping alternatives. It can be noted that
the TSC planning implies that TSCs from one, or two sets, are used for abasic TSC plan in the network. Thisimplies
that legacy TSC set 1 isnot used in half of the cells (in case of using a TSC plan of 16).

The two TSC planning scenarios as described in Section ZE.4.2.3.1 was also evaluated on system level. In addition, the
TSC plan of 16 available TSCs, only taken from the proposed NewToN set was also ssimulated. This scenario would
represent a system with a high penetration of NewToN MS where the new set could be used as a baseline in the TSC
planning, and the legacy set is only used when allocating usersin aVAMOS channel.

The metric on “Happy users’ istaken from the MUROS study where a <2% call FER is classified as a“Happy user”
when simulating FR channels.In the non-VAMOS simulations a 100 % M S penetration level of legacy MS, or NewToN
MS (when TSC set 3 and TSC set4 is used) has been assumed.

In the VAMOS simulations a 100 % MS penetration level of VAMOS MS, or NewToN VAMOS M S (when TSC set 3
and TSC set4 is used) has been assumed.

ZE.4.3.3 Results — non-VAMOS

The results are shown in Figure 7.

100 ! . . ‘
: : Legacy set 1

—<— Legacy set 1 and NewToN set 3, 34% | |
—+H— NewToN set 3 and set4, 47%

Happ users [%]

Traffic/cell [Erlang]

Figure 7. System level results with different TSC mapping plans —non VAMOS
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It can be seen that the system level capacity gainsin reference to the legacy 8 TSC planning are quite substantial both
for the case of using legacy set 1 together with NewToN set 3, with further gains when adding a complete TSC plan
using the NewToN set.

Theresultsin terms of system capacity gains are al'so summarized in Table 4 at the quality limit of 95% Happy users.

Table 4. System capacity gains with NewToN compared to system performance using legacy set 1.

System capacity gains [%]
Legacy set 1 + NewToN set 3 +
NewToN set 3 NewToN set 4

34 47

ZE.4.3.4 Results - VAMOS

The intention of the NewToN work, by increasing the number of TSCsin the CS domain from 16 to 32 wasto realize a
two times increase in the number of TSCs used for TSC planning when supporting VAMOS.

In this section VAMOS performance is evaluated assuming different TSC planning strategies with and without
NewToN TSCs. The TSC sets used for the TSC plans are represented by ‘ TSC sets for TSC plan’ : ‘Paired TSC sets for
VAMOS alocation’. For example”Set 1: Set 2” impliesthat TSC set 1 isused for the baseline TSC plan (i.e. TSC re-
use eight), and that TSC set 2 is used in case of usersbeing in VAMOS mode. The VAMOS principleisfollowed in
that only paired TSCs of the same index are considered. For example, in ‘Set 1+3 : Set 2+4’ TSCsof set 1 isonly paired
with TSCs of set 2 using the same TSC index.

The simulation assumptionsin Section ZE4.3.2 are followed.

The results are shown in Figure 8. The system capacity gains with VAMOS are shown in the legend (i.e. capacity gains
compared to the non-V AMOS case when the system is at 2% blocking).

100 T T 1 T T
: : : Set1:35et2, 87%
99 R SRR e ] DT Set142: Set241,99% |
: : : —o— Set 143 Set 244, 111%
—H— Set 2+3: Set 144, 117%
98 - - |

96 -

Happy users [%]
w
(52}
T

92 -

90 I | I | | I |
24 25 26 27 28 29 30 31 32
Traffic/cell [Erlang]

Figure 8. System level results with different TSC mapping plans — VAMOS.

Two different TSC plans without NewToN have been used, either applying an 8 re-use or a 16 re-use. The benefit of
using a 16 re-use is that the probability of co-TSC is vastly reduced in case of alow loaded network (not many VAMOS
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connections), while at high loads the VAMOS connections increase and the plan, in the extreme case of only VAMOS
connections, effectively reducesto an 8 TSC re-use. It can be seen from the simulations that the gap between the two
curves without NewToN (blue) diminishes with increasing load.

For NewToN both using TSC set 1+3 (16 re-use), and TSC set 2+3 (16 re-use) was simulated. TSC set 2+3 was
simulated to see what could be gained at a high loaded network scenario with NewToN MS (i.e. where TSC set 1 is not
used for basic TSC planning but only in VAMOS connections).

It can be seen that additional system capacity gains of 12-18 percentage points are brought by using NewToN with the
VAMOS feature compared to using a 16 TSC re-use without NewToN.

ZE.4.4 Performance comparison according to NewToN framework

In Section ZE.4.6, the performance gain of the proposed TSC set according to the performance evaluation framework is
shown. The gain is shown compared to two different references. The first reference is the legacy training sequences for
all modulations, excluding GMSK TSC Set 2 (except for the VAMOS performance, for which both GMSK TSC sets
were used). Compared to this reference, the gain is 1.5 dB, when averaged across al scenarios defined in the
framework.

The second reference isusing al legacy training sequences, i.e.,, GMSK TSC Set 2 isincluded. The gain compared to
thisreferenceis 0.7 dB.

It can be seen that gains of up to 4.8 dB is observed in the extreme scenario (32QAM carrier, GMSK interferer) while
some performance losses are also observed, mainly in scenarios where low weight is given to the interferer scenario,
modulation combination according to the agreed framework. The most extreme loss is observed in the ACI
performance scenario with 32QAM carrier and 8PSK interferer.

To illustrate the performance Figure 9 is used, reflecting the difference of the 16 CCl modulation combinationsin the
Annex. As can be seen, 50% of the combinations are above 3 dB and 2 dB respectively for ‘TSCset 1’ and ‘TSC set 1
and 2' respectively. The losses are at most 1 dB, but most of them < 0.5 dB.
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Figure 9. ‘CDF’ of NewToN gains compared to performance evaluation framework — CCI.
To further analyze the point where of aloss of 1 dB isobserved (C: GMSK, |: 8PSK versus TSC set 1), Figure 10 has

been produced that shows the linear average of C/l at 5 % BER for different TSC sets combinations for this specific
modulation combination.
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m— GMSK1 + 8PSK1 (legacy)

P GMSK1/2/3/4 + 8PSK1/2
P GMSK1/2 + BPSK1 {legacy)
= GMSK2Z + 8PSK1 (legacy)

= GMSK3 + 8PSK1
= GMSK4 + 8PSK1
m— GMSK2Z + 8PSK2
m— GMSK1 + 8PSK2
= GMSKS + 8PSK2
= GMSK4 + 8PSK2

0.3 dB
I |

1.0dB |

I I I
Linear average of C/l at 5% raw BER [2 dB per tick]

Figure 10. Breakdown of CCI case with C: GMSK, I: 8PSK.

It can be observed that:

- Thelegacy case (red color in figure) consist of two parts, "GMSK1 + 8PSK1” and "GMSK2 + 8PSK1". These
differ significantly in performance. The average of these, denoted ”GM SK 1/2 + 8PSK 1", constitutes our
reference case. Compared to this, thereisagain of 0.3 dB for NewToN, "GM SK1/2/3/4 + 8PSK 1/2”.

- If comparing only to legacy set 1 (“GMSK1+8PSK1"), thereisaloss of 1 dB.
- Looking more into details, one can see:

"GMSK3 + 8PSK1" and "GMSK4 + 8PSK 1", i.e. new TSC:sfor carrier and legacy TSC:s for interferer, are
both better than ”GM SK1 + 8PSK1". Thisis good and should be the most important case for aNewToN MS
(using GM SK and being interfered by 8PSK), and isroughly 1.5 dB better than the collected legacy
performance of TSC set 1 and 2 (“GMSK1/2 + 8PSK1").

- "GMSK1+8PSK2" and "GMSK?2 + 8PSK2", i.e. how legacy GMSK sets perform when interfered by the
new 8PSK set, isin the middle, on each side of the legacy case with difference around 0.3 dB.

- "GMSK3 + 8PSK?2" and "GMSK4 + 8PSK 2" are worse (but still better than the legacy “GMSK2 + 8PSK1”
case). Thisistheleast likely case (NewToN MSinterfered by other NewToN MS).

- The differences seen can be taken into account in network planning, i.e. it is shown that the NewToN sets are
superior when interfered by the legacy set, while NewToN GM SK setsinterfered by NewToN 8PSK set is
inferior. Hence, effectively a network could have more loose relation between cells of new TSCs, and stronger
relation between cells using new and legacy sets respectively.

ZE.4.5 Conclusions

In this contribution, the impact of co-TSC interference (interference with the same TSC as the wanted signal in a
synchronized network) has been investigated. Further, the gains of having a sparser TSC plan (as enabled by e.g.
NewToN) have been assessed. It was found that by using 16 TSCsinstead of eight in the TSC plan, the probability of
strong co-TSC interference can be reduced, resulting in alink level gain of around 2 dB.

The new TSC set has a'so been investigated on system level using adynamic system level simulator with an integrated
link level simulator object in detail modeling the impact of TSCs allocation for each radio link. System capacity gains
in the range of 34 - 47 % were observed compared to a system utilizing TSC set 1 for the TSC plan. When NewToN
was used together with VAMOS, additional VAMOS capacity gains of 12 - 18 percentage points were observed. The
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simulations does not take into account the most likely deployment scenario where TSC set 1isplannedin al cells, in
which case lower system capacity gains are expected. For example, if a5 % penetration level is assumed, the system
capacity gains would be significantly reduced.

Furthermore, the proposed TSC set was eval uated with the agreed framework to provide on average 1.5 dB and 0.7 dB
gains respectively when compared with TSC set 1 and TSC set 1 and TSC set 2. The gains were seen to provide rather
large variations depending on scenario with maximum gain at 4.8 dB, but also noting some losses mainly in the less
prioritized scenarios according to the agreed framework. For one important case aloss of up to 1 dB was observed.
More analysis was provided to explain the reason for the performance difference, showing that the new GM SK sets
interfered by legacy 8PSK set (sub-set of the total metric) provides again of roughly 1.5 dB, which is considered to be
the most important sub-set of this metric.

ZE.4.6: Performance comparison according to NewToN
performance framework

Figure 10 summarizes the gains of the proposed NewToN TSC sets compared to legacy TSC Sets, according to the
performance evaluation framework.

In the left table, GMSK TSC Set 2 was excluded except for the sensitivity performance with VAMOS, for which
GMSK TSC Set 2 was included.

In the right table, GMSK TSC Set 2 isincluded also in the non-VAMOS simulations.

NewToN vs Legacy Set 1 NewToN vs Legacy Set 1+2
CO Interferer Co Interferer
GMSK | 8PSK |16QAM|32QAM GMSK | 8PSK |16QAM|32QAM
GMSK 3,3 -1,0 4,0 4,8 GMSK 0,8 0,3 2,0 2,7

8PSK 0,5 3,6 -0,8 -0,5
16QAM| 3,7 -0,4 3,3 4,1

8PSK 0,9 3,6 -0,8 -0,5
16QAM| 2,2 -0,4 33 4,1
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Figure 10: Performance evaluation of TSC proposal according to the framework, compared to legacy
training sequences, using a BTS receiver.
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ZE.4.7 Detailed link level performance

In this Annex contains link level plots of class 1A FER versus C/I based on the methodology in sub clause ZE.4.2 for
the different codecs listed in Table 3 (ZE.4.2.3.2).
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Figure 12. FER vs C/l in uplink scenarios — AFS4.75, AFS5.90, AFS7.95, AFS12.2
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Figure 13. FER vs C/l in downlink scenarios — AFS4.75, AFS5.90, AFS7.95, AFS12.2
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Annex ZF:
Machine-type-communication (MTC) deployment, including
EC-GSM-IoT, in a reduced BCCH spectrum allocation

ZF.1 Common simulation assumption framework

ZF.1.1 Tdoc reference
3GPP TSG GERAN WG1 #69
GP-160153

Malta

15t — 19™ February, 2016

Source: Ericsson LM

Title: Intended scope for reduced spectrum allocation on BCCH evaluation

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 358 ETSI TR 145 050 V14.0.0 (2017-04)

ZF.1.2 Working assumptions for network simulations

Table ZF.1-1: Working assumptions for network simulations
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Nr Working assumption
WA1 The traffic to be carried by the tight reuse network is MTC traffic.
The network will serve a mix of EC-EGPRS and legacy GPRS MTC

WA2.1 .
devices.
The legacy GPRS MTC devices are assumed to support a max output
WA2.2
power of 33 dBm.
WA3 The traffic models for MAR periodic and Network Command (see [1]) will
be used for EC-EGPRS.
WA3b The aggregate traffic model proposed in Annex ZF.8 will be used for

legacy GPRS MTC.

Legacy PS devices are modeled by GPRS, optionally using EGPRS
WA4 MCS-1-4. If EGPRS is used, no IR functionality shall be assumed
activated.

EC-EGPRS devices supporting only GMSK modulation shall be

WAS.1 evaluated. These are modeled by EGPRS MCS-1-4 using type 2 HARQ
and blind physical layer transmissions.

EC-EGPRS devices supporting GMSK and 8PSK modulation may be
WAS5.2 evaluated. These are modeled by EGPRS MCS-1-9 using type 2 HARQ
and blind physical layer transmissions.

WA6 The impact of a tighter frequency reuse on network synchronization
performance shall be investigated for both EC-EGPRS MS and legacy
GPRS MS.

WAG.1 Network synchronization performance shall be investigated

for a relevant range of coupling losses,

with realistic interference models where SINR levels are reflecting the
assumed and relevant network parameters, such as frequency reuse,
and,

where the logical channels are correctly mapped on both wanted and
interfering signals

WAG6.1.1 | For EC-EGPRS, network synchronization performance at coupling losses
164 dB, 154 dB and 144 dB shall be investigated.

WAG6.1.2 | For legacy GPRS, network synchronization performance at coupling loss
144 dB shall be investigated.

WAG6.1.3 | Interference models shall capture expected interference types, including a
sufficient number of co- and adj-channel interferers as well as thermal
noise, and signal levels expected in a GSM system for the investigated
frequency reuse. It shall be verified that the number of modelled
interferers is sufficient.

WAG6.1.4 | The timing of each BCCH carrier is assumed to be random and uniformly
distributed.

WAG.2 Except for what is stated in WA6.1, the definitions, assumptions and
metrics specified in subclause 5.3.4 of [1] shall be followed when
investigating network synchronization performance.

WA7 The impact of a tighter frequency reuse on random access performance
shall be investigated for both EC-EGPRS MS and legacy GPRS MS.
WA7.1 When evaluating random access performance, latency shall be referred to
as the Common Control Signaling Delay defined as the time from when
the device application triggers a first access request until a response with
a valid random reference has been received on (EC-)AGCH.

WA7.2 | The methodology in subclause 5.3.5 of [1] shall be followed for RACH
evaluation except for:

No BPL applied to legacy GPRS (see WA10)

BPL model 1 with inter-site correlation coefficient 0.5 applied to EC-
EGPRS (see WA11)

WAS8 The impact of a tighter frequency reuse on user data traffic performance
shall be investigated for both EC-EGPRS MS and legacy GPRS MS.
WA8.1 | The methodology in subclause 5.2.1 and 5.2.2 of [1] shall be followed for
data traffic capacity evaluation except for:

Only the traffic models MAR Periodic and Network Command shall be
used (see WA3 and WA3b)

No BPL applied to legacy GPRS (see WA10)

BPL model 1 with inter-site correlation coefficient 0.5 applied to EC-
EGPRS (see WA11)

WA8.2 | The methodology in subclause 5.3.2 and 5.3.3 of [1] shall be followed
when investigating user data traffic latency.

WA9 The impact of a tighter frequency reuse on cell reselection performance
shall be investigated for both EC-EGPRS MS and legacy GPRS MS.
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WA9.1 Cell reselection performance can either be investigated as part of the
evaluations of user data traffic performance (see WAS8) or as a separate
evaluation.

WA9.2 Cell reselection shall be based on realistic models of neighbor cell
measurements in idle mode and (legacy GPRS only) packet transfer
mode. The models shall be described together with presented simulation
results.

WAS9b The impact of interferers using blind physical layer transmissions should
be investigated when modeling synchronized networks.

WA10 No BPL is applied to GPRS.

WA11 BPL model 1 with inter-site correlation coefficient 0.5 of [1] is applied to
EC-EGPRS.

WA11lb | In network synchronization performance simulations with 100 % fraction
of legacy GPRS MS, an ISD of 7500 m shall be investigated in addition to
the ISD of ~1732 m.

WAllc | A MS antenna gain of 0 dBi shall be used for legacy GPRS MS.

The target device density per cell (=sector) is the same as in [1] (i.e.,
WA12 52547 devices per cell). This refers to the sum of legacy GPRS devices
and EC-EGPRS devices.

Different fractions of EC-EGPRS MS and GPRS MS will be investigated.
WA13 100 % fraction of legacy GPRS devices will be investigated. 0 % fraction
of legacy GPRS devices will be investigated.

In system capacity evaluations, a total protocol overhead of all protocols
below application layer and above SNDCP layer of 65 bytes is assumed.
Unless otherwise specified in other working assumptions, the simulation
assumptions in Annex C and Annex D of [1] shall be used for EC-EGPRS.
Unless otherwise specified in other working assumptions, the simulation
WA15 assumptions in Annex C and Annex D of [1] shall be used for legacy
GPRS.

WA13b

WA14

ZF.2 Simulator for Network synchronization evaluation

ZF.2.1 Tdoc reference
3GPP TSG GERAN WGL1 #70
GP-160272

Nanjing, P. R. China

23— 27t May, 2016

Source: Ericsson LM

Title: Simulator for investigation of GPRS & EC-EGPRS synchronization performance (update of GP-151123)

ZF.2.2 Introduction

The purpose of this discussion paper isto describe a new simulator dedicated to investigate (E)GPRS, and EC-GSM -
loT, network synchronization. The ability to configure TSC and BSIC plansis also described.

ZF.2.3 Simulator description

ZF.2.3.1 General

Inthe FS_IoT_LC SI synchronization performance was investigated in a sensitivity limited scenario to capture
performance at the coverage limit of the proposed candidate solutions. Results for EC-GSM-10T are captured under the
name EC-EGPRS in sub-clause 6.2.6.1 of TR 45.820 [1].
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The scope for the EC-GSM-IoT WI is expanded compared to the FS_1oT_LC Sl, in that performance in tight frequency
reuse isto beinvestigated. It is therefore expected that sensitivity limited simulationsis not sufficient to capture effects
expected on synchronization performance from interference due to tightening of the frequency reuse.

The EC-GSM-I0T/(E)GPRS link level simulator developed during the FS_1oT_L C Sl has therefore been integrated in a
network simulator where a full EC-GSM-IoT or GSM system can be configured and interference generated accordingly.
The simulator is designed to evaluate network synchronization performance. It can also be easily modified to evaluate
cell selection, as presented in GP-160270, Cell Selection Performance for (E)GPRS and EC-GSM-10T.

Since EC-GSM-10T is backwards compatible and expected to co-exist with GSM it is required to, in addition to
modelling EC-GSM-IloT performance, aso study legacy (E)GPRS performance. The simulator is capable of evaluating
both technol ogies.

ZF.2.3.2 Network configuration and plan

The simulator is capable of modelling the GSM/EC-GSM-10T BCCH layer, using a configurable frequency, normal burst
TSC and BSIC plan. Typically special importance is given to the frequency plan, but in this context also the BISC plan
is of high importance since the BSIC isthe cell identifier used at cell selection and synchronization.

Below isillustrated a BSIC and normal burst TSC plan, using 8 unique BSICs and TSCs, when a 1/3 frequency reuse
pattern is configured in a network consisting of 16 sites and 48 three sector cells. Each site is marked as a star (*) and
each frequency and BSIC pair is marked as fx,by where x and y denotes the assigned ARFCN and BSIC numbers. The
ARFCN is selected from the set {1,2,3} and the BSIC from the set {1,2,3,4,5,6,7,8}, using decimal encoding. The TSC
was selected from TSC set 1 and use same plan asthe BSIC.

It is worth to notice that both GSM and EC-GSM-10T uses a single Extended TSC on the SCH and a single Extended
TSC on the EC-SCH (see 3GPP TS 45.002). So the below TSC plan is only applicable on the normal bursts mapped on
the 51-multiframe structure of the BCCH carrier.
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Distance [m]

Figure ZF.2.3-1: Frequency, BSIC and TSC plan in a 1/3 frequency reuse network

Furthermore, to align with the work done during the FS_IoT_LC Sl the network wasin general configured in
accordance with the settings agreed for system level simulations captured in Table D.1. “ Assumptions for system level
simulations’ in TR 45.820. When legacy (E)GPRS performance was studied it should be noted that no Building
penetration loss (BPL) was modelled (see WA10 in Annex ZF.1), the MS antenna gain was set to 0 dBi (see WA1lcin
Annex ZF.1) and the cell radius was set to 577 or 2500 meter (see WA11b in Annex ZF.1).

ZF.2.3.3 Mapping and timing of logical channels
To mimic real network performance the simulator supports a correct mapping of the logical channels onto the BCCH

carrier 51-MF structure. Support for both GSM 51-MF containing the FCCH and SCH being mapped on Time slot 0
(TS) and the EC-GSM-IoT 51-MF containing e.g. the EC-SCH mapped on TS 1 isimplemented. The EC-CCCH/D on
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TS 1 was modelled as normal burst repeated twice to capture the EC-AGCH and EC-PACH Coverage Class 1 dual
burst blocks. See 3GPP TS 45.002 for a detailed description of the mapping of logical channels onto the 51-MF.

The starting frame number for each modelled BCCH carrier was selected randomly according to a uniform distribution.

ZF.2.3.4 Relevant range of coupling loss

Inthe FS_loT_LC Sl ainter site distance of 1732 meter, corresponding to acell radius of 577 meter, was modelled. When
combining the distance dependent path loss with shadow fading and building penetration loss (BPL), a Maximum
Coupling Loss (MCL) of 164 dB was targeted, and achieved with EC-GSM-loT.

When investigating impact on legacy devices it is assumed that BPL does not apply, and that the antennagainis set to O
dBi. Note that loss of 4 dB was assumed in the FS_loT_LC S| for EC-GSM-I0T devices due to the ultra-low cost and
small form factor. Asaresult the MCL achieved with a cell radius of 577 m will not reach the desired 144 dB. To model
the maximum coupling loss for legacy devices, the cell radiusisincreased to 2500 meter. This cell size gives a path loss
model that, when combined with alognormal shadow fading component with a standard deviation of 8 dB, will result in

roughly 0.5% of all devices being at 144 dB coupling loss or beyond. This provides a background and an explanation to
the agreed WA11b in Annex ZF.1.
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Figure ZF.2.3-1: Coupling loss at a cell radius of 2500 meters

ZF.2.3.5 Realistic interference model

In the simulator, a network islaid out according to the chosen configurations and a number of users are spread out over
the system. For each user, the best serving cell, as well asal neighboring interfering cells, are found. Co-channel, and
adjacent-channel (on both sides of the wanted signal) interferer types and levels are identified. For each user attempting
to synchronizeto a cell awanted signal and a set of interfering signals are generated which are al independently faded
and scaled with the applicable BS-to-M S gain (excluding fast fading). Thermal noise from the receiver is aso added to
the signal to model the radio environment as experienced by each user in the system. The signals are represented by an

oversampled 1Q trace, generated from a number of 51-multiframes (MF) with a frame structure according to the BCCH
carrier.

At most 2n-2 adjacent interferers are generated in the simulator, where n equals the number of clusters configured. The
number of co-channel interferersisat most n-1. To get sufficient statisticsit is useful to simulate a system containing at
least 9 clusters. In a9 cluster system up to eight co-channel, eight adj.-plus and eight adj.-minus interferers may exist.
Modelling al these interferers are however computational heavy, and make the simulation work impractical. It is hence
desirable to minimize the number of modelled interferers, while not sacrificing result accuracy.

Figure ZF.2.3-2 shows the overall DL SINR CDF for a 1/3 frequency reuse system built on nine clusters. Each curve
depictsthe total SINR taking the x strongest co-channel, x strongest adj.-plus, x strongest adj.-minus interferers and
thermal noise into account. It can be seen that modelling only the four strongest co-channel, four strongest adj.-plus,
four strongest adj.-minusinterferers have a small impact on the overall SINR characteristics. The median valueis e.g.
impacted less than 0.5 dB compared with modelling the eight strongest co-channels, eight strongest adj.-plus, and eight
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strongest adj.-minus interferers. At the important tail of the CDF approaching the lower SINR range the difference
between the curves diminish further.
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Figure ZF.2.3-2: DL SINR CDF for one to eight interferers modelled in a 1/3 reuse system

To evaluate the impact from the number of modelled interferers on actual network synchronization performance more
in detail, afull simulation was run. Again a 1/3 frequency reuse system was studied, where the number of modelled
interferers was varied. The system was configured in accordance with Annex D of TR 45.820 with the exception that
100% legacy (E)GPRS users was simulated meaning that BPL was turned off and M'S antenna gain was set to 0 dBi.
The cell radius was set to 2500 meter.

To compensate for the lossin interference energy, seenin figure ZF.2.3-2, when areduced set of interferers are
modelled an energy scaling of the modelled interferers was introduced so that the total energy remains unaffected by the

number of modelled interferers.

Figure ZF.2.3-3 depicts the time to synchronization for between one and six modelled interferers of each interferer type.
It can be seen that the results are fairly insensitive to the modelled number of interferers. It seemsto be the interfering
energy that is of highest relevance for the time until synchronization. This may be explained by the simple energy
detector used to detect presence of a FCCH burst. More detail s on the detector are given in sub-clause ZF.2.3.6.

Infigure ZF.2.3-3 and figure ZF.2.3-4, results for time and frequency error after FCCH detection is presented. Also
these results suggest that a reduced number of interferers can be modelled with limited and acceptable impact on

accuracy.
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Figure ZF.2.3-3: Time synchronization error in a 1/3 frequency reuse network, for variable number of

modelled interferers
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Figure ZF.2.3-4: Frequency synchronization error in a 1/3 frequency reuse network, for variable
number of modelled interferers

It can be noted that 5000 synchronization attempts was run when generating Figure 4, which explains the somewhat
unstable performance depicted.
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Figure ZF.2.3-5: Time to synchronization in a 1/3 frequency reuse network, for variable number of
modelled interferers (neighboring cells)

ZF.2.3.6 Receiver model

The EC-GSM-10T FCCH detector and EC-SCH decoder have been inherited from the studies performed during the
FS 1oT_LC Sl on EC-GSM-I0oT and captured in the TR 45.820 in sub-clause 6.2.6.1. EC-SCH performance is based on
the so called aternative EC-SCH design where the requirement on phase continuity has been removed. EC-SCH
support for the proposed Radio Frequency Colour Code (see e.g. GP-160292, “Introduction of Radio Frequency Colour
Code”) isimplemented.

The (E)GPRS FCCH detector isjust asthe EC-GSM-IoT version built around a FFT module computing the energy in
frequency bins of gradually finer granularity. To keep the computational complexity low the FFT isimplemented as a
sliding DFT working on afour times down sampled signal. To make the detector insensitive to path gain, and to follow
fading variations the energy in frequency f and burst b is calculated relative the energy in frequency f and burst n-1. If
thisrelative energy exceeds a configured threshold it is assumed a FCCH is found. A know offset to the closest SCH is
added, and the SCH is extracted and decoded. If the CRC fails, the search continues for the next FCCH instance.

The performance of the SCH decoder for aTU1.2 channel is presented below.
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Figure ZF.2.3-6: SCH TU1.2 performance in sensitivity limited scenario

Typica output from the simulator are time to first (EC-)SCH decoding, as depicted in figure ZF.2.3-5, and residual
frequency and time error, as depicted in figure ZF.2.3-3 and figure ZF.2.3-4, for legacy (E)GPRS devicesin a 1/3
frequency reuse scenario. The introduction of the BSIC plan aso allows for studying the likelihood of detecting and
synchronizing to sub-optimal cells configured with the same or a different BSIC as the optimal cell.

The false detection rate performance of the (E)GPRS receiver was a so investigated. In simulation with random input a
false detection rate of 9x10° was recorded for 25.000 iterations, where each iteration lasted two 51-multiframes.

ZF.2.4 Discussion and conclusions

This paper introduces a simulator dedicated to evaluation of (E)GPRS and EC-GSM-IoT network synchronization.
Typical output from the simulator are presented for a 1/3 frequency reuse network in a scenario where a device wakes
up and reconfirmsits FCCH and SCH.

The sourcing company believes this simulator serves as a good basis to model network synchronization proceduresin a
tight frequency reuse network, but also understands that the results presented are linked to the scenario investigated as
well as the FCCH detector implemented and the (EC-)SCH performance modelled.

It can finally be noted that the simulator was used to derive the synchronization and cell selection performance
presented in Annex ZF.5 for 1/3, 3/9 and 4/12 frequency reuse networks.

ZF.3 Simulator for Common control channel evaluation

ZF.3.1 Tdoc reference
3GPP TSG GERAN WG #66
GP-150435

Sofia Antipolis, France

25t — 28h May, 2015
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Source: Ericsson LM

Title: EC-GSM, Link modeling methodology for EC-RACH capacity evaluations (update of GPC150193)

ZF.3.2 General

Instead of using mapping tablesto model link performance as traditionally used in system level simulations, a
methodology is used where the link simulator isintegrated in the system, so that alink simulator object is used for each
radio link.

Effectively this can be seen as running thousands of parallel link level simulators, each with unique interferer profiles
per transmitted block.

ZF.3.3 Minimizing execution time

ZF.3.3.1 General

Significant increase in computational complexity is expected when comparing the use of alink level based
methodology compared to a mapping based methodology. Instead of basically handling afew scalars, and doing one or
more table look-up(s) per user, signals are modeled down to Q-sample level with channel propagation and
demodulation of each block.

Hence, some simplifications are used to speed up the simulation time. Some general description is also provided below
on interference modeling

ZF.3.3.2 Interferers

ZF.3.3.2.1 Interferer types

Only CCI (Co-Channel Interference) and first adj-channel interferer is modeled by the link simulator. Thus, any higher
order adj-channel interferers are discarded.

The interferer bursts are all modeled with random bits in the TSC symbol positions to model a non-synchronized
network. Also, thisistypically what is used in legacy L2S mapping procedures for GSM when generating the mapping
tables.

ZF.3.3.2.2  Minimum number of interferers

In asystem simulation there are typically a significant number of interferers experienced by each radio link. Due to the
frequency re-use of the system, interferers at longer distance to the receiver will generally have lower gains. How
different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performance is very
dependent on the receiver architecture.

In conventional L2S mappings all interferers are typically converted to a corresponding co-channel interferer power and
the L2S mapping only takes into account atotal interferer power. For more advanced receiver architectures, utilizing
e.g. some kind of interference suppression, this approximation is too coarse and the L2S mapping model need to be
extended with e.g. the number of interferers, type of interferers and relative power of the interferers.

By integrating the link level simulator in the system level simulator the problem of correctly capturing these effectsis
no longer a concern. However, modeling al interferersin a system will require unnecessary processing power without
adding value to the evaluation of the receiver performance.

The minimum number of interfering bursts that needs to be generated for each carrier burst is set to afixed number per
interfering class.

‘Class' is herereferring to any difference in Tx-characteristics between interferers and/or interferer types. Thus, an EC-
RACH CCI using a single transmission would be classified as a different class compared to a EC-RACH CCI using two
transmissions.

The minimum number used in the evaluations is set to three interferers per class.
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So, for example, one possible combination could be;

3{CClI,1Tx} +3{CCI,2Tx} +1{CCl,4Tx} +3{ACI+, 1 Tx} +3{ACI-,1Tx} + 1L{ACI-, 2Tx} = 14 interferers
modeled.

ZF.3.3.2.3 Requirement on modeled energy level

An additional requirement on the total interfering enery level in each classis also added. Thisisto ensure that at least a
certain amount of the energy in each classis modeled. Thiswould primarily ensure performance accuracy in cases
where the number of interferersis higher than the minimum number modeled and the interferers are at similar signal
levels. The reguirement of minimum modeled energy will also result in interferers with low energy to be discarded but
thetotal interfering level remain unchanged.

ZF.3.3.2.4 Conservation of energy

Both when limiting the interferers based on a fixed number and/or a requirement on modeled energy level it isaways
the momentary, faded energy level that is used.

Further, in order to conserve interferer energy the remaining interferers are scaled based on the residual interferer power
discarded per each class. Hence, no interference energy islost, only the number of signals used to model the
interference.

ZF.3.3.3 Oversampling

An oversampling rate of four has been used for evaluation of the link performance.

ZF.3.3.4 Pre-generation of bursts

To avoid the rather computational-heavy propagation of the radio channel of each user to each base station (thisis
needed for each carrier, but also for every interfering burst), pre-generation of bursts are used with the assumed channel
propagation profile (TU 1.2 km/h).

Since the EC-RACH isasingle block transmission (i.e. auser will only transmit one block and then turn to the CCCH
DL to look for an assignment), with atime interval in-between attempts that exceed the time coherency of TU1.2, the
generation of bursts will follow TU1.2 within arepetition interval, but a new channel realization is used between each
repetition interval.

ZF.3.3.5 Verification

ZF.3.3.5.1 General

Link level assumptions for the verification simulations are listed in table ZF.3.3-1.

Table ZF.3.3-1: Link level simulation assumptions

Parameter Value

Propagation condition TUl.2nFH

MCS EC-RACH, 11-bit access
EC-RACH, Normal burst 48-
bit access.

Impairments Typical Tx/Rx

# transmissions 1

Frames 100,000

Number of pre-generated bursts 100,200,500,1000

Min. interfering energy modeled 20%, 40%, 60%, 80%, 100%

Min. number of interferers modeled 1,2, 3

Seeds 20 different

Interferer scenarios used in the link level evaluation are described in table ZF.3.3-2.
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Table ZF.3.3-2: Interferer scenarios

Interferer Interfering Rel. power TSC
scenario signal level

CCI-X CCl1 0dB none

CCl 2 0dB none

ccl X 0dB none

ACI-X ACI 1 0dB none

ACI 2 0dB none

A(.:.I. X O.(.j.B n(l).r.1e

Theinterferer model used is mostly used to construct a pessimistic scenario for verification. It should be noted that due
to the methodol ogy used, any interference scenario will be correctly modeled, and hence thisis only to force aworst
case scenario in terms of evaluating the impact on the limitation of number of interferers used, and in thisregard, the
scenario with equal power of al interferers, and having all interferers of the same type, is the scenario most impacted by
the limitation.

All simulations are run with 20 different seeds when generating the bursts for the integrated link simulator. From the
outcome of the simulations, aroot mean square error is calculated to get an understanding of the modeling error caused
by the simplification seen.

ZF.3.3.5.2  Sensitivity limited performance

The sensitivity performance for different number of pre-generated bursts has been used to understand the impact on the
root mean square error (RMSE) introduced by the simplifications used.

As can be seen from figure ZF.3.3-1, using 1000 pre-generated bursts causes a RM SE of around 0.2 dB over the 20
seeds generated. Thisis seen as more than enough to model accurate EC-RACH performance, and hence is assumed to
be used in all system level simulations.
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Figure ZF.3.3-1: Sensitivity performance

ZF.3.3.5.3 Interference limited performance

For the interference scenarios, more diversity is collected within one simulation due to the interference diversity and
hence the conclusion from the sensitivity simulations of 1000 pre-generated framesis used in al simulations.

In figure ZF.3.3-2, CO-3 scenarios have been simulated for EC-RACH. Thisis considered to be aworst case scenario in
terms of the number of interferers needed to model correct link level performance. The structure of the interfering signal
is most impacted if the interfering levels are similar for the different interferers.
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The number of external co-channel interferers has been set to 3 and different requirements on minimum level of total
modeled signal energy have been scanned.

The reference performance is the true performance from the link level simulator.

In the figures the performance difference (y-axis) is compared at 10% EC-RACH BLER to the performance with no
limitation on interferers.
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Figure ZF.3.3-2: Different CO-interferers with one (top), and three (bottom) minimum number of
interferers assumed

As can be seen, the RM SE of the performance difference is very small.

Based on these results it is concluded that for system level simulations, the minimum number of interferers can safely
be set to 3, and the minimum modeled energy to 90 % in order to correctly model link performance. In the worst case
scenario considered here, this ensures a RM SE modeling error of around 0.1 dB for CCI, and 0.2 dB for ACI.

ZF.4 Simulator for Data traffic and control channel
performance

ZF.4.1 Tdoc reference

3GPP TSG GERAN WGL #67
GP-150762

Yinchuan, P. R. China

10t — 14", May, 2015

Source: Ericsson LM

Title: EC-GSM, Link modeling methodology for EC-PDTCH capacity evaluations (update of GPC150441)

ZF.4.2 Model

ZF.4.2.1 General

Thelink level performance is modeled by several mapping tables using a two-stage mapping.
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Figure ZF.4.2-1: Traditional mapping methodology for GSM

The first stage maps instantaneous SINR per burst to raw BER. Thiswill consider impairments of different kinds,
demodulator performance etc. Four instantaneous SINR values are collected for PS servicesin GERAN, representing
the four bursts of aradio block.

The second stage typically maps the mean and standard deviation of the raw BER values of the different bursts (four
burstsin case of aradio block) to a Block Error Rate Probability (BLEP). Thisisto reflect the impact of the channel
coding of the MCS. Typically one mapping is required per MCS.

ZF.4.2.2 Mapping tables

ZF.4.2.2.1 First stage mapping (SINR — BER)

The mapping tables used for the first stage mapping are based on single antenna performance. I mpairment models, e.g.
frequency offset, are used in the generation of the results. Since only one modulation type and one demodulator is
considered there is no multitude of mapping tables for this reason.

No separate mapping is used for repeated bursts (see how SINR is derived in this case in Section 3.3).
The mapping is done by linear interpolation of atabulated SINR to BER values from link level simulations.

Two different mappings are used; one to represent interference limited scenarios, and one for sensitivity limited
scenarios.

The different mapping tables are applied on a burst-by-burst basis. |.e. for a specific radio block, which consists of four
bursts, some of the bursts could be taken from the interference mapping, and some from the sensitivity mapping.

An 18 dB suppression of adjacent channel interference is assumed to arrive at a corresponding co-channel interference
level, in order to define SINR consistently. The same suppression is used in the system level simulations.

No specific interference suppression is used by the receiver, and hence no advanced mapping methodology with for
example domi nant-to-rest-of -interferer ratio is needed, as used for example in the SAIC study is heeded.
ZF.4.2.2.2 Second stage mapping (BER — BLEP)

The second stage mapping is generated per used MCS. That is, one mapping is generated for MCS-1, MCS-2, MCS-3
and MCS-4 respectively.

This mapping is only dependent on the input bit error rates (BER), and hence the BER from both the sensitivity and
interference limited first stage mapping is using the same second stage mapping.

To capture the impact on the error correction capabilities by the different code rates of the MCSs both the average BER
and the standard deviation of the BER over the four bursts are collected. A high standard deviation indicates more
diversity, and istypically favorable for MCSs with low enough code rate, while the opposite is true for MCSs with code
rate closeto 1.

ZF.4.2.2.3 Mapping choice
With these mappings figure ZF.4.2-1 can be expanded to what is shown in figure ZF.4.2-2.

In the first stage mapping the mapping table is chosen based on sensitivity or interference per burst and instantaneous
SINR value. In the second stage mapping, the mapping table is chosen based on the MCS used by the radio link.
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Figure ZF.4.2-2: L2S methodology and mapping selection

ZF.4.2.3 SINR handling

ZF.4.2.3.1 Blind repetition

In EC-GSM-IoT blind repetitions are performed when in extended coverage. At the receiver side, the blind repetitions
can be accumulated on 1Q level or on soft bit level. How the receiver handles the multiple repetitions being received is
implementation dependent. To model thisin a straightforward way the following approach is taken.

First, assume that the wanted signals are added coherently. Thisisthe case for the EC-GSM simulations that have so far
been provided within the study. The propagation channel is stationary/close to stationary during the IQ accumulation, so
that coherent accumulation can be performed. Thisimplies that the amplitudes of the signals are added, but the
interfering signal/noise are added in terms of their powers, here the interference/noise is represented by n. Assume
further that a weight can be put to the received signals when combined and that noise is limiting the performance. This
isshownineq. 1.

(k1S1+k252)%  _ (S1+752)?

SINR ;omp = = (1)

(keyny)2+(kanz)? n%+y2n3

The combined SINR is maximized when the derivative of eq 1isO.

d(SINRcomb) _

Seem) = 0 (2)

Thisgivestheresultin eq. 3.

r=(2)2@

nz/ S1

Insertion into eq 1 yields eg 4.

SINR a0y = 1Sv_11 +2(4)

2

Hence, the maximization of SINR occurs when the linear SINRSs are summarized.

It can be noted that for EC-GSM-IoT and coherent 1Q accumulation, s; and s, would be identical, and hence it isthe
ratio of interfering levelsthat is of importance for the signal combinations.
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Equation 4 is used to model the accumulation of 1Q samples and/or soft bits when using blind repetitions in the system
level simulator.

The model in Figure 1 has been modified to describe this aspect in Figure 3.

SINR
SINRgy,
Single N-1
> SINReoms = Z SINR, —
SINReg| | MRC 4

SINR; 1 BER; [—

SINR,

o]
L2S L2S BLOK
SINR, SINR - BER BER —» BLEP

SINR, —{ BER, |—

g

Figure ZF.4.2-3: SINR handling for MRC and blind repetition

ZF.4.2.3.2 MRC (uplink only)

Since the first stage mapping tables are based on single antenna performance, a conversion from single antenna SINR to
experienced SINR by the uplink MRC receiver is needed.

Thisis modeled by eq. 5.

S S
SINRygc = ——+ =2
I1+N  I+N

©)

ZF.4.3 Verification

The verification of the performance is only shown for UL sensitivity and multi-interference performance (DTS-2, see
3GPP TS 45.005). Other verification conditions can be found in the Tdoc reference, see subclause ZF.4.1.

ZF.4.3.1 Sensitivity

Infigure ZF.4.2-4 thelink level simulation (LLS) results are compared to the Link-to-system mapping approach. As can
be seen, the agreement is good with a difference of less than 0.4 dB.
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Figure ZF.4.2-4: Link Level Simulations (LLS) in sensitivity compared to Link-to-system mapping
(L2S)

ZF.4.3.2 Multi-interference (DTS-2)

In ZF.4.2-5 the performance of the multi-interferer case DTS-2 case is verified. For the worst case, lessthan 0.5 dB
difference is seen except for MCS-4 where the differenceislessthan 1 dB.
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Figure ZF.4.2-5: Link Level Simulations (LLS) in DTS-2 compared to Link-to-system mapping (L2S)

ZF.5 Results for Network synchronization evaluation
ZF.5.1 GPRS/EGPRS

ZF.5.1.0 Tdoc reference
3GPP TSG GERAN WG1 #70
GP-160269
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Nanjing, P. R. China
23— 27" May, 2016
Source: Ericsson LM

Title: Impact on network synchronization for GPRS/EGPRSin areduced BCCH spectrum allocation

ZF.5.1.1 Simulator configuration

The simulator was configured in accordance to the TR45.820 Annex D, and following the assumptions presented in
Annex ZF.1. Intotal four co-channel interferers and eight adjacent channel interferers were modelled. As only legacy
GPRS devices were investigated the following new settings are worth highlighting (see Annex ZF.1 for details behind
the assumptions):

- TheMSantennagain was set to 0 dBi .
- Building penetration loss was turned off.

- Thecell radius was set to 2500 meterl, to reach a desired Maximum Coupling Loss of 144 dB, or to 577 mto
follow the agreed working assumptions (see[2]).

- For each configuration afull simulation with in total ~25 000 synchronization attempts from users spread out
over the entire cell grid was simulated.

- The scenario modelled was a cell reconfirmation scenario, where stationary devices e.g. after waking up from
PSM or eDRX attemptsto re-confirm its earlier camped on cell. It was assumed that the earlier camped on cell
corresponds to the optimal cell from a path |oss perspective.

- Each device was configured to search during at most two 51-multiframes for an FCCH and SCH combination to
reconfirm the BSIC of the serving cell. If no SCH was decoded successfully within this search time the attempt
was registered as afailure.

A BSIC plan was configured as elaborated in Annex ZF.3.

ZF.5.1.2 Results

Figure 1 below depicts the total search time before SCH is decoded successfully, i.e. when the device is synchronized,
for 4/12, 3/9 and 1/3 reuse. Table ZF.5.1-1 presents the overall success rate and the 501" and 99" percentile times until
synchronization is achieved.

1 The Inter Site Distance (ISD) equals 7500 meters.
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Table ZF.5.1-1: Successful synchronization ratio and synchronization times at 2500 m cell radius

Reuse 4/12 3/9 1/3
Success rate 99.9 % 99.9 % 98.7 %
Synch time, 50t percentile 0.031s | 0.031s | 0.033s
Synch time, 99" percentile 0.093s | 0.123s | 0.321s
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Figure ZF.5.1-1: Total time to synchronization for 1/3, 3/9 and 4/12 frequency re-use.

Figure ZF.5.1-2 and figure ZF.5.1-3 depicts the residual frequency and time offset after FCCH detection, for devices
that successfully decoded the SCH. As seen the impact from going to tighter frequency reuse with respect to residual
frequency and time offset islimited for these devices. It shall be noted that the residual frequency and timing offset seen
in figure ZF.5.1-2 and figure ZF.5.1-3 represents the rough synchronization after FCCH only, and that further
refinementsin both frequency and time estimation will be done when acquiring the SCH.
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Figure ZF.5.1-2: Residual time offset after FCCH detection
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Figure ZF.5.1-3: Synchronization frequency error after FCCH detection

During the search for the serving cell FCCH and SCH a device may detect the FCCH from a neighboring cell and
successfully decode its SCH and read the BSIC. Figure ZF.5.1-4 depicts the likelihood of decoding neighboring cells
SCH and BSIC. Each device was configured to continue its search for the serving cell SCH upon detecting that the
decoded BSIC did not match the serving cell BSIC. Asaresult adevice may decode neighboring SCHs multiple times
before receiving the serving cell SCH and confirming its BSIC. Thisisillustrated in the below figure for the three
studied frequency reuses.
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Figure ZF.5.1-4: Likelihood of decoding the BSIC of a neighboring cell

In case a decoded neighboring SCH is configured with the same BSIC as the serving cell a device will not detect that it
has synchronized to new cell. This unwanted event is known as BSIC confusion. A BSIC plan based on eight unique
BSICs was configured for each reuse. The BSIC plan for the 1/3 frequency reuse isillustrated in Annex ZF.2. Table 2
presents the likelihood of BSIC confusion for each reuse. It can be concluded that even for this tight BSIC plan, BSIC
confusion is not an issue in case of stationary devices attempting to reconfirm the serving cell.

Table ZF.5.1-2: Likelihood of BSIC confusion

Reuse 4/12 3/9 1/3
Likelihood of BSIC confusion 0% 0% <0.1%

The performance was also evaluated for a cell radius of 577 m. The results are depicted in Table 3, and are comparable
with the results seen for a cell radius of 2500 m.
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Table ZF.5.1-3: Successful synchronization ratio and synchronization times at 577 m cell radius

Reuse 4/12 3/9 1/3
Success rate 100 % 99.9 % 98.8 %
Synch time, 50t percentile 0.031s | 0.031s | 0.033s
Synch time, 99" percentile 0.091s | 0.106s | 0.331s

Thelikelihood of decoding the BSIC of a neighboring cell, and for BSIC confusion, was more or lessidentical for cell
radiuses of 577 and 2500 m.
ZF.5.1.3 Discussion and conclusions

This contribution has investigated the impact on legacy (E)GPRS synchronization performance in frequency reuse
scenarios of 4/12, 3/9 and 1/3. The performance is as expected similar for 4/12 and 3/9 reuse. A clear impact on the total
time to decode the SCH is seen when going to 1/3 reuse. The performance is however convincing for al investigated
reuses, and indicate that legacy (E)GPRS device will be able to synchronize the a network also in case of a tight BCCH
spectrum allocation.

ZF.5.2 EC-GSM-loT

ZF.5.2.1 Tdoc reference
3GPP TSG GERAN WGL1 #70
GP-160271

Nanjing, P. R. China

23— 27t May, 2016

Source: Ericsson LM

Title: Impact on network synchronization for EC-GSM-I0T in a reduced BCCH spectrum allocation

ZF.5.2.2 Simulator configuration

The simulator was configured in accordance to the system simulation assumptions agreed in 3GPP TR 45.820 Annex D,
and following the assumptions presented in Annex ZF.1 on interference modelling.

The scenario modelled was a cell reconfirmation scenario, where stationary devices e.g. after waking up from PSM or
eDRX attemptsto re-confirm its earlier camped on cell. It was assumed that the earlier camped on cell correspondsto
the optimal cell from a path loss perspective.

The FCCH detector used to derive the results for EC-GSM in TR 45.820 was re-used during the simulations. The EC-
SCH receiver did not rely on 1Q combining, but performed soft combining between successive blind physical layer
transmissions of the EC-SCH.

Each device was configured to search during at most twelve 51-multiframes for an FCCH and EC-SCH combination. If
no EC-SCH was decoded successfully within this search time the attempt was registered as afailure. Thisisin line with
the assumptions used during earlier evaluations.

A BSIC plan was configured as elaborated upon in Annex ZF.2.

ZF.5.2.3 Results

Only results from devices successfully synchronizing within twelve 51-multiframes were recorded, and are presented in
the following. Table ZF.5.2-1 lists the recorded successful synchronization ratio for the three studied frequency reuses.
A high successrate is observed for all scenarios, and only a minor degradation is noticeable when going from 4/12 and
3/9 reuse to 1/3 reuse. The 50" and 99™ percentiles time until EC-SCH decoding, i.e. completed synchronization is also
presented in the table. It can be observed that a reduced BCCH spectrum allocation impacts the synchronization times.
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Table ZF.5.2-1: Successful synchronization ratio and synchronization times

Reuse 4/12 3/9 1/3
Success rate 100% 99.9% 99.2%
Synch time, 50t percentile 0.198s | 0.199s | 0.208s
Synch time, 99" percentile 0.664s | 0.709s 1411s
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Figure ZF.5.2-1: Total time to synchronization for 1/3, 3/9 and 4/12 frequency reuse

Figure ZF.5.2-2 and figure ZF.5.2-3 depicts the residual frequency and time offset after FCCH detection, for devices
that successfully decoded the EC-SCH. As seen the impact from going to tighter frequency reuse with respect to
residual frequency and timing error is very limited.
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Figure ZF.5.2-2: Synchronization time error after FCCH detection.
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Figure ZF.5.2-3: Synchronization frequency error after FCCH detection

In addition to the limited impact it should also be noticed that the above results were achieved already after the FCCH
detection. Frequency and time errors after EC-SCH decoding is expected to be even smaller than the results depicted
but were not recorded in this set of simulations.

During the search for the serving cell FCCH and EC-SCH a device may detect the FCCH from a neighboring cell and
successfully decode its EC-SCH and read the BSIC. Figure ZF.5.2-4 depicts the likelihood of decoding neighboring
cells EC-SCH and BSIC. Each device was configured to continue its search for the serving cell EC-SCH upon detecting
that the decoded BSIC did not match the serving cell BSIC. Asaresult a device may decode neighboring EC-SCHs
multiple times before receiving the serving cell EC-SCH and confirming its BSIC. Thisisillustrated in the below figure
for the three studied frequency reuses.
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Figure ZF.5.2-4: Likelihood of decoding the BSIC of a neighboring cell

In case adecoded neighboring EC-SCH is configured with the same BSIC as the serving cell adevice will not detect that
it has synchronized to new cell. This unwanted event is known as BSIC confusion. A BSIC plan based on eight unique
BSICs was configured for each reuse. The BSIC plan for the 1/3 frequency reuse isillustrated in Annex ZF.2. Table 2
presents the likelihood of BSIC confusion for each reuse. It can be concluded that even for this tight BSIC plan, BSIC
confusion is not an issue in case of stationary devices attempting to reconfirm the serving cell.

Table ZF.5.2-2: Likelihood of BSIC confusion

Reuse 4/12 3/9 1/3
Likelihood of BSIC confusion 0% 0% <0.1%
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ZF.5.2.4 Conclusions

This contribution has investigated the impact on EC-GSM-10T synchronization performance in frequency reuse
scenarios of 4/12, 3/9 and 1/3. The performance is as expected similar for 4/12 and 3/9 reuse. An impact on the ratio of
successful synchronization attempts as well as on the total time to decode the EC-SCH is seen when going to 1/3 reuse.
Thisindicates that a 1/3 frequency reuse may prove challenging for EC-GSM-IoT $till, the 99" percentile
synchronization time in case of 1/3 re-useis 1.4 sec implying that the system is still operable at this tight re-use factor.

ZF.6 Results for Common control channel evaluation

ZF.6.1 GPRS/EGPRS

ZF.6.1.1 Tdoc reference
3GPP TSG GERAN WGL1 #70
GP-160267

Nanjing, P. R. China

23— 27" May, 2016

Source: Ericsson LM

Title: Impact on common control channelsfor GPRS/EGPRS in areduced BCCH spectrum allocation
ZF.6.1.2 Assumptions

ZF.6.1.2.1 General

Applicable assumptionsin Annex ZF.1 were followed in the simulations.

ZF.6.1.2.2 Network synchronization

The interference situation modeled by the simulation is limited to timeslot synchronized network. This means AGCH /
RACH channels are both interfered by other CCCH channels, and PDTCH/PACCH interference in other cells.

ZF.6.1.2.3 BCCH Power Savings

BCCH power savings can be used to reduce interference on the BCCH frequency layer. With tighter BCCH frequency
re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction
and selections of what timeslots and channels it should be applied to. For the simulator a simple implementation for
BCCH PS was used with a reduction of 6 dB for 60% of the dummy bursts transmitted on the CCCH DL. I.e. no power
control was applied to Immediate Assignment messages. The choice not to down-regulate all dummy bursts on the
CCCH isto aso include a more highly loaded network where not only AGCH but also PCH would be transmitted
(assumed to be not power regulated).

ZF.6.1.3.4 Frequency planning

The frequency planning simulated have been based on regular re-use clustersin a4/12, 3/9, and 1/3 re-use.
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ZF.6.1.4 Simulations

ZF.6.1.4.1 Simulation assumptions

The system level simulation assumptionsin Annex ZF.1 have been followed. Other specific assumptions are shown in
Table ZF.6.1.4.1.1-1.

ZF.6.1.4.1.1 System parameters

Table ZF.6.1-1: Simulation assumptions, in addition to Annex ZF.1

Parameter Value

Number of re-use clusters 4/12, 3/9 has used 9 clusters.
1/3 has used 36 clusters.

Direction UL and DL

Freqguency band 900 MHz

Layer BCCH

Frequency re-use 4/12,3/9,1/3 with regular frequency
planning

BTS antenna diversity MRC

BTS output power 43 dBm

Cell radius 577.33 m

MTC arrival rate per cell and second 5.4

Maximum attempts on EC-RACH per 6

system access attempt

Power control, DL 6 dB DL on 60% of dummy bursts.

Power control, UL None

Device output power 33 dBm

BPL model None

RACH parameters S=109, T=5

ZF.6.1.5 Results

The results presented are:

- Resource Usage

- Average amount of bursts used per user, including al transmissions per system access attempt.
- Common control signaling delay

- Thedelay includes time from initial RACH transmission to areceived matching I mmediate Assignment.
- Failed attempts

- Thisrepresents the percentage of the attempts that were not successful, after the maximum attempts.

ZF.6.1.5.1 Resource Usage

The resource usage in terms of burstsis shown in Table ZF.6.1-2.

Table ZF.6.1-2: Resource Usage for the downlink and uplink, 33 dBm

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 4.0 1.0
9 4.0 1.0
3 4.6 1.2

As can be seen, the difference between 12 and 9 re-use is not visible, while the change from a9 re-use factor to a3 re-
use factor has a clearly visible impact on the results.
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ZF.6.1.5.2 Common control channel delay

In Figure ZF.6.1-1the common control channel delay is shown. As can be seen, 95% of the users experience |ower
delay than 50 msin al cases.
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Figure ZF.6.1-1: Common Control Signaling Delay, 33 dBm

ZF.6.1.5.3 Failed Attempts

The overall failed attempts are in al simulations well below 0.1%, but to avoid the risk of not running too long
simulations to come up with a number with enough statistical significance, it can safely be assumed that less than 0.1%
of the system access attempts fail.

ZF.6.1.6 Discussion

The paper has investigated the performance of the CCCH in atight BCCH re-use scenario. Frequency re-use factors
from 12, 9 and 3 has been investigated using a regular frequency re-use cluster deployment.

BCCH power savings has been applied, but only on dummy bursts transmitted on the CCCH, and down-regulation has
only been allowed in 60% of the bursts. Thisisto model a higher load on the CCCH, considering also for example PCH
traffic would be present in areal network deployment.

ZF.6.1.7 Conclusions

The paper has investigated the impact on the CCCH in atight BCCH spectrum. The results are encouraging showing
extremely low failed rates even in a very tight re-use pattern. The resource usage is increased by roughly 20% when
going from 12 to 3 in frequency re-use. The overall common control signaling delay is slightly increased, as expected,
but still the 95 percentile is around 50 ms for al cases

ZF.6.2 EC-GSM-loT

ZF.6.2.1 Tdoc reference
3GPP TSG GERAN WG1 #70
GP-160268

Nanjing, P. R. China

231 27" May, 2016
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Source: Ericsson LM

Title: Impact on common control channelsfor EC-GSM-10T in areduced BCCH spectrum allocation
ZF.6.2.2 Assumptions

ZF.6.2.2.1 Link model

Thelink level model used in the simulator is described in Annex ZF3.

ZF.6.2.2.2 Blind transmissions
The blind transmissions used in the simulations are those used in 3GPP TS 45.003 see table ZF.6.2-1.

Table ZF.6.2-1: Blind transmissions

Logical channel Coverage Class
[CC1, CC2, CC3, CC4]
EC-AGCH [1,8,16,32]
EC-RACH [1,4,16,48]

ZF.6.2.2.3 Network synchronization

The interference situation modeled by the simulation is limited to timeslot synchronized network. This means EC-
AGCH / EC-RACH channels are both interfered by other EC-CCCH channels, and EC-PDTCH/EC-PACCH
interference in other cells.

ZF.6.2.2.4 Coverage class adaptation

Coverage class adaptation has been applied as described in 3GPP TS 44.018 with two failed attempts before adaptation
of the coverage classis allowed. At most two incrementsin CC from the initially estimated class are allowed.

ZF.6.2.2.5 BCCH Power Savings

BCCH power savings can be used to reduce interference on the BCCH frequency layer. With tighter BCCH frequency
re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction
and selections of what timeslots and channels it should be applied to. For the simulator a simple implementation for
BCCH PS was used with areduction of 6 dB for 60% of the dummy bursts transmitted on the EC-CCCH DL. |.e. no
power control was applied to Immediate Assignment messages. The choice not to down-regulate all dummy bursts on
the EC-CCCH isto aso include amore highly loaded network where not only EC-AGCH but also EC-PCH would be
transmitted (assumed to be not power regulated).

ZF.6.2.2.6 Frequency planning

The frequency planning simulated have been based on regular re-use clustersin a4/12, 3/9, and 1/3 re-use.

ZF.6.2.3 Simulations

ZF.6.2.3.1 Simulation assumptions

The system level simulation assumptionsin Annex ZF.1 have been followed. Other specific assumptions are shown in
table ZF.6.2-2.
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System parameters
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Table ZF.6.2-2: Simulation assumptions, in addition to Annex ZF.1

Parameter Value

Number of re-use clusters 9

Direction UL and DL

Frequency band 900 MHz

Layer BCCH

Frequency re-use 4/12,3/9,1/3 with regular frequency
planning

BTS antenna diversity MRC

BTS output power 43 dBm

Cell radius 577.33 m

MTC arrival rate per cell and second 6.8

EC-RACH mapping 2 TS, EC-RACH

Coverage class adaptation See section ZF.6.2.3

Interference EC-CCCH

External interference from EC-PDTCH, EC-
PACCH according to load in Annex ZF.7

Maximum attempts on EC-RACH per
system access attempt

6

Power control, DL

6 dB DL on 60% of dummy bursts.

Power control, UL

As described in 3GPP TS 45.008 with
target received power level of -105 dBm

Device output power

23 dBm or 33 dBm

BPL model

Model 1, inter-site correlation 0.5

ZF.6.2.4 Results

ZF.6.24.1

General

The results presented are:

ZF.6.2.4.2

Resource Usage

- Average amount of bursts used per user, including all transmissions per system access attempt.

- % of total resources available used on one TS where EC-CCCH is mapped

Common control signaling delay

- Thedelay includes time from initial EC-RACH transmission to areceived matching | mmediate Assignment.

Failed attempts

- Thisrepresents the percentage of the attempts that were not successful, after the maximum attempts.

Coverage class distribution

- This shows the % of devices ending up in different coverage classes for 33 dBm and 23 dBm devices
respectively, with the coverage class thresholds used in the simulations for the respective frequency re-use

factor.

Resource Usage

The resource usage in terms of burstsis shown in table ZF.6.2-3 and table ZF.6.2-4.
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Table ZF.6.2-3: Resource Usage for the downlink and uplink, 33 dBm
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BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 2.3 1.1
9 2.3 1.1
3 3.3 1.3

Table ZF.6.2-4. Resource Usage for the downlink and uplink, 23 dBm

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 2.3 1.7
9 2.3 1.8
3 3.3 2.6

As can be seen, the difference between 12 and 9 re-useis quite small, or not visible, while the change from a9 re-use
factor to a 3 re-use factor has a rather large relative impact on the results on the DL, and for 23 dBm devices on the UL.
The reason that the resource usage isincreased on the DL is due to the BCCH layer transmitting constantly on all
resources. Using power savings on the BCCH layer up to 6 dB helps, but the overall interference situation still reflects a
rather highly loaded system. On the UL, the requirement on constant transmission does not exist, but for 23 dBm
devices, more would have to use repetitions to reach the network, which increases resources usage. still, it should be
noted that the out of coverage level is not different for 33 dBm devices and 23 dBm devices, implying that 23 dBm
devices can cope with the network deployment, even if resource usage is significantly increased compared to the 33
dBm device deployment.

In table ZF.6.2-5 and table ZF.6.2-6 the same figures are shown expressed as percent of total resources available on one
TS EC-CCCH (in total up to 36 bursts out of the 51 in the multiframe can be used for EC-AGCH).

For example, for aresources usage of 2.3 bursts, and with an arrival rate of 6.8 users/s, the total number of bursts used
for EC-AGCH per second is on average 15.64, and hence the percent of EC-CCCH resources used is
15.64/(13/3.060*36) = 10.2%.

Table ZF.6.2-5: % of total resource for EC-CCCH occupied, 33 dBm

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]?
12 10.2% 3.5%
9 10.2% 3.5%
3 14.7% 4.1%

Table ZF.6.2-6: % of total resource for EC-CCCH occupied, 23 dBm

BCCH Resource usage Resource usage
Re-use DL [#bursts] UL [#bursts]
12 10.2% 5.3%
9 10.2% 5.6%
3 14.7% 8.2%

It can be seen that there is somewhat higher load on the DL EC-CCCH resources than on the UL. Also, EC-PCH load
will add to the overall EC-CCCH/DL load. Still, theload visible is at rather moderate levels, and considering the EC-
RACH channel being of dlotted ALOHA design, an as high resource usage as on the DL would not be expected in a
well operated system. Also, there will be collisions on the EC-RACH channel, which is not taken into account by the
calculations above. Hence, if determining the amount of resources being occupied by one or more access bursts, the
figuresin the table above would be lower than presented.

2 NOTEL: Considering that the EC-RACH is based on slotted ALOHA, the resource usage per user cannot directly be
tranglated to overall resource usage. Hence, the estimate should be considered an upper limit (in case no collisions
occeur)
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ZF.6.2.4.3 Common control channel delay

Infigure ZF.6.2-1 the delay seen on the common control channel is presented for both simulated cases of 100% 33 dBm
MS penetration and 100% 23 dBm M S penetration. As can be seen, 95% of the users experience lower delay than 100
msin al cases, except for 3-re-use where the 95 percentile is around 500 ms. The reason for the longer delay in the 23
dBm case isthat these MS are generally in higher CCsto compensate for the reduced output power, which implies
longer transmission times and response waiting times. Also, in these simulations, even if 23 dBm devices are placed at
higher CL than 154 dB, they have not been excluded from the simulations, which implies that they could take up a
proportionally higher amount of resources, and also contribute to a proportionally higher delay than if excluded from
network access.

3 re-use, 33 dBm
9 re-use, 33 dBm
12 re-use, 33 dBm
----- 3re-use, 23 dBm
0.75 S| e —— 9 re-use, 23 dBm
12 re-use, 23 dBm

0.8

CDF
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0 05 1 15 2 2.5 3
Delay distribution [s]

Figure ZF.6.2-1: Common Control Signaling Delay

ZF.6.2.4.4 Failed Attempts
The overall failed attempts are in all simulations well below 0.1%, but to avoid the risk of not running too long

simulations to come up with a number with enough statistical significance, it can safely be assumed that less than 0.1%
of the system access attempts fail.

ZF.6.2.4.5 Coverage class distribution

The coverage class distribution for the regular planner is shown in Table 7 and Table 8.

Table ZF.6.2-7: Coverage class distribution on UL for 33 dBm /23 dBm [%]

BCCH Re-use CC1 cc2 CC3 CC4
12 99.5/94.6 0.4/4.0 0.1/0.8 <0.1/0.7
9 99.4/94.0 05/4.4 0.1/0.9 <0.1/0.8
3 99.1/93.0 0.7/4.9 01/1.1 <0.1/1.0

Table ZF.6.2-8: Coverage class distribution on DL for 33 dBm /23 dBm

BCCH Re-use CC1 cc2 CC3 CC4
12 98.7/98.8 1.2/11 0.1/0.1 <0.1/<0.1
9 98.4/98.5 1.4/13 0.2/0.1 <0.1/<0.1
3 95.6 /95.8 3.1/3.1 13/1.2 <0.1/<0.1
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ZF.6.2.5 Discussion

The paper has investigated the performance of the EC-CCCH in atight BCCH re-use scenario. Frequency re-use factors
from 12, 9 and 3 has been investigated using a regular frequency re-use cluster deployment.

One can note from the results that the failed rate is extremely low, indicating that a more aggressive system setting in
specifically the CC thresholds could be applied resulting in less resources used by the EC-CCCH.

BCCH power savings has been applied, but only on dummy bursts transmitted on the EC-CCCH, and down-regulation
has only been allowed in 60% of the bursts. Thisisto model a higher load on the EC-CCCH, considering also for
example EC-PCH traffic would be present in areal network deployment.

The simulations have assumed atimeslot synchronized network meaning that EC-PDTCH and EC-PACCH, as well as,
EC-CCCH interfering signals are modeled. The load on EC-PDTCH and EC-PACCH is aligned with what is seenin
Annex ZF.7.

ZF.6.2.6 Conclusions

The paper has investigated the impact on the EC-CCCH in atight BCCH spectrum. The results are encouraging
showing extremely low failed rates even in avery tight re-use pattern. The resource usage isincreased by roughly 40%
when going from 12 to 3 in frequency re-use. The overall common control signaling delay is increased, as expected, but
till the 95 percentileis around 0.1 sec for all cases, except for re-use 3 where the 95 percentile delay increaseto 0.5 s.

ZF.7 Results for Data traffic and control channel
evaluation

ZF.7.1 GPRS/EGPRS

ZF.7.1.1 Tdoc reference
3GPP TSG GERAN #70

GP-160265

Nanjing, China

23rd- 27th May, 2016

Source: Ericsson LM

Title: Impact on PDCH for GPRS/EGPRS in areduced BCCH spectrum allocation (update of GP-160039)
ZF.7.1.2 Assumptions

ZF.7.1.2.1 Traffic generation

MTC traffic is generated according to ‘ Global traffic model for MTC traffic of legacy GPRS', see Annex ZF.1. It could
be noted that with the aggressive model approach chosen, the load in the network will increase compared to the |0T
model previoudly used in the study by around 40 % on the UL.

ZF.7.1.2.2 RACH interference

Interference from RACH has been modelled. The power reduction on RACH introduced in GERAN Rel-11 is assumed
not to be supported by the M Ss, and hence full power is used on the RACH channel.
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ZF.7.1.2.3 BCCH Power Savings

BCCH power savings can be used to reduce interference on the BCCH frequency layer. With tighter BCCH frequency
re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction
and selections of what timeslots and channels it should be applied to. For simulator implementation, asimple
implementation for BCCH power savings was used with areduction of 6 dB for timeslots not used for PDTCH or
PACCH. In case PDTCH or PACCH are used on the DL, no power regulation is used. Timeslots TS0 (carrying BCCH,
FCCH, SCH, CCCH) and TS1 (carrying EC-BCCH, EC-CCCH, EC-SCH) are excluded from BCCH Power Savings.

ZF.7.1.3 Simulations

ZF.7.1.3.1 Simulation assumptions

The system level simulation assumptionsin Annex ZF.1 have been followed. Other specific assumptions are shown in
Table ZF.7.1-1.
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ZF.7.1.3.1.1 System parameters

Table ZF.7.1-1: Simulation assumptions, in addition to Annex ZF.1

Parameter Value
General
Simulation time 100 s
System size 108 cells
(all frequency re-uses)
Direction UL and DL
Frequency band 900 MHz
Layer BCCH
Frequency re-use 12,9and 3
BTS antenna diversity MRC
BTS output power 43 dBm
Cell radius 577.33m
Legacy GPRS MTC parameters
PDTCH timeslots per cell 7 PDCH?
Legacy GPRS MTC arrival rate per cell and 5.4 (100%) 2
second
Coding schemes CS-1
GPRS L2S model Approximated by EGPRS L2S (MCS-1)
without incremental redundancy, see
Annex ZF.4
Minimum delay between subsequent 1 radio block
transmissions on PDTCH and PACCH
Incremental Redundancy Off
Power control DL:
- Off
- Power savings 6 dB if nothing to transmit
on BCCH TS2-TS7.
UL:
- On (3 re-use) / Off (9 and 12 re-use)
- Closed-loop PC based on estimated
power level on RACH with power
regulation starting at a received signal level
of -70 dBm, using a down-regulation of at
most 16 dB
IP header compression Off
Device output power 33 dBm (100%)
BPL model No BPL applied
Device timeout 20 seconds

NOTE 1: The system simulator uses a network wide timeslot alignment with a random
timeslot offset between cells.

NOTE 2: Aggregated total event intensity on UL and DL. The traffic model and packet
sizes are implemented as suggested in Annex ZF.1. 5.4 transfers per cell and
second corresponds to sum of the 1.39 events/cell/s DL and 4.03 events/cell/s
DL.

ZF.7.1.3.1.2 Cell selection and coding scheme selection

Cell selection was based on the calculated path gain and aN(0,2) dB measurement error. All devices are stationary in
the simulations so there will be no cell re-selection.

In the simulations, no link adaptation was used. Instead, the coding scheme was always selected to CS-1 and remai ned
the same throughout the duration of the TBF.

ZF.7.1.3.1.3 Control signaling

Packet uplink ACK/NACK (PUAN) is sent on PACCH/D to (negatively) acknowledge data sent in the UL, as well as
Packet downlink ACK/NACK (PDAN) sent on PACCH/U to (negatively) acknowledge data sent on the DL. In the
simulationsits performance is modeled with EGPRS MCS-1. If aPUAN/PDAN is unsuccessfully received, the negative

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 390 ETSI TR 145 050 V14.0.0 (2017-04)

acknowledged blocks will not be transmitted. In the UL this means that the allocated MS will not transmit anything, but
the radio block resources are consumed, and, on the DL the BTS will not be able to schedul e retransmissions.

ZF.7.1.3.1.4 Simulated scenarios

Table ZF.7.1-2 summarizes the simulated scenarios and clarifies the legends in the figures presented in section
ZF.7.1.4.2. No explicit frequency planning effort has been made and the simulations only use regular repeatable cluster
re-use patterns.

Table ZF.7.1-2: Simulated scenarios

Legend text BCCH Frequency planning
Re-use

Re-use =12 12 4/12 cluster re-use pattern

Re-use =9 9 3/9 cluster re-use pattern

Re-use =3 3 1/3 cluster re-use pattern

ZF.7.1.3.2 Results
The results presented are:
- Resource (TS) Usage (section ZF.7.1.3.2.1)

- Thisrepresents the average amount of PDTCH DL and UL TS resources required per cell in the system, for
the different scenarios, see Table ZF.7.1-3.

- Latency of Uplink Transmissions (section ZF.7.1.3.2.2)
- Thelatency includes timeto transfer the message.

- Theresults are presented as CDFs of the delay at the target traffic load (5.4 users per cell and second), see
Figure ZF.7.1-1.

- Failed attempts are not included in the statistics (following the agreed methodol ogy).
- Latency of Downlink Transmissions (section ZF.7.1.3.2.3)

- Thelatency includes time to transfer the message The results are presented as CDFs of the delay at the target
traffic load (5.4 users per cell and second), see Figure ZF.7.1-2.

- Failed attempts (section ZF.7.1.3.2.4)

- Thisrepresents the percentage of the attempts that were not successful, i.e. did not manage to get the report
through during 20 seconds.

- Capacity (section ZF.7.1.3.2.5)

- Capacity is defined as “ spectral efficiency in number of reports/200 kHz/hour” . Results are shown in Table
ZF.7.1-5.

ZF.7.1.3.2.1 Time Slot Usage

The TS Usage is shown in Table ZF.7.1-3 for the downlink and uplink respectively. On the downlink, the TS Usage
increases with roughly 12% from 0.26 to 0.29 when the re-use is changed from 9 to 3, and on the UL with 2%.

Table ZF.7.1-3: TS Usage for the downlink and uplink

BCCH TS usage DL [#TS] TS usage UL [#TS]
Re-use

12 0.26 0.89

9 0.26 0.89

3 0.29 0.91
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For the uplink, the TS Utilization also increases only marginally from 0.89 to 0.91 when the re-use is changed from 9 to
3.

ZF.7.1.3.2.2 Latency of Uplink Transmissions

The latency of Uplink transmissions is represented by the latency of the data transfer, i.e. the common control signaling
delay isnot included. A few users will experience an increased delay as seen in Figure ZF.7.1-1. The delays are
increasing with tighter frequency re-use.

Uplink Transmission Delay
100

=

9l | ; ! J
985 b : : R

98 - ? .

CDF [%]

975

Re-use = 3

55’ I i I I I I i I I
0

5 6
Delay distribution [s]

Figure ZF.7.1-1: Uplink Transmission Delay
The “knees’ in the distribution are due to the three different packet sizes used in the traffic model. In the figure only the

impact from the two biggest packet sizes can be seen, but there isalso asmall “knee” just below 30% for the smallest
packet size.

ZF.7.1.3.2.3 Latency of Downlink Transmissions

A few users will experience an increased delay as seen in Figure ZF.7.1-2. Also in this case, the delay isincreased with
tighter frequency re-use.

Downlink Transmission Delay
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Figure ZF.7.1-2: Downlink Transmission Delay
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ZF.7.1.3.2.4 Failed Attempts

At the traffic load 5.4 events per cell and second, the percentage of failed attempts (i.e., the report did not get delivered
within 20 seconds) is found to be 0 % in the 12, 9 and 3 re-use scenarios. Failed attempts are shown in Table ZF.7.1-4.

Table ZF.7.1-4: Failed attempts

BCCH Re-use Failed attempts [%]
12 0
9 0
3 0

ZF.7.1.3.2.5 Capacity

In 3GPP TR 45.820 the capacity is defined as “ spectral efficiency in number of reports/200 kHz/hour”. This definition
is made with astandalone CloT system in mind. The system in this evaluation serves only one traffic type (MTC
traffic), but the event intensities and packet sizes differ on the downlink and uplink. On the downlink all packet sizes
are the same (45 bytes), and have the intensity of 1.4 reports per sector and second. On the uplink the packet sizes are
‘randomly’ picked from 40, 150 or 1200 bytes and have the intensity of 3 reports per sector and second. Due to the mix
of packet sizes and different intensities on uplink and downlink the capacity definition may be less meaningful, but
anyway an attempt has been made to present the capacity for the combined intensity of 5.4 reports per sector and
second. It should be noted that the measure is not really a capacity measure since it does not reflect the capacity limit of
the system but rather at an assumed fixed |oad.

Capacity is here calculated as
(#sent reports per sector per hour)* (1 - failed attempts)/reuse

The capacity is shown in Table ZF.7.1-5 for the simulated scenarios.

Table ZF.7.1-5: Capacity

BCCH Capacity
Re-use [reports/200kHz/hour]
12 1620
9 2160
3 6480

As can be seen from the table, the 3-reuse scenario has three times higher capacity than the 9-reuse scenario, as
expected considering the change in re-use factor, and the fact that no reports fails to be delivered.

ZF.7.1.4 Discussion and conclusions

This paper shows that legacy MTC services may be accommodated on as low BCCH spectrum allocations as 600 kHz
with avery marginal increase in TS utilization compared to 1.8 MHz. The transmission delays are increased for some
devices; the effect is however rather small compared to the 67% reduction of the required frequency spectrum,

corresponding to three times the spectral efficiency. For the 600 kHz spectrum allocation, the network interference
levels may need to be controlled by efficient GPRS/EGPRS M S power control settings and BCCH Power Savings.

ZF. 7.2 EC-GSM-loT

ZF.7.2.1 Assumptions

ZF.7.2.1.1 Traffic generation

MTC traffic is generated according to the MAR periodic reporting and Network Command traffic modelsin 3GPP TR
45.820. The split between these is 80 % MAR periodic and 20 % Network command.
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ZF.7.2.1.2 EC-RACH interference

Interference from EC-RACH without power control has been modelled.

ZF.7.2.1.3 BCCH Power Savings

BCCH power savings can be used to reduce interference on the BCCH frequency layer. With tighter BCCH frequency
re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction
and selections of what timeslots and channels it should be applied to. For simulator implementation a simple

implementation for BCCH PS was used with areduction of 6 dB for timeslots not used for EC-PDTCH or EC-PACCH.

ZF.7.2.1.4 Uplink Power Backoff

A power backoff of maximum 4 dB is used on EC-PDTCH and EC-PACCH in uplink. This power regulation is based
on signal strength measurements. It is worth to note the following:

- The applied model follows the information provided in the EC-EGPRS CHANNEL REQUEST, see 3GPP TS
44.018.

ZF.7.2.2 Simulations

ZF.7.2.2.1 Simulation assumptions

The system level simulation assumptionsin Annex ZF.1 have been followed. Other specific assumptions are shown in
Table ZF.7.2-1.
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Table ZF.7.2-1: Simulation assumptions, in addition to Annex ZF.1

Parameter Value
General
Simulation time 100 s
System size 108 cells
(all frequency re-uses)
Direction UL and DL
Freqguency band 900 MHz
Layer BCCH
Frequency re-use 4/12, 3/9, 1/3
BTS antenna diversity MRC
BTS output power 43 dBm
Cell radius 577.33 m
EC-GSM-loT MTC parameters
Number of repetitions 1,4,8and 16

EC-PDTCH timeslots per cell

6 PDCH(note 1)

EC-GSM-loT MTC arrival rate
per cell and second

6.8 (100%)(note 2)

Fixed UL allocation

On

BT Threshold DL

-92, -101 and -103 dBm for carrier CC DL

9 dB for SINR CC DL

X 3 and 6 dB
(DL_Signal_Strength_Step_Size
used in the channel request)
BT Threshold_UL -101 dBm
Coding schemes in DL MCS-1, MCS-2, MCS-3 and MCS-4
Coding scheme in UL MCS-1

EGPRS L2S model

Approximated by EGPRS L2S (MCS-1) with IR on
the UL and without IR on the DL, see Annex ZF.4

Minimum delay between
subsequent transmissions on
EC-PDTCH and EC-PACCH

1 radio block

Incremental Redundancy On (UL)
Off (DL)
Power control UL
- Off.

- Power savings 6 dB DL if nothing to transmit on
BCCH TS2-TS7.

DL:

-On

-0, 2 and 4 dB for EC-PDTCH/U and EC-PACCH/U
depending on content of channel request

ZF.7.2.2.1.2

NOTE 1: The system simulator uses a network wide timeslot alignment with a random
timeslot offset between cells.

NOTE 2:

Derived from traffic models in 3GPP TR 45.820. 6.8 reports/commands per

cell and second corresponds to the targeted number of devices per sector in

the study.

Cell selection and uplink coverage class selection

ETSI TR 145 050 V14.0.0 (2017-04)

Cell selection and uplink coverage class selection was based on carrier measurements according to the simulator model
in Annex ZF.9 taking 5 samples per measured cell over 5 seconds.

No cell re-selection has been modeled. The users arrive in the system, perform measurements in idle mode to select a
cell to camp on, and then connect to the network. As per the EC-GSM-loT specification, no measurements for cell
reselection are performed in packet transfer mode (PTM), and consequently no cell reselection is performed in PTM.
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Downlink coverage class selection and coding scheme selection

Downlink coverage class selection was based on either SINR or carrier measurements according to the model in Annex
ZF.9 taking 5 samples per measured cell over 5 seconds. The BT_Threshold_DL and X used for the simulations are
reported in Table ZF.7.2-2.

Table ZF.7.2-2: BT_Threshold_DL and X for Carrier and SINR CC DL.

Carrier CC DL SINR CC DL
BCCH re-use BT_Threshold_DL X BT_Threshold_UL X
[dBm] [dB] [dB] [dB
4/12 re-use -103 6 9 3
3/9 re-use -101 6 9 3
1/3 re-use -92 6 9 3

In the simulations no link adaptation was used. Instead the coding scheme was intially selected to MCS-1, MCS-2,
MCS-3 or MCS-4 depending on the measured SINR or carrier value reported in the EC-EGPRS CHANNEL REQUEST
by the M S, see 3GPP TS 44.018, and remained the same throughout the duration of the EC TBF. The MCS choice for
carrier based and SINR based downlink coverage class selection are reported in Table ZF.7.2-3 and Table ZF.7.2-4
respectively and are based on the “DL Coverage Class’ field reported by the MS in the channel request. Thisis a 3-bit
field and hence 8 different code points can be communicated. The code points for the DL Coverage Class field are
referred to as“CC CP”.

Table ZF.7.2-3: MCS choice for carrier based downlink coverage class selection.

CCCP 0 1 2 3 4 5 6 7
4/12 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 4
3/9 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 4
1/3 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 3 MCS 4

Table ZF.7.2-4: MCS choice for carrier based downlink coverage class selection.

cccp 0 1 2 3 4 5 6 7
4/12 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 4 MCS 4
3/9 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 4 MCS 4
1/3 re-use MCS 1 MCS 1 MCS 1 MCS 1 MCS 1 MCS 2 MCS 3 MCS 4

ZF.7.2.2.1.4 Control signaling

Packet uplink ACK/NACK (PUAN) is sent on EC-PACCH/D to (negatively) acknowledge data sent in the UL and
assign fixed allocations to the MS. If a PUAN is unsuccessfully received the negative acknowledged blocks will not be
transmitted, i.e. the allocated M S will not transmit anything, but the radio block resources are consumed and logged as
such, contributing to the overall resource usage.

Packet downlink ACK/NACK (PDAN) is sent on EC-PACCH/U to (negatively) acknowledge data sent in the DL.
EC-PACCH specific Link to System mappings has been used for EC-PACCH/D and EC-PACCH/U.

ZF.7.2.2.15 Simulated scenarios

The simulated scenarios are for downlink coverage class selection based on measured SINR and carrier signal strength
for 4/12, 3/9 and 1/3 re-use, and tables and figures are presented in section ZF.7.2.3.2. The thresholds and the coverage
class code point dependent DL MCS choice both for the SINR and carrier scenarios have been optimized to give low
timeslot utilization, short delay and high capacity while aiming for an EC-PDTCH DL BLER target of 20 % for MCS-1
in order to ensure robustness of the system. For higher MCSs a higher BLER has been allowed, considering that the
RCL/MAC header would still experience alow BLER level at the SINR where the higher MCSs are used.

ZF.7.2.2.2 Results

The results presented are:
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- Resource (TS) Usage (section ZF.7.2.3.2.1)

- Thisrepresents the average amount of EC-PDTCH DL and UL TS resources required on average per cell in
the system, for the different scenarios, see Table ZF.7.2-5.

- Latency of MAR periodic reports (section ZF.7.2.3.2.2)

- Thelatency includes time to transfer the message excluding common control signaling delay (presented in a
Separate evaluation, see Annex ZF.3).

- Theresults are presented as CDFs of the delay at the target traffic load (6.81 users per cell and second).
- Failed attempts are not included in the statistics (following the agreed methodol ogy).
- Latency of DL application Ack (section ZF.7.2.3.2.3)

- Latency is measured from the time an application layer DL ACK isreceived at the base station till the time
when the device has successfully received the application layer DL ACK

- Theresults are presented as CDFs of the delay at the target traffic load (6.8 users per cell and second).
- Failed attempts (section ZF.7.2.3.2.4)

- Thisrepresents the percentage of the attempts that were not successful, i.e. did not manage to get the report
through during 20 seconds.

- Uplink capacity (section ZF.7.2.3.2.5)

- Uplink capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”. Results are shown in
Table ZF.7.2-6.

ZF.7.2.2.2.1 TS Usage

The TS Usageis shown in Table ZF.7.2-5 for the downlink and uplink. On the downlink, the TS Usage increases from
0.35TSto 0.70 TSfor SINR based downlink coverage class selection and to 0.77 TS for carrier based downlink
coverage class when the reuse is changed from 4/12 to 1/3. Thus, the timeslot utilization increases approximately 2.0
times for SINR and 2.2 times for carrier based downlink coverage class selection while the used frequency bandwidth is
reduced four times.

Table ZF7.2-5: PDCH resource usage for EC-GSM-IoT on the downlink and uplink, 33 /23 dBm

BCCH Resource usage Resource usage
Re-use DL [#TS] UL [#TS]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 0.35/0.35 0.35/0.36 0.85/1.60 0.84/1.59
9 0.37/0.37 0.37/0.38 0.85/1.59 0.85/1.60
3 0.70/0.68 0.75/0.73 0.91/1.69 0.92/1.68

It can be noted that the resource increase for the carrier based CC selection is mainly due to more conservative settings
(see Table ZF.7.2-2) when switching between coverage classes with the aim to roughly operate in the same BLER
region irrespective of re-use. Generally it applies that the tighter the re-use the more interference in the system, the more
conservative the coverage class thresholds (to lower operative BLER points by using blind transmissions), and the more
resources are used. For SINR the same thresholds are used in all simulations (see Table ZF.7.2-2) which will shift the
coverage class distribution to more users in CC2 and above, when increasing the interference levelsin the system

(going to atighter re-use).

Further, it can be noted that carrier based downlink coverage class selection gives approximately 7 % higher downlink
TS usage than SINR based downlink coverage class selection in 1/3 re-use. This is however not the only benefit seen, as
will be seen below. In actuality there is atrade-off between all metrics presented in this paper, e.g. alower resource
usage would have an impact on latency, CC distribution and failed attempts. All output need to be analyzed jointly.
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ZF.7.2.2.2.2 Latency of MAR periodic reports

The latency of MAR periodic reportsis represented by the latency of the data transfer, i.e. the common control
signaling delay is not included. A few users will experience an increased delay as seen in Figure ZF.7.2-1. The delays

are increasing with tighter frequency re-use.
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Figure ZF.7.2-1: Uplink transmission delay for 33 dBm (left) and 23 dBm (right)

ZF.7.2.2.2.3 Latency of Downlink Application Ack

A few users will experience an increased Downlink Application Ack delay when going to tighter re-use as seenin
Figure ZF.7.2-2. It can be noted that the Downlink Application Ack delay for 3/9 and 4/12 re-use is almost the same for
the two downlink coverage class selection cases. However, for 1/3 re-use the delay is larger with carrier based selection

compared to the SINR based selection.
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Figure ZF.7.2-2: Downlink Application Ack delay for 33 dBm (left) and 23 dBm (right)

ZF.7.2.2.2.4 Failed Attempts

At the traffic load 6.8 users per cell and second and device output power of 33 dBm, the percentage of failed attempts
(i.e., thereport did not get delivered within 20 seconds) is found to be lessthan 0.1 % in all scenarios.

ZF.7.2.2.2.5 Capacity

In 3GPP TR 45.820 capacity is defined as “ spectral efficiency in number of reports/200 kHz/hour”. This definition is
made with a standalone CloT system in mind. Since the system in this evaluation serves only one traffic type (MTC
traffic), the capacity definition is more meaningful in this case than in the previous EC-GSM-I0T investigationsin
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which mixed services were assumed. Still it should be noted that the measure is not really a capacity measure since it
does not reflect the capacity limit of the system but rather at an assumed fixed load.

Capacity is here calculated as

(#sent reports per sector per hour)* (1 - failed attempts)/reuse

The capacity is shown in Table ZF.7.2-6 for the simulated scenarios.

Table ZF.7.2-6: Capacity for EC-GSM-IoT at 6.81 users per cell and second

BCCH Capacity for 33 dBm devices Capacity for 23 dBm devices
Re-use [reports/200kHz/hour] [reports/200kHz/hour]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 2038 2038 2055 2055
9 2724 2725 2738 2738
3 8150 8150 8220 8219

As can be seen from the table, the 3-reuse scenario has four times capacity than the 12-reuse scenario, as expected
considering the change in re-use factor, and the fact that almost no reports fails to be delivered. The capacity for the 23
dBm isalittle higher than the capacity for the 33 dBm case and even higher than the theoretical capacity of 8172 for
6.81 users per cell and second due to randomization.

ZF.7.2.2.3

Table ZF.7.2-7 and Table ZF.7.2-8 summarizes the DL and UL CC distribution for the 4/12 and 1/3 re-use scenarios for
both measured SINR and Carrier thresholds. Approximately 98 % and 97 % of all mobiles uses coverage class 1 in
downlink for the 4/12 re-use and 3/9 re-use scenarios respectively. For 1/3 re-use only 79 % for SINR based and 87 %
for carrier based downlink coverage class selection of all mobiles uses coverage class 1 in downlink. Approximately 98
% and 84 % of al 33 dBm and 23 dBm mobiles respectively uses coverage class 1 in uplink irrespective of the re-use.

DL and UL Coverage Class Distribution

Table ZF.7.2-7: EC-PDTCH coverage class distribution for 33 dBm [%]

BCCH Coverage class Distribution of users in DL Distribution of users in UL
Re-use [%] [%6]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 CcC1 98.2 98.5 97.5 97.5
Ccc2 1.8 15 1.8 1.8
CC3 <0.1 <0.1 0.5 0.5
CC4 <0.1 <0.1 0.2 0.2
9 CC1 97.0 97.5 97.5 97.5
Ccc2 3.0 2.3 1.8 1.8
Ccc3 <0.1 0.13 0.5 0.5
CC4 <0.1 <0.1 0.2 0.2
3 CcC1 78.3 86.4 97.6 97.6
CC2 21.6 11.1 1.7 1.7
Ccc3 0.13 1.3 0.5 0.5
CC4 <0.1 1.2 0.2 0.2
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Table ZF.7.2-8: EC-PDTCH coverage class distribution for 23 dBm [%]

BCCH Coverage class Distribution of users in DL Distribution of users in UL
Re-use [%] [%0]
SINR CC DL Carrier CC DL SINR CC DL Carrier CC DL
12 Cc1 98.3 98.6 83.8 83.8
cc2 1.7 1.4 9.2 9.2
CCs3 <0.1 <0.1 3.9 3.9
CC4 <0.1 <0.1 3.1 3.1
9 Cc1 97.0 97.6 84.1 84.1
Ccc2 3.0 2.3 9.0 9.0
CC3 <0.1 0.1 3.8 3.9
CC4 <0.1 <0.1 3.1 3.0
3 Cc1 78.7 86.5 84.5 84.4
Ccc2 21.2 11.1 8.8 8.9
Cc3 0.1 1.3 3.8 3.8
CC4 <0.1 1.1 2.9 2.9

ZF.7.2.3 Discussion and conclusions

ZF.7.2.3.1 Impact from frequency re-use

This paper adds simulation results for 1/3 re-use and shows that EC-GSM-10T MTC services may be accommodated on
the PDCH of asingle BCCH carrier network on as low BCCH spectrum allocations as 600 kHz. For 600 kHz thereis
less than 2.2 times increase in Downlink TS utilization compared to 2.4 MHz. The transmission delays are increased
when going to atighter re-use. The effect is however rather moderate compared to the 75% reduction of the required
frequency spectrum, corresponding to four times the spectral efficiency. Failed rates arein all scenarios kept at alow
level.

ZF.7.2.3.2 SINR vs carrier based measurements

ZF.7.2.3.2.1 General

This paper also compares performance between SINR based and carrier signal strength based downlink coverage class
selection methods. It shows that downlink coverage class selection based on SINR has more potential than signal
strength measurements, specifically in the 1/3 re-use. For 4/12 re-use the downlink TS utilization is the same for both
selection methods, but also here there is avisible difference in the delay of the DL delivered reports. For 1/3 re-use,
carrier based downlink coverage class selection gives approximately 7 % higher downlink TS utilization compared to
SINR based downlink coverage class selection.

It should be mentioned that carrier based measurements and SINR based measurements need to be compared taking the
full system impact into account. The coverage class settings will be different, and influence how devices behave in the
network. Hence, all metrics investigated will be influenced when changing the CC selection method.

ZF.7.2.3.2.2 Coverage class distribution

The main intention to go from carrier based measurements to SINR based measurementsisto get a more accurate CC
selection that better reflects the experienced SINR when transmitting the block (although the measurement to base the
SINR CC selection on is taken at another point in time). In contrast, for carrier based selection, the selection will not
take interference into account, and hence the threshol ds need to be set more conservatively (more usersin higher CC)
when interferenceisincreased in order to keep the timeslot utilization and delays low.

In Figure ZF.7.2-3 and Figure ZF.7.2-6 the coverage class distribution between carrier based and SINR based
measurements are shown. As can be seen in Figure ZF.7.2-3 and Figure ZF.7.2-6 the downlink coverage class and
coverage class code point distribution over experienced SINR is much wider for carrier measurement based than SINR
measurement based downlink coverage class selection. That means that more mobiles will make a better downlink
coverage class selection if SINR measurement based downlink coverage class selection is used.

It can be noted that for carrier measurements approximately 10 % of the mobiles experiencing a downlink SINR of only
0 dB will flag the highest coverage class code point 7.

ETSI



3GPP TR 45.050 version 14.0.0 Release 14 400 ETSI TR 145 050 V14.0.0 (2017-04)

It can al'so be noted that the width at half height for the distribution of coverage class code point 3 to 6 is approximately
7 to 8 dB for SINR measurements.
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Figure ZF.7.2-3: Downlink Coverage class distribution for 33 dBm.
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Figure ZF.7.2-4: Downlink Coverage class distribution for 23 dBm.

Carrier SS based (left), SINR based (right)

ZF.7.2.3.2.3 BLER

To understand the system behavior it is of interest to ook at the BLER performance. One way to look at it isto
investigate the BLER at different coupling loss. At high coupling loss close to the coverage limit, both C based
selection and SINR based selection will use higher CCs (for C based selection aM S will estimate itself to be below
BT_Threshold DL, and for SINR based selection, the SINR will be low enough even without added interference).
However, for lower coupling loss ranges, a difference is expected, depending on the coverage class threshold settings
for the different approaches. In Figure ZF.7.2-5 the BLER versus Coupling Loss is shown at Coupling Loss 100 to 140
dB. As can be seen, even with alower resource usage (as shown in Table ZF.7.2-5) for SINR based selection, the BLER
is significantly lower compared to the C based selection.
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Figure ZF.7.2-5: Average downlink BLER vs Coupling Loss for 33 dBm

One can see that the BLER level is for some coupling losses higher than the aimed for 20 %. However, in these regions
MCS-4 can have been used, where the RLC/MAC header still would have alow BLER, and IR could be used (although
not activated in the simulations). For SINR based selection, the BLER islow due to the limited M CSs usage (maximum
MCS-4) and the limitation in power down-regulation on the BCCH carrier (max 6 dB). Hence, even if 8PSK MCSs
have not been used in the simulations (MCS-5-9) the simulations show a potential of using these to minimize resource
usage in the network and improve spectral efficiency also reducing resource usage further.

ZF.7.2.4 Conclusion

EC-GSM-IoT MTC services may be accommodated on the PDCH of asingle BCCH carrier network on aslow BCCH
spectrum allocations as 600 kHz.

Downlink coverage class selection based on SINR has more potential than signal strength measurements, specifically in
the 1/3 re-use. It gives lower downlink timeslot utilization and lower delays thanks to increased probability to choose a
coverage class and MCS that matches the experienced SINR.

ZF.8 Traffic model for legacy GPRS MTC

ZF.8.1 Tdoc reference
3GPP TSG GERAN #69

GP-160060

Malta

15" — 19" Feb, 2016

Source: Orange, Ericsson LM

Title: Traffic model for legacy GPRSMTC

ZF.8.2 Legacy GRPS MTC uses cases and scenarios

Legacy GPRS, since the early years of M2M, isthe most used access network for Machine to Machine application. Asa
consequence the number and the diversity of applications generating MTC traffic in a GSM/GPRS network is extremely
large, even if they often imply only a very limited number of UE. Therefore, building atraffic model for all of them so
that they can be taken into account in ageneric MTC traffic model for legacy GPRS is seen asimpossible.
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Thisisthe reason why the approach proposed in this document is rather to identify alimited set of representative
application and uses cases that will be or are already typically operating over a GSM/GPRS network on alarge scale,
and to model them in arather extreme situation. The resulting over-estimation is expected to reflect applications and use
cases that weren't considered.

The set of considered use cases and the related parameters are summarized in Table 1. It includes:
- Pay asyoudrive
- Bike fleet management : This model reflect the use case of asset tracking

- Coffee Machine :This model reflect the use case of aremotely managed electrical appliance

- Smart-Grid:

- Reading: classical remote meter reading, adapted to electric metering

- Load monitoring: in addition to metering, utility usually retrieve statistical data on the daily electrical
consumption to improve production management.

Deployment hypotheses are those considered in 3GPP TR 45.820 [1]. Consequently the inter-site distance is 1732
meters, leading to cell area of 0,866 km?.

The number of UE has been calculated for this cell area and on the basis of the city of Paris which isa very dense city

and with the hypothesis that all of the devices are served by asingle PLMN having 100% market share.

Table ZF.8-1: Traffic models for the selected applications and use cases

Smartgrid -

Use case Pay as you Bike fleet Coff_ee load Smartgrld -
drive management | machines o reading
monitoring
Devices per cell 7967 173 169 8461 8461
Activity factor 0.2 1 1 1 1
Keep alive A tracking Keep alive One load One reading
Downlink | ©nce & day | requestper30 | once aday request per two hours
min message per
day
Packet size [bytes] 30 10 30 45 45
Inter-arrival time [s] 86400 1800 86400 86400 7200
Events per cell per s [1/s] 0.018 0.096 0.002 0.098 1.18
One update Responseto | A message One data One reading
Uplink | every 10 min tracking per day message every | per two hours
request day
Packet size [bytes] 150 150 150 1200 40
Inter-arrival time [s] 600 1800 86400 86400 7200
Events per cell per s [1/s] 2.66 0.096 0.002 0.098 1.17
Uplink transactions per cell 229450 8304 (2.4%) 169 8461 (2.4%) 101532
per day (66.0%) (0.05%) (29.2%)

ZF.8.3 Aggregated traffic model of MTC over Legacy GPRS

The aforementioned per application traffic models are then aggregated to obtain aglobal traffic model for MTC traffic
over legacy GPRS that could be used as a unique traffic model for MTC traffic over legacy GPRS.
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For the uplink, thereis alarge variation in the packet sizes between the per application models. In the aggregate model,
the uplink packet size is therefore randomly picked among the packet sizes of the different per application traffic
models. For the downlink, the packet sizes of the per application traffic models are more similar. Therefore, the
downlink packet sizeis assumed to be fixed (always using the worst case packet size).

For simplicity, it is assumed that uplink and downlink packets are sent independently.

Resulting parameters for this traffic model are given in table ZF.8-2.

Table ZF.8-2: Global traffic model for MTC traffic of legacy GPRS

Aggregated Legacy GPRS MTC model : 347916 transactions/day
1.39 events/cell/s
Fixed packet size of 45 bytes
4.03 events/cell/s
Packet size randomly picked from
Uplink [40,150,1200]
with probabilities
[0.291, 0.684, 0.024].

Downlink

ZF.9 Simulator model for wanted signal level and SINR
estimation error

ZF.9.1 Tdoc reference
3GPP TSG GERAN #69

GP-160033

Malta

15" —19% Feb, 2016

Source; Ericsson LM

Title: Received signal level measurementsfor EC-EGPRS (update of GP-151135)

ZF.9.2 Model

In EC-GSM-10T the M'S measures the wanted received signal level on the FCCH and/or EC-SCH. To average out fast
fading, the M S should take severa (e.g. 5) measurement samples spread out in time (e.g. over 5 s). Further, SINR
estimation is discussed above as an alternative or complement to signal level estimation.

When studying EC-EGPRS performance in tight reuse networks, WA9.2 of Annex ZF.1states that “ Cell reselection
shall be based on realistic models of neighbor cell measurementsinidle mode[...]”. Therefore, when modeling cell re-
selection in system simulations for tight reuse networks, the measurement procedure of the MS should be accurately
modelled. Since fast fading is typically modelled in the system simulator, the averaging across multiple samples spaced
in time can be directly implemented. However, for the first step of taking measurement samples on the EC-SCH, the
measurement inaccuracy needs to be taken into account in order not to overestimate the performance of cell re-
selection. Unless the system simulator models the signals on I/Q sample level, a statistical measurement inaccuracy
model is needed.

The proposed model is asfollows:
- For each measurement sample taken on one instance of the EC-SCH (up to 7 EC-SCH bursts)
- Cadlculate the true wanted signal level and true SINR

- Add arandom measurement error to the true wanted signal level, with a distribution depending on the true SINR
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- Average (e.g.) 5 measurement samples over time (e.g. 5 ).

To derive a statistical distribution for the measurement inaccuracy in 1b, link simulations have been run. For each
measurement (done as described in section 4.2 above), the true SINR and the estimated wanted signal level are logged.
From this, the error distribution at each given instantaneous true wanted signal level is derived.

ZF.9.3 Noise-limited case

Distributions (PDFs) of the wanted signal level estimation error are shown in Figure ZF.9-1 for different true SINRs (-
15 dB, -5 dB and 0 dB) and different number of EC-SCH burst pairs used for signal level estimation (1 and 6). For
comparison, anormal distribution with the same mean and standard deviation as the estimation error is shown.
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Figure ZF.9-1: PDF of wanted signal level estimation error. True SNR is -15 dB (top), -5 dB (middle)
and 0 dB (bottom), respectively. Either 1 correlation pair (left) or 6 correlation pairs (right) have been
used.

It can be seen that the estimation error is reasonably accurately modelled by a normal distribution.

The mean and standard deviation of the wanted signal level estimation error is shown in figure ZF.9-2.
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Figure ZF.9-2: Mean and standard deviation of estimation error versus true SINR. Noise-limited case.

For SINR estimation, the SINR is calculated from wanted signal level and total signal level (see section 3). The total
signal level estimation can be assumed to be error-free.

ZF.9.4 Interference-limited case

The wanted signal level estimation error was found to be approximately normal distributed also in the interference
limited case (not shown here). The mean and standard deviation of the wanted signal level estimation error is shown in
figure ZF.9-3
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Figure ZF.9-3: Mean and standard deviation of estimation error versus true SINR. Interference-limited
case.
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ZF.9.5 Discussion and conclusions

General principles of signal level estimation for EC-GSM-I0T have been outlined. The use of SINR as an alternative or
complement to wanted signal level has been proposed to cope with cell e.g. re-selection and coverage class selection in
interference limited situations. These principles have aso been used when performing simulations, estimating the
wanted signal level and SINR accuracy achievable over the EC-SCH repetitions.

The FCCH isanatural channel to be used for signal level estimation considering its high PSD characteristicsin
extended coverage. This should help in refining the estimation results presented in this paper.

A signal level estimation with an RM SE accuracy of lower than 2 dB was observed if averaging over 5 signal level
samples, performing the averaging in the linear domain. Similar accuracy was observed for SINR estimation in the
range -10 dB < Average SINR < 30 dB.

Finaly, a system simulator model for wanted signal level and SINR estimation errors has been outlined.

Considering the additional investigated SINR based estimator, this could be seen as a complement or replacement of a
signal based estimator.
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