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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.

Introduction

Recently, the GSM network is seeing its greatest expansion due to the increased demand for mobile voice servicesin
emerging markets. Furthermore, most of these emerging markets have densely populated cities and limited radio
spectrum. Thus the increase of voice capacity in the circuit switched domain in an evolutionary manner is akey issue
for operatorsin these markets.

To help operators in these scenarios to alleviate the strain on their networks, new techniques are required to improve the
voice capacity on the basis of reusing existing network equipment and radio resource. These have been investigated
during the MUROS feasibility study and candidate solutions proposed in this feasibility study are based on
multiplexing two or more users onto one time slot without degrading the speech quality. These solutions are unlike the
speech codec approach to increase network capacity by increasing speech compression, e.g. multiplexing two GSM-HR
mobiles onto one time slot but rather to maintain the same speech encoding by multiplexing four GSM-HR mobiles
onto onetime dot.

The Technical Report is structured in the following way:
Chapter 1 elaborates the scope of the MUROS feasibility study.
Chapter 2 and 3 contain usual elements like References, Definitions, Symobols and Abbreviations.
Chapter 4 lists the defined performance and compatibility objectives for MUROS.
Chapter 5 depicts the common working assumptions for the performance eval uation of MUROS candidate solutions.
Chapter 6 to 9 contain the four candidate solutions for MUROS, in particular:
the candidate solution " Speech Capacity Enhancement using DARP" in Chapter 6

the candidate solution "Orthogonal Sub Channelsfor Circuit Switched V oice Capacity Evolution™ in
Chapter 7

the candidate solution " Adaptive symbol constellation” in Chapter 8
the candidate solution "Higher Order Modulations for MURQOS" in Chapter 9
Chapter 10 lists the proposed candidates for the new set of training sequences.

Chapter 11 depicts aspects related to associated control channel design for MUROS.
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Chapter 12 provides a summary of the evaluation versus defined objectives for each of the candidate solutions.

Chapter 13 finally draws conclusions.
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1 Scope

The present document is an output of the 3GPP study item "Multi-User Reusing-One-Slot" (MUROS) [11].

It contains a section describing the objectives of the Circuit Switched Voice Capacity Evolution, and further sections
presenting candidate techniques, which are evaluated according to their potential related to voice capacity improvement
in GERAN. For thisthe design of a new set of training sequences with improved cross correlation properties to the
existing set of training sequences is foreseen and expected to be evaluated. The study will also include the investigation
of different optimised pul se shapes for MUROS for both the uplink and the downlink.

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 refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.
[2] GP-080393: "Outcome of MUROS session”, WI Rapporteur, 3GPP GERAN#37".

[3] P.T. Brady, A model for generating on-off speech patterns in two-way conversation, Bell Systems Technical
Journal (Sept. 1969), p. 2445-2472

[4] AHG1-080064: "WI Rapporteur", GERAN.

[5] 3GPP T3GPP TR 45.903, v.7.0.1, Feasibility Study on Single Antenna I nterference Cancellation
(SAIC) for GSM networks (Release 7)

[6] GP-080947: "Summary of MUROS Offline Session", WI Rapporteur, 3GPP GERAN#38.

[7] GP-081130: "MURQOS Uplink Performance”, Telefon AB LM Ericsson, 3GPP GERAN#39.

[8] GP-081024: "Link to System mapping method for power imbalanced MUROS", Huawei
Technologies Co., LTD., 3GPP GERAN#39.

[9] GP-081132: "Link-2-System mapping for SAIC and non-SAIC mobiles MUROS", Telefon AB
LM Ericsson, 3GPP GERAN#39.

[10] GP-081131: "Effect of Frequency Offsetsin the Link Performance of MUROS UL", Telefon AB
LM Ericsson, 3GPP GERAN#39.

[11] GP-072033, WID: "Multi-User Reusing-One-Slot (MURQOS)", China Mobile, Ericsson, Nokia
Siemens Networks, Nokia, Nortel Networks, NXP, Qualcomm, Telecom ltalia, Vodafone, 3GPP
GERAN#36.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
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3.2 Symbols

For the purposes of the present document, the following symbols apply:

o angle specifying constellation of a-QPSK
A Offered Traffic

By Blocking Probability

Ci Carrier to Interference Ratio

cli Carrier to First (Strongest) Interferer Ratio
1Q, 1-Q In Phase/Quadrature Phase

X Cross power ratio between sub channels

3.3 Abbreviations

ETSI TR 145 914 V15.0.0 (2018-07)

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in

TR 21.905[1].
ACI Adjacent Channel Interference
AFS Adaptive Multi-Rate Full Slot
AHS Adaptive Multi-Rate Half Slot
AMR Adaptive M ulti-Rate
ARFCN Absolute Radio Frequency Carrier Number
AWGN Average White Gaussian Noise
BCCH Broadcast Control Channel
BER Bit Error Rate
BSC Base Station Controller
BSS Base Station Subsystem
BTS Base Tranceiver Station
CCl Co-channel Interference
CIR, C/l Carrier-to-Interference Ratio
DARP Downlink Advanced Receiver Performance
DTS DARP Test Scenario
DTx, DTX Discontinous Transmission
EFL Effective Frequency Load
EGPRS EDGE General Packet Radio Service
FACCH Fast Associated Control Channel
FER Frame Erasure Rate
FH Frequency Hopping
FR Full Rate
GMSK Gaussion Minimum Shift Keying
HR Half Rate
HSN Hopping Sequence Number
ICl Inter Channel Interference
IRC Interference Rejection Combining
ISl Inter Symbol Interference
JD Joint Detection
L2S Link to System mapping
MA Mobile Allocation
MAIO Mobile Allocation Index Offset
MAIOA MAIO Allocation
MAIOHSN MAIO Hopping Sequence Number
MAIOPN MAIO Permutation Number
MIMO Multiple Input Multiple Output
MRC Maximal Ratio Combining
MSRD Mobile Station Receive Diversity
MTS MUROS Test Scenario
MUROS Multi-User Reusing One Slot
PA Power Amplifier
PAR Peak to Average Ratio
PC Power Control
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PSK Phase Shift Keying

QAM Quadrature Amplitude Modulation

QPSK Quarternary Phase Shift Keying

RMS Root Mean Square

RR Radio Resource

RRC Root Raised Cosine

SACCH Slow Associated Control Channel

SAIC Single Antenna I nterference Cancellation

SCPIR Sub Channel Power |mbalance Ratio

SIC Successive Interference Cancellation

SNR Signal—to-Noise Ratio

TCH/EFS Traffic channel employing enhanced full rate GSM speech codec
TCH/FS Traffic channel employing full rate GSM speech codec
TCH/HS Traffic channel employing half rate GSM speech codec
TCH/AFS Traffic channel employing AMR full rate codec

TCH/AHS Traffic channel employing AMR half rate codec

TCH/WFS Traffic channel employing Wideband AMR full rate codec based on GM SK
TRX Transceiver

TSC Training Sequence Code

VAD Voice Activity Detection

4 Obijectives

Theincrease in user amount and voice traffic puts a huge pressure on operators especially within populous countries.
Furthermore, as voice service price gets cheaper, most operators face the challenge to obtain efficient utilization of
hardware and spectrum resource. The following performance and compatibility objectives are therefore defined for
each MUROS candidate technique.

4.1 Performance Objectives

Two performance objectives are defined.

4.1.1 Capacity Improvements at the BTS

Objective P1: The candidate techniques proposed under MUROS is expected to increase voice capacity of GERAN in
order of afactor of two per BTS transceiver. The channels under interest for doubled voice capacity are
both full rate and half rate channels: TCH/FS, TCH/HS, TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS
with related associated signaling channels.

4.1.2 Capacity Improvements at the Air Interface

Objective P2:  The objectiveisto further enhance the voice capacity of GERAN by means of multiplexing at least
two  users simultaneously on the same radio resource both in downlink and in uplink. The channels
under interest for doubled voice capacity are both full rate and half rate channels: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS with related associated signaling channels.

The co-channel and adjacent channel interference increase with number of users, which leads to the
decrease of C/I and frequency reuse. The balance between low frequency reuse and high timeslot reuse
should be considered carefully.

4.2 Compatibility Objectives

Five compatibility objectives are defined.
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4.2.1 Maintainance of Voice Quality

Objective C1: The introduction of the candidate techniques proposed under MUROS should not decrease voice quality
as perceived by the user. In particular a voice quality better than for GSM HR should be ensured.
Thisis dueto the fact that in case of sub-channels, being allocated in the same time slot within the same
radio frequency, the influence of the inevitable inter-channel interference (ICI) on voice quality and
actual proportion of the subscribers sharing the same time slot cannot be ignored.

4.2.2 Support of Legacy Mobile Stations

Objective C2: Support of legacy M S by candidate techniques proposed under MUROS identifies a further MS related
objective. No implementation impacts shall be required for legacy MStypes. First priority has the
support of legacy DARP phase 1 capable terminals, whilst second priority is given the support of legacy
GMSK terminals notsupporting DARP phase 1 capability.

4.2.3 Implementation Impacts to new Mobile Stations

Objective C3:The introduction of the candidate techniques proposed under MUROS should change M S hardware as
little as possible. Additional complexity in terms of processing power and memory should be kept to a
minimum for anew MS.

4.2.4 Implementation Impacts to BSS

Objective C4:  The introduction of the candidate techniques proposed under MUROS should change BSS hardware
aslittle as possible and HW upgrades to the BSS should be avoided.

Any TRX hardware capable of multiplexing more than one user on asingle ARFCN time dot shall
support legacy GM SK mohiles, this includes non-SAIC mobiles and SAIC mobiles.

I mpacts to dimensioning of resources on Abisinterface shall be minimised.

4.2.5 Impacts to Network Planning

Objective C5:The impacts to network planning and frequency reuse shall be minimised. Impactsto legacy MS
interfered on downlink by the MURQOS candidate technique should beavoided in case of usage of a wider
transmit pulse shape on downlink. Furthermore investigations shall be dedicated into the usage at the
band edge, at the edge of an operator's band allocation and in country border regions where no frequency
coordination arein place.

5 Common Working Assumptions for Candidates
Evaluation

This section lists the common working assumptions for the performance evaluation of MUROS candidate techniques
that were discussed and agreed at GERAN#37 and are reflected in summary report [2].

5.1 General parameters

In this subsection general parameters for the eval uation of MUROS candidate techniques are listed.
Table 5-1: General agreed evaluation parameters

Aspect Working Assumption
Definition of legacy MStype - First Priority: evaluation of DARP phase | MS.
- Second Priority: evaluation of legacy MS without DARP phase | capability.
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Definition of new M S type

Penetration level of certain MS
types

Propagation Environment

Training Sequences Optimisation

Interference cancellation methods

Transmit Pulse Shapes

Mobility
Speech codecs
AMR codec mode adaptation

Frequency Hopping
Voice Cal Model

DTX
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Single antenna mobiles. No consideration of DARP phase Il mobiles.

Share of legacy MS: Svon-muros
Legacy MSinclude both:

legacy M S without DARP phase | (share Syon-pare)
legacy MS with DARP phase | (share Sparp)

constant ratio assumed for Soare / Svon-pare =30 %/ 70 %

total share of legacy MS: Suon-muros = Sparp + SNON_DARP;

Share of new MURQOS mobiles. Suuros
with Suuros = 0%, 25%, 50%, 75%, 100% and

Swmuros + Snon-Muros = 100%. 1
Typical Urban.

Usage of legacy TSC's only to alow early adoption of MUROS

Usage of combination of existing and new TSC's with improved cross
correlation properties

Usage of new TSC's with improved cross correlation properties only

Specific interference cancellation methods are to be studied for DL and for UL.

First Priority: legacy linearized GMSK pulse shape
Second Priority: optimised pul se shape up to 270 kHz BW.

Both 3 km/h and 50 km/h
GSM HR, AFS12.2, AFS5.9 and AHS 5.9

Not required for MUROS study. Left optional to companies to provide results
including AMR codec mode adaptation.

Activated. Case no FH is FFS.

Voice cals are generated in the system simulator based on Poisson call arrivals and
exponential call durations. The call arrival rate is set according to the load that is to
be simulated in the network. The mean call duration is assumed to be 90 seconds,
with a minimum call duration of 5 seconds.

The channel activity timein DTX on DL and on UL, comprising active voice periods
and all types of GSM specific signalling blocksis modelled as follows:

activity factor of 60 % with independent channel activity on DL and UL.

mean channel activity timeis 1826 ms. Note, the channel activity durationis
exponentially distributed. 2

minimum channel activity timeis 60 ms. 3

1 For example for a share of new MUROS mobiles of 50 % remaining 50 % are legacy MS. Hence ashare of 35 % is assumed for legacy MS
without DARP phase | and 15 % for MS supporting DARP phase I

2 Assuming a mean talkspurt duration of 1197 ms and mean silence duration of 1846 ms as defined by the Brady model [3], the total mean
periodicity as the sum of mean talkspurt duration and mean silence duration is 3043 ms. Hence the activity factor of 60% yields the mean
channel activity time of 1826 ms, which includes GSM specific signalling blocks (SID FIRST, ONSET, SID_UPDATE, NO_DATA).

3 The duration of 60 ms cooresponds to a minimum talkspurt duration including SID FIRST and ONSET blocks (40 ms from VAD model + 20

ms signalling).
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HW configuration per cell

BCCH resource utilization

Network Synchronisation Mode

Multiplexing of Mobiles

Power Control

Evaluation Output

- minimum channel inactivity timeis 185 ms. 4 Note, the channel inactivity
duration is also exponentially distributed.

- both the actual channel activity time and channel inactivity time shall be
rounded to next lower or next higher multiple of 20 ms than the selected
value from the distribution to enable sending of complete speech blocks. By
this rounding the channel activity should be maintained close to the activity
factor.

4 TRX/cell and 6 TRX/cell

For MUROS-1 and MURQOS-2 network configurations, the resource utilization on
BCCH carrier is specified as follows:

- Timedots for voice: 3

- Timedlots for data: 4

According to [4], data channels are modelled by the simplified modelling assumption
of the presence of GMSK dummy bursts in these time dlots.

First Priority: synchronous networks.

Second Priority: asynchronous networks

All network configurations (see subclause 5.3) will be first evaluated in synchronous
mode. Network configuration MUROS-2 will also be evaluated in asynchronous
mode. In case of major performance impact due to network synchronization mode at
link level, al network configurations need to be evaluated in asynchronous network
mode.

Optimum multiplexing of mobiles on the same physical resource will be studied for
downlink and for uplink.

Both DL and UL PC will be enabled (vendor specific). PC management needs to be
performed jointly for all sub channels.

- Maximum network capacity gain asdefined in 3.4

- FER datistics

- SNR dtatistics

- Information on call drop rate (if available)

52 Definition of Model for External Interferers for Link Level

Evaluations

In this subsection the interferer models specifying the profiles related to exter nal interferers are described. External
interferers are generated outside the serving cell.

Note, absolute performance characterization is given preference for the comparison to legacy TCH channel type for link

performance evaluation.

Asin[5] thelink performance shall be evaluated for FER := 1%. Other FER ratios may also be considered.

5.2.1 Synchronous Network Mode

Thelink performance per each MURQOS candidate technique shall be specified for the following synchronous interferer

scenarios:

4 This corresponds to minimum silence duration of 205 ms from VAD model reduced by 20 ms signalling blocks due to SID FIRST and

ONSET.
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a) for anew MTS-1 (MUROS test) scenario with synchronous interferer.

Table 5-2: MUROS Test Scenario 1 (MTS-1) with single synchrnous interferer

Reference _ Interfering Signal Interferer relative TSC Interferer Delay range
Test Scenario power level
1) MTS1 | 1) Co-channel 1 - 0dB 1) None 1) nodelay

Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type.

It should be noted, that at MUROS telco#3 the working assumption was agreed to remove single 8-PSK interferer
profile since the results by different vendors did not show a major difference in performance compared to the case of a
MUROS type interferer. The same applies for scenarios under b) , c) and d).

Interference performance shall be based on C/1 for single external cochannel inteferer, where C is related to the total
power of the received VAMOS signal (i.e. carrying two VAMOS subchannels) and | to the received power of the single
external cochannel interferer.

b) for anew MTS-2 (MUROS test) scenario with multiple synchronous interferers.

Table 5-3: MUROS Test Scenario 2 (MTS-2) with multiple synchronous interferers.

Reference Interfering Interferer relative TSC Interferer Delay
Test Scenario | Signal power level range
1) MTS-2 |1) Co-channel 1) 0dB 1 none 1 nodelay
1
2 -10dB 2 none 2 no
2) Co-channel delay
2 3) 3dB 3 none
3) nodelay
3) Adjacent 1 4) -17dB 4 - .
4 AWGN

Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type. The modulation for co-channel 2
will be either: GMSK or MUROS type. The modulation for adjacent 1 will be either: GMSK or MUROS. Only
configurations, where all interferers are using the same modulation type, are considered.

Interference performance shall be based on C/11 for multiple external cochannel inteferers, where C is related to the
total power of the received VAMOS signal (i.e. carrying two VAMOS subchannels) and 11 to the received power of the
dominant external cochannel interferer.

5.2.2  Asynchronous Network Mode

Thelink performance per each MUROS candidate technique shall be specified for the following asynchronous
interferer scenarios:

a) for anew MTS-3 (MUROS test) scenario with asynchronous interferer.
Table 5-4: MUROS Test Scenario 3 (MTS-3) with single asynchrnous interferer.

Reference . . TSC Interferer Delay

Test Interfering Interferer relative

Scenario Signal power level

1) MTS3 |1) Co- 1 0dB* 1) None 1) 74 symbols
channel 1

*) The power of the delayed interferer burst, averaged over the active part of the
wanted signal burst. The power of the delayed interferer burst, averaged
over the active part of the delayed interferer burst is 3 dB higher.

Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type.
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Interference performance shall be based on C/1 for single external cochannel inteferer, where C is related to the total
power of the received VAMOS signal (i.e. carrying two VAMOS subchannels) and | to the received power of the single
external cochannel interferer.

b) for anew MTS-4 (MUROS test) scenario with multiple asynchronous interferers.

Table 5-5: MUROS Test Scenario 4 (MTS-4) with multiple asynchronous interferers

Reference | . . TSC Interferer Delay
Test nte_rferlng Interferer relative
Scenario Signal power level
MTS-4 Co-channel 1 0dB ¥ none 74 symbols
Co-channel 2 -10 dB none no delay
Adjacent 1 3dB none no delay
AWGN -17 dB - -

*) The power of the delayed interferer burst, averaged over the active part of the wanted
signal burst. The power of the delayed interferer burst, averaged over the active part of the
delayed interferer burst is 3 dB higher.

Whereby the modulation for co-channel 1 will be either: GMSK or MUROS type .

The modulation for co-channel 2 will be either: GMSK or MUROS type. The modulation for adjacent 1 will be either:
GMSK or MUROS. Only configurations, where all interferers are using the same modulation type, are considered.

Interference performance shall be based on C/I1 for multiple external cochannel inteferers, where C isrelated to the
total power of the received VAMOS signal (i.e. carrying two VAMOS subchannels) and 11 to the received power of the
dominant external cochannel interferer.

5.2.2.1 Interferer delay profiles

Interferer delay profiles for asynchronous network operation are foreseen to be specified to model the asynchronous
network operation merely on link level in order to generate a specific link to system mapping table used by the network
simulator running in synchronous mode. Thisis aligned to the proceeding in the SAIC Feasibility Study [5] as agreed at
GERAN#38. The specification of these interferer delay profilesis FFS.

A propsosal on interferer delay profiles has been submitted to the GERAN 1 Adhoc Meeting on MUROS on 89"
April in AHG1-080049. The discussion on these interferer delay profilesis ongoing.

5.2.3 Sensitivity limited scenarios

The link performance per each MUROS candidate shall be specified for sensitivity with AWGN included bothin DL
andin UL. Asagreed at GERAN#38 [6] the SNR is used both for downlink and uplink for sensitivity performance.
Power backoff resulting from modulation specific peak to average ratio should be taken into account and be included in
the performance results. In order to allow for a direct comparison with the reference case performance results should be
calibrated in such way that the power of all subchannels will be accumulated and this total power then is used to define
the SNR, both for DL and for UL.

5.2.4 Frequency Offsets

In addition a distribution function for frequency offsets shall be taken into account for each external interferer on DL. It
shall be applied in alignment to [5] asfollows:

Normal distribution with N(50 Hz,17 Hz) for low band (850/900 MHz).
Normal distribution with N(100 Hz,33 Hz) for high band (1800/1900 MHz).

5.2.5 Uplink Interferer Profiles

In uplink the same profiles MTS-1 through MTS-4 for external interferers are used. In addition the subchannels need to
be modelled as described below:

Thelink level analysis shall be performed for discrete values of the subchannel power imbalance ratios:

SCPIR=-15dB, -10dB, -5dB, 0dB, 5dB, 10 dB, 15 dB.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15

22

Note at least the performance for the worst subchannel is to be shown.

ETSI TR 145 914 V15.0.0 (2018-07)

In addition distributions shall be taken into account for the timing alignment error of both subchannel transmissions

5.3

and the frequency offset of paired subchannel and of external interferers:

Timing alignment error: adistribution function based on 0.0, 0.5 and 1.0 symbol is used as follows:

a) Probability (0 symbols) = 50%.
b) Probability (0.5 symbols) = 25%.
¢) Probability (1 symbol) = 25%.

Note for b) and c) in half of the cases the interferer on the paired subchannel is advanced, and in half of the
casesit is postponed related to the signal in the wanted subchannel. Timing alignment error is selected on a
burst basis, i.e. independent between successive bursts.

Frequency offset for the paired subchannel and for each external uplink interferer:

A distribution function for the frequency offset shall be taken into account since the M S frequency accuracy

is£0.1 ppmon UL asfollows:

a) Normal distribution with N(45 Hz,10 Hz) for low band (850/900 MHz).

b) Normal distribution with N(90 Hz,17 Hz) for high band (1800 MHz).

¢) Normal distribution with N(95 Hz,17 Hz) for high band (1900 MHz).

Note, the CIR on uplink is defined as a relative figure for the wanted sub channel under consideration as
proposed in [7] and agreed at 3GPP GERAN#39.

Network Configurations

Both blocking limited and interference limited scenarios are being eval uated to assess the performance of each MUROS
candidate technigue on system level. Three network configurations named MUROS-1, MUROS-2 and MUROS-3 are
depicted in Table 5-6. Additional parameters for system performance evaluation are contained in Table 5-7.

Table 5-6: Selected Network Configurations for MUROS (revised after MUROS telco#1).

Parameter MUROS-1 MUROS-2 MUROS-3
Frequency band (MHz) 900 900 1800
Cell radius 500 m 500 m 500 m
Bandwidth 4.4 MHz 11.6 MHz 2.6 MHz
Guard band 0.2 MHz 0.2 MHz 0.2 MHz
# channels excluding guard band 21 57 12
# TRX 4 6 4
BCCH frequency re-use 4/12 4/12 N.A.
TCH frequency re-use 1/1 3/9 (***) 1/3 ;11 (*%)
Frequency Hopping Synthesized Baseband Synthesized
Length of MA (# FH frequencies) 9 5 4,12 (**)
(BCCH non-
hopping)
Fast fading type Flat/ TU TU TU
BCCH or TCH under interest Both Both TCH

Network sync mode

sync (async*)

sync / async

sync (async*)

(*): depending on MUROS-2.

(**): reuse 1/1 with 12 frequencies requested by V odafone post tel co#1.
(***). Alternative TCH reuse 3/5.625 with Synthesized FH, MA length 8 and BCCH inclusion
requested by China Mobile post telco#1 was removed at GERAN#38 [6].
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Table 5-7: Parameters for Evaluation of MUROS system performance.

Parameter Value Unit
Sector Antenna Pattern 1) UMTS 30.03, 90° H-plane, |-
max transmitter gain: 13 dBi
and

2) 65° H-plane,
max transmitter gain: 18 dBi
agreed at 3GPP GERAN#39

Propagation Model UMTS 30.03, vehicular path |-

loss model
Log-Normal Fading: Standard Deviation 8 dB
Log-Normal Fading: Correlation Distance 110 m
Log-Normal Fading: Inter-Site Correlation 50 %
Handover Margin 3 dB

5.4 Channel Mode Adaptation

Channel mode adaptation is often used in real networks, e.g. when channel conditions become worse at the cell
boundary and switching to full rate mode becomes necessary. It makes use of an intracell handover, which may in case
of MUROS be initiated more often due to bad signal quality than due to insufficient signal power, and is based on the
specified speech codecsin Table 5-1. According to [4] a sophisticated channel mode adaptation comprising switching
between full rate and half rate channelsis not required for the purpose of comparing candidate techniques. Instead the
following approach has been agreed:

a) For comparison of the candidate techniques a non-MUROS / MUROS adaptation as depicted in Table 5-8 below
is applied:

Table 5-8: Channel Mode Adaptation for comparison of candidate techniques

Channel Mode Adaptation ~ Channel modes

Type AO GSM HR (Reference case)

Type Al GSM HR <-> MUROS (GSM HR)
Type BO AFS 12.2 (Reference case)

Type B1 AFS12.2 <-> MUROS (AFS 12.2)
Type CO AFS 5.9 (Reference case)

TypeC1 AFS5.9 <-> MUROS (AFS5.9)
Type DO AHS 5.9 (Reference case)

Type D1 AHS5.9 <-> MUROS (AHS 5.9)

b) For the complete candidate technique to be standardised, a channel rate change between full rate, half rate and
MUROS channel type and vice versa as depicted in Table 5-9 needs to be eval uated:

Table 5-9: Channel Mode Adaptation for specification of the candidate technique

Channel Mode Adaptation ~ Channel modes

Type EO AFS 12.2 <-> GSM HR (Reference case)

Type E1 AFS 12.2 <-> GSM HR <-> MUROS (GSM HR)

Type E2 AFS12.2 <-> MUROS (AMR 12.2) <-> MUROS (GSM HR)
Type FO AFS5.9 <-> AHS 5.9 (Reference case)

TypeF1 AFS5.9 <-> AHS 5.9 <-> MUROS (AHS5.9)

Type F2 AFS 5.9 <-> MUROS (AFS 5.9) <-> MUROS (AHS5.9)

The impact on speech FER due to the usage of channel mode adaptation is required to be taken into account in a vendor
specific way.

5.5 System Performance Evaluation Method

The following proceeding was agreed to assess the maximum network capacity gain:

- Step 1: The system isloaded without usage of MUROS candidate technique until minimum call quality
performance is not anymore ensured.
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- Step 2: The system is loaded with usage of MUROS candidate technique until minimum call quality
performance is not anymore ensured.

- Step 3: The performance in terms of network capacity is compared against each other according to the definition:

Capacity(with_ MUROYS)

Network Capacity Gain = - - .
Capacity(without _ MUROS)

Two system performance capacity metrics listed in Table 5-10 are defined. These will be used for BCCH layer, for TCH
layer and for total capacity.

Table 5-10: Capacity metrics for MUROS evaluation

Capacity metric Unit
Spectral efficiency Erl / MHz / Site
HW Efficiency Erl / TRX

Note, results should be given in terms of gains relative to the reference case using legacy channel types only, as
specified above in Table 5-8 and 5-9.

The evaluation should be done in such way, that switching between non-MUROS and MUROS channel modes based on
vendor specific channel mode adaptation thresholds shall be optimized for each channel mode adaptation type and in
addition for each network configuration as specified above in Table 5-8 and Table 5-9.

55.1 Definition of Effective Frequency Load for Mixed Frequency Reuse

The following definition is provided to clarify calibration of system performance in terms of EFL in case of a mixed
frequency reuse. This refersto the case that both hard blocking and soft blocking performance of MUROS are provided
as function of EFL. A unique definition of EFL should be used throughout the vendors for performance comparison.
Thisisneeded in particular for network configurations like MUROS-1 and MUROS-2 including TCH channels for
MUROS on BCCH and hence employing a mixed frequency reuse based on TCH layer and BCCH layer. This section
proposes a unique definition for EFL in case of mixed frequency reuse, given in the equation below.

EFL = A *100%

N Freq * aV(NTS_ per _TRX )

with A being the supported traffic in Erl as determined by the simulation (the equation is valid for FR and HR channel
modes, taking into account either full rate or half rate channel capacity as the number of supported simultaneous
connections for HR channel modes A and D is supposed to be higher than for FR channel modes B and C in most
cases), NFrreq the number of total frequencies composed of the TCH layer and the BCCH layer and @V(NTs per TRX)
the average number of available full rate channels or time slots per TRX derived from the total available timeslots for
MUROS usage in both layers and the total number of TRX.

An examplary determination of EFL is given hereafter.

Let us assume the network configuration MUROS-1 with 1 BCCH carrier and 3 TCH carriers. In this configuration the
TCH layer uses a frequency reuse 1/1 with 9 frequencies equivalent to the length of the Mobile Allocation, whilst the
BCCH layer utilizes 12 frequencies based on frequency reuse 4/12. Further assume both cases.

a) legacy full rate channel mode (e.g. CO) and
b) MUROS full rate channel mode (e.g. C1).

For both cases the average number of timeslots per TRX is given by
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N *
AV(Nis o o) =08 =383 _27_g7g
o NtotaI_TRX 3+1 4

and the total number of frequenciesis NFreq=12+9=21.

Thisyields for both cases

A

EFL=————
21*6.75

*100% = 0.7055%* A,

with Az being the simulated supported number of simultaneous connections for case a) and A, the corresponent one for
case b) for evaluation against the hard blocking limit of 2% or against the soft blocking limit (average FER for MUROS
FR < 2%, for MUROS HR < 3%).

Note: Evaluation of EFL performanceisoptional in MURQOS feasibility study.

5.6 Definition of Minimum Call Quality Performance
The following criteria for definition of minimum call quality performance were agreed:

- 1st Criterion: blocked calls< 2 %

- 2nd Criterion: satisfied user criterion fulfilled.

- averagecal FER <2 % for at least 95% usersin case of FR channel typei.e. for channel mode adaptation
types Bx and Cx in Table 5-8.

- averagecal FER < 3 % for at least 95% usersin case of HR channel type, i.e. for channel mode adaptation
types Ax and Dx in Table 5-8.

- 3rd Criterion: the relative performance of associated signalling channels compared against the traffic channel as
derived in link performance evaluation for a reference scenario shall be maintained for MUROS channel types.

- Thereference scenario is defined asfollows: DTS-2, DARP receiver, definition of mean performance offset
of FACCH and SACCH channels.

- applying corresponding fullrate codec type in case of MUROS fullrate codec.
- applying cooresponding halfrate codec type in case of MUROS halfrate codec.

Note that the criterion on dropped calls has not been included, as the study is targeting on voice quality under the
restiction of sufficient performance of associated siganiling channels. Nevertheless it isleft open to the proponents of a
candidate technique to add information on call dropped call rate. Note the average call FER threshold has been relaxed
from 1% to the above values according to [6] at GERAN#38.

5.7 Link-to-System Mapping

An agreement has been achieved at 3GPP GERAN#39 not to investigate further for DL and for UL the approach of a
common Link to System Mapping approach based on some proposals such as provided in [8] and [9].

Instead verification of L2S mapping inthe MTS-1 to MTS 4 scenarios shall be performed by each vendor.
- The SCPIR envisaged for the operation of the candidate technique shall be taken into account.
- Theevaluation shall be based on uncoded BER only.

Thelink to system mapping should be verified by the vendor through link level simulations. All modulations used in the
system simulations should be verified.
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5.8 Impairments of the Mobile Station

5.8.1 Subchannel power imbalance ratio on DL

Discussion at 3GPP GERAN#39 was based on contributions from different vendors reporting performance degradation
for legacy SAIC mobiles beyond a certain sub channel power imbalance ratio. The reported range was about 8 to 10 dB.

Since performance was believed to be different for all mobile receivers, vendors believed that it was difficult to agree
on a specific value for the maximum power imbalance. Taking this account in system simulations was felt to be
complicated as call quality is used as criterion for handovers and not the power imbalance.

Mobile vendors were invited to report any limitations on the SCPIR at the next MUROS tel co#6. At MUROS telco#6 it
was agreed to not specify a general constraint on limitations related to acceptable subchannel power imbalance ratios on
terminal side and to take into account terminal performance in avendor specific manner.

5.8.2 Frequency Offset Impairment Model in UL

A proposal in [10] to define alower figure than the current frequency offset of 100 Hz was discussed based on the
statement that 40 Hz would be a more readlistic assumption for the average frequency offset of each of both mobilesin
uplink subchannels. Mobile vendors were invited to report more realistic figures for the expected frequency offset at the
next MUROS telco#6. At MUROS telco#6 arefined frequency offset impairment model on UL was agreed. Thisis
depicted in section 5.2.5.

5.9 Reference BTS Receiver

Discussion on introducing a reference BTS receiver type such as dual antenna MRC or IRC during the MUROS
feasibility study took place at 3GPP GERAN#39.

Different network vendors preferred the usage of different BTS receiver types. It is agreed that a statement regarding
the complexity of the evaluated BTS receiver type for each vendor isincluded in the Technical Report. It was
considered as a limitation to the fesibility study to focus on asingle BTS receiver types, as some receiver types may
serve one candidate technique better than others. It was also agreed to identify the MUROS performance benefit related
to the reference based on the same BTS receiver type.

6 Speech Capacity Enhancement using DARP

6.1 Concept Description
6.1.1 Principle

DARP was specified to provide improved reception on the mobile station side when thereis ACI or CCI. However,
with good downlink signal quality there islittle benefit from DARP. This concept uses this fact to enhance speech
capacity.

DARP can work quite successfully with CCI of 0dB. Therefore the network can assign the same physical resources to
two mobile stations but allocating them different training sequence codes as depicted in Figure 6-1. Each mobile will
receive its own signal (shown in black in the figure) and that intended for the other co-TCH user (shown in red in the
figure).

On the downlink, each mobile station will consider the signal intended for the other mobile station asa CCI. The
receiving mobile station does not need to support any other enhancements than DARP. For optimum DARP
performance, the two signals intended for the two different mobile stations should ideally be phase shifted by n/2 for
their channel impul se response but less than this will aso provide adequate performance.

On the uplink each mobile station would use a different training sequence code. The network may use techniques such
asjoint detection to separate the two users on the uplink.
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Figure 6-1 Channel assignment for co-TCH operation

The above scheme is applicable to OSC signals (QPSK or apha-QPSK) MUROS signals. Thisisreferred to in chapter
7 for OSC and in chapter 8 for alpha-QPSK.

6.1.2 Downlink signal modulation schemes

DARP based co-TCH proposal is based on combining two base-band signals [6-1], although RF combining also works
for feasibility demo [6-2].

For future MUROS deployment one way of generating the DL signal isto linearly combine the two GM SK baseband
modulated signals and then feed into the RF modulator and power amplifier for transmission as shown in Figure 6-2.

GMSK

_Userl I Baseband

Code bits modulator

RF
Modulator
& PA
GMSK
User 2 Baseband R Phase
Code bits modulator i’ separation (O)

Figure 6-2 Linear baseband combining for co-TCH

The DARP based co-TCH MUROS method also works with QPSK as well as GMSK modulation schemes.

In this section a case analysis of three different types of MUROS modulation schemes for DL signals and their
spectrumsiis presented. They are

1. Linear sum of two GMSK signals (90 degree phase separation),
2. QPSK with liner Gaussian filter, and

3. QPSK with RRC (rall off 0.3) filter.
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6.1.2.1 Equal power level between two desired users

When two DARP phones with similar path loss are paired as MUROS callers, the power level provided to them should
be the same.

The I-Q plots for the three modul ations schemes are shown in Figure 6-3.
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QPSK LinearGausfilter

15

Figure 6-3 Baseband IQ plots for three MUROS DL modulation schemes

It can be seen that two GM SK linear combination and QPSK with Linear Gaussian filter have very similar 1-Q plots.
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6.1.2.2 Spectrum analysis

The spectrum analysis of the above three MUROS DL schemes are shown in Figure 6-4. Some difference is observed
when compared with reference [6-3] and need further clarification.
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Figure 6-4 Spectrum analysis for three MUROS DL signal modulation schemes

The plotsin Figure 6-4 show:

1) QPSK with RRC filter (roll off 0.3) spectrum is 10 dB higher than the GMSK spectrum between 140-200 kHz,
which could have advert effect for capacity enhancement. It is also wider than the spec defined GMSK mask for
useful part of the burst, and will increase ACI interference.

2) Thelinear combination of two GMSK signals has the same spectrum (curve overlapping) as normal GM SK
signals as expected. It is within the spec defined GMSK mask for useful part of the burst.

3) QPSK with Linear Gaussian filter (8PSK pulse shaping) is similar to GMSK.

Based on these observations, it is proposed that two GM SK linear combination and QPSK with Linear Gaussian filter
should be the candidates for MUROS DL modulation scheme.

6.1.2.3 Different power levels between two desired users
It has been found that when the two desired signal have different RF strengths, non-zero crossing can be achieved. For

example, linear combination of two GMSK signals with different separation anglesthe |Q plots are as shown in
Figure 6-5.
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Figure 6-5 1-Q plots for linear combination of two GMSK signals with different phase separation and
3dB power difference between the two MUROS signals

This could be very useful for pairing a high performance DARP phone with a non-DARP phone. We propose to use 90
degrees phase separation as simulation showed that this achieves the best performance for two MUROS users.

6.1.3 Power control in co-TCH MUROS operation

In MUROS mode the power given to each user is based on their need, provided that the power difference iswithin a
suitable range (i.e. 10dB) to provide sufficient signal quality for reliable reception by each mobile. Asan illustration of
the MUROS concept based on DARP phase | mobile we can consider the MUROS DL signal asalinear sum of two
independent GM SK modulated signals. Further more the modulation can be done at baseband as shown in Figure 6-6
below. Each baseband GM SK modulated signal isindividually power controlled by their gains (sina and cosa ) and
added together at baseband with relative phase reference of n/2. Then the MUROS baseband signal is modulated with
the carrier as MUROS DL RF signal with again of G.

GMSK
UL@, Baseband
Coded bits modulator

RF Modulator

@—» & PA(Power

ctrl G)
GMSK Pi/2
User 2. Baseband | || phase
Coded bits | modulator shift

Figure 6-6: MUROS signal format concept with sub user power control

6.1.4 BTS changes for co-TCH MUROS operation

For baseband modulation the following changes are required:
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Input port needs to have optional second voice channel, so that two voice streams can be modulated to form MUROS
DL signals.

The baseband modulator must be able to handle one- and two-channel binary stream. The one-channel is the same as
before. The two-channel function is needed when MUROS mode is on, so that the RF output is effectively two legacy
RF signals, possibly of different power levels, linearly added together with one rotated by 90 degree.

There are various ways of implementing the above requirements. In the examples given below BTS needs the following
two key parameters when sending downlink RF burstsin MUROS mode:

1. 1Q stream of normalised scale, which suits the resolution and dynamic range of the DAC, and

2. Appropriate power level of the burst, which drivesthe PA.

Hereis an example what MUROS BTS needs to do based on Figure 6-6:

1 From the path-loss of each of the two co-TCH mobiles, derive the required power level P1 for user 1 and P2 for
user 2. Both P1 and P2 are linear quantities.

2 Using P1 and P2, obtain the |Q amplitude ratio of the two usersasfollows: R =+/P2/P1 (P1>0, P2>0).
3 Determinethe digital gainsfor each of the two co-TCH mobiles:
For user 1, G1 = cos(a), and
For user 2, G2 = sin(a),
where a=arc tan(R) and & € [0, 7/ 2]
4 Decidethe Tx RF gain for the PA so that the Tx power level is
P=P1+P2
Another example of achieving the same effect is:

1 Alignthe two busts, and map user 1 and 2's burst level coded bitsto | and Q respectively. On I-axis 0>kG1,
1->-kG1. On Q-axis 0>kG2, 1>-kG2, where k is a scalar factor represents G1 and G2 in fix point format with
a satisfactory resolution.

User 2
Code bits

User 1
Code bits

Figure 6-7: Map two users' ith bits on to QPSK considering power control of both users

2 Apply Pi/2 phase rotation on every symbol progressively (just like EGPRS 3Pi/8 rotation on every symbol).
3 Apply Gaussian linear filter to satisfy the GSM spectrum mask.

Both of the above approaches give the same spectrum. Simulations based on both above schemes have the same
performance.

Examples of baseband 1Q trajectory have been described in section 6.1.2.3.
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In the case of one mobile in DTx mode, the corresponding gain control (G1 or G2) issimply set to O (in linear term, not
dB) while the other gain control is set to 1. If both users are in DTx mode then both gain controls are set to 0.

6.1.5  Adaptive pulse shapping for MUROS modulation

The MUROS study has showed that the VAM OS mode of operation needs adaptation of a few parameters to make
reliable and good voice services when two users are on one slot. These adaptations are, but not limited to, codecs
(AMR, FR, HR etc), FH to introduce user diversity, power imbalance to give suitable levels of RF signal to each
VAMOS user and increase the pairing range and providing suitable RF condition for legacy handsets (both DARP and
non-DARP) to perform. This section proposes afurther VAMOS physical layer adaptation scheme, an adaptation of
pulse shaping while keeping the VAMOS signal within the GMSK mask. The benefit isthat both users can improve their
performance by a couple of dB in the example of 5 dB power imbalance on FR.

Two VAMOS paired handsets could have different need of RF power, and require different C/1. Therefore their power
ratio could be different from unity. Hence the BTS would send VAMOS signal with the power imbalance (+10 dB to -
10 dB per MUROS working assumption) intended for the two users.

As shown in Figure 6-7a, is an improvement of the second approach. It has the same mapping shown in Figure 6-6, and
introduces different pul se shaping on the two paired users' baseband signal. The Pulse shaping A and B are related with
the power imbalance and adaptive to the 3 parameter. For the low RF power user, the pulse shaping can be root raised
cosine (RRC) filter and with broader bandwidth than the high powered user, while the sum of the two is still within the
existing GMSK mask.

User 1 TCH
burst bits = /2 *k
mp :
. phase shift Pulse
—————» BPSK L0 o [P S g A
on I axis on
cos(a) symbol
) 4 RF Modulator
4 ): & PA
A (Power ctrl G)
BPSK : hase shift use
User 2 TCH ) gain phase snill| shaping B
burstbits > | on Q axis | sin(c) | onkin [ 00
symbol

Figure 6-7a - Adaptive QPSK modulation with pulse shaping adaptation (A and B)

For asimple example, if user 2 isfurther away from the BTS than user 1, and user 2 has 5 dB more power than user 1,
the power imbalance is user 1/user 2 = -5 dB, then pulse shaping A for user 1 can be RRC with broader bandwidth than
shaping B for user 2, as user 1 has weaker RF signal than user 2.

VAMOS signals can use afamily of RRC pulse shapes (filters) that have different bandwidths to adapt to different
power imbalance cases. LGF/GM SK can be considered as the default pul se shaping/modulation. The principle of
adaptive pulse shaping is that the user with weak RF signal can use broader bandwidth pul se shaping, while the user
with strong RF signal has narrow bandwidth pul se shaping when suitable. It is suggested that the total sum satisfies the
GMSK mask asthe cell planning is based on that. In this way VAMOS can make better use of allocated resource more
efficiently and improve their performance without introducing considerable CCl or ACI to others without considering
other usersin the heavily loaded areas.

The benefits of the above adaptation scheme benefit both VAMOS users:

1 For aweaker one that has broader bandwidth it will have better performance. Thisis because the RF energy per
symbol is stronger than a narrow one, e.g. the conventional method (GMSK or LGF) on the user with less
indented Tx power (the weak RF user with DARP handset);

2 Theuser with big intended Tx power (the strong RF user, in the worst case without DARP handset) will have
better performance, as the RRC will minimize the I S| to the intended user and the interference to the other user.
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Our link level simulation results showed that it has double benefits. Numerous verifications have been made to come to
the above conclusions.

To illustrate the points above, one example of VAMOS pulse shaping adaptation can be a broader RRC on weak user
and one LGF on strong user, where both VAMOS users have their performance improved by a couple of dBs.
Simulations have been carried out with and without pul se shaping adaptation.

Pulse Shaping Adaptation has following conditions:
1 User 1, with greater RF power (say 5dB) than user 2, on LGF pulse shaping, and
2 User 2, with less RF power (correspondingly -5 dB) than user 1, on RRC pulse shaping.

Figure 6-7b shows the two pulses considered in time domain.

Pulse Shapes: LGF and RRC

1.2 ‘ ‘ ‘ ‘
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|
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Figure 6-7b - Two pulse shaping used in VAMOS adaptation

Figure 6-7c¢ shows the spectrum of relevant aspects, from which we can see that this VAMOS pul se shaping adaptation
satisfies the GM SK mask.
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Spectrum comparison for VAMOS pulse shapping adaptation D1/D2= -5dB
T T T T T T T
VAMOS adaptive QPSK D1 RRC + D2 LGF
GMSK Mask

— — — VAMOS adaptive QPSK D1 LGF+ D2 LGF

Power Spectrum Magnitude (dB)

Frequency (kHz)

Figure 6-7c - VAMOS spectrum satisfies the GMSK mask: Spectrum of adaptive QPSK VAMOS signal
with a RRC pulse shaping on weak signal and a linearised Gaussian pulse shaping (LGF) on strong
signal — power imbalance 5dB.

Figure 6-7c shows the performances of both VAMOS users on the two schemes. one with VAMOS pul se shaping
adaptation (the red curves - dots and diamonds), and the one only apply LGF, without VAMOS pulse shaping
adaptation (the blue curves — stars and crosses).

The pul se shaping adaptation shows that both VAMOS users have improved their performance by about 3 dB when
comparing with VAMOS LGF pulse shaping (see the two red curves are better than the two blue ones).
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MTS1 VAMOS (DARP and Non-DARP) on FR codec with RRC and LGF pulse shaping adaptation
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Figure 6-7d - MTS1 Performance improvement between the cases with and without VAMOS pulse
shaping adaptation

In general the widths of the pulse shaping functions can be linked to the power imbalance ratio. The bigger the power
imbal ance, the broader the weak one can have. The adaptation is to use RRC and the sum of the two has a spectrum
(with PA impairment) that respects the GMSK mask.

In practice a series of pulse shapes can be stored and indexed with the power imbalance decision made by the RRM
(radio resource manager). It needs just hundreds of words of memory to hold the coefficients of different pulse shapes,
and emploies a pointer that changes with the power imbalance decision made by the BT S between the two VAMOS
users.

In theory the pul se shaping adaptation on DL can be changed every frame. This may be used in frequency hoping case
when user diversity isintroduced. However in non-FH cases it may change based on SACCH report period, and then
the adaptation may happen every 480 ms or 120 ms with enhanced report mechanism. The actual rate of adaption is
flexible, from every frame to keeping them constant asit is currently. It is related with the two handsets RF conditions
at the time of voice services as well.

This contribution proposes that the afew RRC filters together with LGF and GM SK can be stored and adaptively used
with different power imbalance cases on adaptive QPSK VAMOS modulation signal. The scheme will keep the total
spectrum of the two inside the GM SK mask. Simulation shows that both users will benefit from this adaptation. In the
example of worst case (legacy DARP and non-DARP), both have been improved by 3to 4 dB in MTSL.

Since this scheme make better use of allocated spectrum in certain cases it may introduce slightly more CCl and ACI,
especialy to the next sector on the same site. However the point of adaptation isto explore the option so that optimum
benefit can be obtained. 1t should be noted that the pul se shaping can be narrower as well as broader than the
conventional one. So the CCl and ACI are managed in adaptive way to reach a better performance for both VAMOS
users and beyond.

Although the simulation result presented has not taken PA impairment into the consideration, the area where PA
impairment happens are deliberately left with arealistic margin. It is expected that the adaptation concept introduced
here would adapt to the situation in practice. While a small offset might be expected due to reality limitations,
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adaptation will improve the rel ative performance of the same situation, as shown in this contribution for the case
presented.

Since there are clear benefits on both VAMOS users, it is proposed that VAMOS modulation adaptation should include
the use of different RRC pulse shapes together with GM SK/LGF with regard to different level of power imbalance
while the GMSK mask is respected. We hope other companies to verify this proposal and work together to explore the
benefit of pulse shaping adaptation.

6.2 Performance Characterization

6.2.1 Link Level Performance

The performance of a DARP Phase 1 receiver is evaluated under the various configurations defined in chapter 5. The
legacy training sequence set and the Nokia training sequence (section 10.1.1) set was used in these simulations. A
MUROS capable mobile is assumed to support new training sequence codes, in this case the new TSC set proposed in
section 10.1.1. The legacy DARP Phase 1 mobile is assumed to support the legacy TSC set.

Configuration for link level simulations

The simulation configuration for MTS and sensitivity scenariosis shown in Table 6-1 below. In this configuration both
co-TCH users have the same power level.

Table 6-1 Link level simulation configuration for MTS scenarios

Parameter Value
MUROS Test Scenario | MTS-1, MTS-2, MTS-3, MTS-4 and Sensitivity
TSC | NSN 4 (desired) and Legacy 4
Audio Codec | GSM HR, GSM FR, AFS 12.2, AFS 5.9 and AHS 5.9
Frequency Hopping | Ideal Hopping and without hopping
Propagation environment | TU3 and TU50
DTX | Not used
Interferer Modulation | GMSK

6.2.1.1 Sensitivity performance

The link level sensitivity performance of MUROS (two user relative power of 0dB) is shown with and without ideal
frequency hopping where it applies. However it should be noted that with restricted bandwidth the frequency hopping
improvement can be far less.
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Figure 6-8: DARP Phase 1 mobile performance in sensitivity condition with static channel

This shows a good performance in static AWGN case, where mobile station can work in most places in a cell with
conventional cell planning.
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Figure 6-9: DARP Phase 1 mobile performance in sensitivity condition with TU3

The results show, as expected, that TU3 introduces 10dB degradation to static case, a major impact to sensitivity
performance. However ideal FH improve it by 5 to 7dB.
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Figure 6-10: DARP Phase 1 mobile performance in sensitivity condition with TU50

TUS0 introduces 5 to 7 dB degradation to static case and ideal FH improves by 1 dB, not as much as with TU3.

The conclusion is that MUROS works well in static condition but will have 10dB degradation for worst fading channel
which means TU3 does need frequency hopping.

6.2.1.2 Interference performance

6.2.1.2.1 MTS-1 configuration

The link level performance for MTS-1 configuration is shown in Figure 6-11 and Figure 6-12.
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Figure 6-11 DARP Phase 1 mobile performance in MTS-1 scenario with TU3
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Figure 6-12: DARP Phase 1 mobile performance in MTS-1 scenario with TU50

The spec point for a DARP Phase 1 receiver with GMSK modulated signal is also shown on the second graph in Figure
6-12. As can be seen that the performance of a DARP Phase 1 receiver with MUROS signal is around 3-4dB worse for
GSM FR, AFS5.9 and AHS5.9 codecs with iFH, which is reasonable as two users are supported simultaneously by the

same radio.

It isclear that even in MUROS mode DARP mobile can still suppress CCI by further 4 to 6 dBs compared with AWGN
as MTS-1 has coloured noise.

As expected with ideal frequency hopping, both TU3 and TUS50 performing equally well. Without frequency hopping, on
the other hand, TU3 degrades by 6 to 10 dB, and TU50 by 2 dB compared to the static case.

6.2.1.2.2

MTS-2 configuration

Thelink level performance for MTS-2 configuration is shown in Figure 6-13 and Figure 6-14.
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Figure 6-13: DARP Phase 1 mobile performance in MTS-2 scenario with TU3
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Figure 6-14: DARP Phase 1 mobile performance in MTS-2 scenario with TU50

The results show that MTS-2 is about 1 to 2 dB worse than AWGN, this means that when the interference type is mixed
CClsand ACls, it iseven harder than AWGN for DARP receiver to deal with. As usual, iFH would provide 4 to 9 dB
improvement in TU3 channel.

6.2.1.2.3 MTS-3 configuration
Thelink level performance for MTS-3 configuration is shown in Figure 6-15 and Figure 6-16.
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Figure 6-15: DARP Phase 1 mobile performance in MTS-3 scenario with TU3
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Figure 6-16: DARP Phase 1 mobile performance in MTS-3 scenario with TU50

Thelink level resultsfor MTS-3 are similar to MTS-1 for our receiver implementation.

6.2.1.2.4 MTS-4 configuration

The link level performance for MTS-4 configuration is shown in Figure 6-17 and Figure 6-18.
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Figure 6-17: DARP Phase 1 mobile performance in MTS-4 scenario with TU3
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Figure 6-18: DARP Phase 1 mobile performance in MTS-4 scenario with TU50

Thelink level results for MTS-4 are similar to MTS-2 for our receiver implementation.

6.2.1.3 Link level performance with power imbalance

This section shows the link level performance with power imbalance for the two co-TCH users. Following effects have
been studied:

On both paired users, both DARP with DARP and DARP with non-DARP;
The different TSCs;
Two codecs of AFS5.9 and HR;

A W N P

Different fading channels, including TU50 with iFH;
Different cases of sensitivity and MTS1,
The configuration for the link level simulation is shown in Table 6-2.

Table 6-2: Link level simulation configuration for power imbalance scenarios

Parameter Value
MUROS Test Scenario | Sensitivity and MTS1
TSC | NSN 4 and legacy TSC 4
Audio Codec | AFS 5.9 and HR
Frequency Hopping | with hopping
Propagation environment | AWGN and CCI
DTX | Not used
Power imbalance (dB) | 0, 2, 4, 6, 8 and 10 for the legacy MS
-2, -4, -6, -8 and -10 for the DARP MS
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Figure 6-19: MUROS mode performance of DARP mobile with power imbalance in AWGN (AFS 5.9)
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Figure 6-20: MUROS mode performance of DARP mobile with power imbalance in AWGN (GSM HR)
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Figure 6-21: MUROS mode performance of DARP mobile with power imbalance in MTS1 (AFS 5.9)

Figure 6-22: MUROS mode performance of DARP mobile with power imbalance in MTS1 (GSM HR)
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Figure 6-23: MUROS mode performance of DARP mobile with power imbalance in AWGN (AFS5.9)
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Figure 6-24: MUROS mode performance of DARP mobile with power imbalance in AWGN (GSM HR)
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6.2.1.4 SACCH performance on MUROS and non-MUROS

Signalling is an important part of MUROS operation. SACCH has a specia importance for maintaining the radio link for
voice service. For the purposes of comparison, SACCH performance for non-MUROS and MUROS are studied with
reference to five other codecs here.

6.2.1.4.1 Non-MUROS and MUROS Sensitivity Performance

Figure 6-25 shows SACCH performance simulated with non-MUROS (Con.) and MURQOS (0dB) modesin static, TU50
and TU3 channels with ideal frequency hopping.
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Figure 6-25: DARP Phase 1 mobile SACCH sensitivity performance with static, TU3, TU50 channels
and iFH on non-MUROS and MUROS (C1/AWGN)

Firstly, as expected with ideal FH, TU3 and TU50 are about the same.

Secondly, SACCH does not have strong FEC, and can degrade pretty quickly with poor RF conditions. Thisis shown by
1 The7 dB degradation from static to TU channel in non-MUROS mode.
2 The 6dB degradation on static channel from nhon-MUROS to MUROS mode.
3 The 3 dB degradation from non-MUROS to MUROS mode on TU channel (with ideal frequency hopping).

For comparison with the non-MUROS case, Figure 6-25 has been plotted without considering the total power, which
would be 3 dB more for this case.
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Figure 6-26: DARP Phase 1 mobile MURQOS (0dB) SACCH/TCHes performance comparison in TU3 iFH

For comparison of SACCH and TCH's Figure 6-26 shows that SACCH with equal power MUROS for the pair would
perform dlightly worse than AHS5.9, and more than 6 dB worse than AFS5.9. This means that

1 MUROS mode, as expected, near the cell edge is generally not as good as close to the cell centre.

2 If MUROS s used in sensitivity limited case, on AFS, SACCH could be the weakest link. Alternative power
imbalance and repeated SACCH would be helpful with4to 5 dB gain.

3 SACCH sengitivity performance is similar to AHS5.9 in MUROS mode (15 dB EbNo).

It is expected that HS and AHS are going to be the main focus on MUROS mode and the above shows that it should
fine for DARP phone working in MUROS mode when they are not near the cell edge.

6.2.1.4.2 Non-MUROS and MUROS Interference Performance

To understand the relative performance degradation between voice codecs and SACCH in non-MUROS and MUROS
mode, DTS1, DTS2, MTS-1 and MTS-2 are simulated at link level for five codecs and SACCH. Furthermore, link
level simulation results for SACCH, AFS5.9 and AHS5.9 in DTS-1 and DTS2 scenarios have been verified in the lab.
All link level MUROS simulations were performed 0dB power imbalance.

In the figures bel ow, the RF conditions are normalised to SACCH 2% FER point in order to see the relative
performance of five codecsin both non-MUROS (i.e. DTS) and MUROS (i.e. MTS) modes.

Note that the SACCH performance in each case will be the same irrespective of the speech codec.
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Figure 6-27: DARP Phase 1 mobile SACCH/TCH's performance in DTS-1 scenario with TU3 iFH

In non-MUROS mode, with just one CCI (DTS1), SACCH performanceisonly 3 dB better than AHS5.9, but worse than
other codecs listed above. However for HR it isonly about 1 dB worse. This shows the same conclusion: SACCH cannot
match some of the good AFS codecs. So in such cases repeated SACCH would be very helpful, as4 to 5 dB gain can be

obtained.
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Figure 6-28: DARP Phase 1 mobile SACCH/TCH's performance in MTS-1 scenario with TU3 iFH

In the case of MUROS (0dB pairing) MTS1, SACCH performance stays relatively the same (or slightly worse) to other
codecs with regards to DTS1. This means that there is no new SACCH issue when MUROS mode is used. In both
MTS1 and DTS repeated SACCH would help. Compare with AHS5.9 and HR it is not going to cause major issue if
RRC does good job on selecting the MURQOS pair in the first place.
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Figure 6-29: DARP Phase 1 mobile SACCH/TCH's performance in DTS-2 scenario with TU3 iFH
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Figure 6-30: DARP Phase 1 mobile SACCH/TCH's performance in MTS-2 scenario with TU3 iFH
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When comparing DTS2 with MTS2, SACCH performance seems better relatively to other codecsin MTS2 than DTS2.
Thisisdueto the case that DTS2 and MTS2 is not agood case for DARP to perform, and all codecs performance drop
more than SACCH, as SACCH does not have very good FEC anyway to take the advantage of better condition.

This shows that in non-MUROS mode (i.e. DTS-2) the SACCH performance is about 6 dB worse than the AFS5.9,
while in MUROS mode (i.e. MTS2) it is about 4 dB worse than AFS5.9, and becomes better than other four codecs
listed above.

Although SACCH may be the weak link, the condition under which MURQOS can perform well would have this
condition anyway.

Itisclear that SACCH performanceis not as good as performance of some AMR codecs. But if MUROS is going to be
used with HR and AHS, then SACCH is about the same performance and should be fine. In case SACCH needs to be
improved, following method can be used:

1 Repeated SACCH could give 4to 5 dB gain.
2 Alternatively giving high power for SACCH could be used to help the onein trouble.

3 Time offset of SACCH frame between neighbor cells to avoid SACCH shouting together. This could help in this
case of synchronized network.

It isalso true that SACCH should not be expected to be the same performance in order to maintain the voice service. It
has a wider range of acceptance by the network.

6.2.2
6.2.2.1

Network Level Performance

System Setup and Configurations

The performance of a DARP Phase 1 receiver [6-2] is evaluated via system simulations for the various configurations
and working assumptions defined in this TR. The system simulator provides snapshot system performance using a 19
site, 3 cellg/site wraparound layout. The simulator completely models both fast and slow fading between each receiver
and transmitter. However the simulator does not model mobility and handoff. The simulation results should be
interpreted as average snapshot system performance for that particular configuration.

The system parameters of interest are reproduced below in Table 6-3.

Table 6-3: Different network configurations for MUROS system simulations

6.2.2.1.1

Parameter MUROS-1 MUROS-2 MUROS-3A | MUROS-3B
Frequency band | 900 900 1800 1800
(MHz)
Cell radius 500 m 500 m 500 m 500 m
Bandwidth 4.4 MHz 11.6 MHz 2.6 MHz 2.6 MHz
Guard band 0.2 MHz 0.2 MHz 0.2 MHz 0.2 MHz
# channels excluding | 21 57 12 12
guard band
# TRX 4 6 4 4
BCCH frequency re- | 4/12 4/12 N.A. N.A.
use
TCH frequency re-use | 1/1 3/9 1/3 1/1
Frequency Hopping Synthesized | Baseband Synthesized | Synthesized
Length of MA (# FH | 9 5 4 12
frequencies)
Fast fading types TUB0/TU3 | TUS0/TU3 | TUS0/TU3 | TU5S0/TU 3

Enabled features for system simulations

The system simulation was run with the following features included:
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Table 6-4: Common configuration parameters for all MUROS modes

Feature Description
Modulation GMSK (single user), 2-GMSK (MUROS mode)
Audio Codecs GSM HR, AFS 12.2, AFS 5.9 and AHS 5.9
Frequency Hopping Randomized (for both Synthesized and Baseband hopping modes)
DTX 60% voice activity period
Antenna pattern Both 65° and 90° 3dB antenna bandwidth as agreed in GERAN
Telco#5
Transmission on BCCH BCCH Frequency is used only for transmission to users with low
ARFCN RXQUAL on TCH;
MUROS is not enabled on BCCH
Power Control Sub-channel specific power adjustment.
MS Receiver Type For y% penetration of MUROS case,
y% : DARP Phase 1, MUROS aware
0.7 (100-y)%: DARP Phase 1 (not MUROS aware)
0.3 (100-y)%: non-DARP Phase 1

For the different scenarios, the system was simulated to determine the maximum number of supportable channels per
sector satisfying the FER criterion specified in this TR. The voice cal arrival process as specified inthisTR is
separately accounted for to determine the Erlang capacity. In case of 100% penetration, there is only a single queue of
users and the relation between maximum number of supportable channels and Erlang capacity is given by the following
equation:

5 _ ("IN
Z(/))i/i!

where p isthe Erlang capacity, N isthe number of voice channels that can be supported without violating FER
constraints (obtained through simulation), and B ) is the blocking probability. Erlang capacity is determined for

B , = 0.02. In case of less than 100% penetration, there are two queues of users and the arrival process is separately

simulated to determine the Erlang capacity based on maximum number of supportable users determined using system
simulations.

This approach is relatively simple and has merits over modeling the arrival and departure process in system simulations
which are already computationally and memory intensive. Since the mean voice call service time is 90 seconds,
simulations would need to be run for extremely long durations to reliably model the statistical arrival/departure
processes and to average out the short-term statistical variations. Otherwise the results can be greatly affected by
simulation noise.

6.2.2.1.2 Simulated Channel Mode Adaptations

Maximum system capacity was determined for each audio codec in both single-user and MUROS modes. For the
current set of results being presented, dynamic codec/rate adaptation was not considered.
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Table 6-5 Channel mode definitions

Channel Mode Description
Adaptation
Type A0 GSM HR for single-user mode
Type Al GSM HR for MUROS mode
Type BO AFS 12.2 for single user mode
Type B1 AFS 12.2 for MUROS mode
Type CO AFS 5.9 for single user mode
Type C1 AFS 5.9 for MUROS mode
Type DO AHS 5.9 for single user mode
Type D1 AHS 5.9 for MUROS mode
6.2.2.2 Simulation Results

The criteriafor minimum call quality used to determine system capacity is described in this TR. The capacity results are
presented separately for TU3 and TU50 channel models and for each antenna pattern. The configurations where
MUROS shows capacity gains are highlighted in green.

6.2.2.2.1 MUROS-1 with 100% penetration
6.2.2.2.1.1 TU 50km/hr channel model

Table 6-6: Simulation results for MUROS-1, TU50 with 65° Antenna

Spectral Hardware
Channel Max supportable Efficiency Efficiency
Mode channels/sector (Erl/MHz/Site) (Erl#TRX) Limiting Factor
Type AO 54 35.52 10.99 Blocked calls
Type Al 81 56.24 17.40 Call quality (FER > 3%)
Type BO 27 15.56 4.81 Blocked calls
Type B1 35 21.33 6.60 Call quality (FER > 2%)
Type CO 27 15.56 4.81 Blocked calls
Type C1 51 33.25 10.29 Blocked calls
Type DO 54 35.52 10.99 Blocked calls
Type D1 58 38.59 11.94 Call quality (FER > 3%)

Table 6-7: Simulation results for MUROS-1, TU50 with 90° Antenna

Spectral Hardware
Channel Max supportable Efficiency Efficiency
Mode channels/sector (Erl/MHz/Site) (Erl#TRX) Limiting Factor
Type AO 54 35.52 10.99 Blocked calls
Type Al 74 50.83 15.73 Call quality (FER > 3%)
Type BO 27 15.56 4.81 Blocked calls
Type B1 30 17.70 5.47 Call quality (FER > 2%)
Type CO 27 15.56 4.81 Blocked calls
Type C1 51 33.25 10.29 Blocked calls
Type DO 54 35.52 10.99 Blocked calls
Type D1 56 37.05 11.46 Call quality (FER > 3%)
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6.2.2.2.1.2 TU 3km/hr channel model

Table 6-8 Simulation results for MUROS-1, TU3 with 65° Antenna

Spectral Hardware
Channel Max supportable Efficiency Efficiency
Mode channels/sector (Erl/MHz/Site) (Erl/#TRX) Limiting Factor
Type AO 54 35.52 10.99 Blocked calls
Type Al 65 43.92 13.59 Call quality (FER > 3%)
Type BO 23 12.73 3.94 Call quality (FER > 2%)
Type B1 23 12.73 3.94 Call quality (FER > 2%)
Type CO 27 15.56 4.81 Blocked calls
Type C1 40 25.01 7.74 Call quality (FER > 2%)
Type DO 46 29.49 9.13 Call quality (FER > 3%)
Type D1 46 29.49 9.13 Call quality (FER > 3%)

Table 6-9 Simulation results for MUROS-1, TU3 with 90° Antenna

Spectral Hardware
Channel Max supportable Efficiency Efficiency
Mode channels/sector (Erl/MHz/Site) (ErlI#TRX) Limiting Factor
Type AO 54 35.52 10.99 Blocked calls
Type Al 59 39.35 12.18 Call quality (FER > 3%)
Type BO 21 11.31 3.50 Call quality (FER > 2%)
Type B1 21 11.31 3.50 Call quality (FER > 2%)
Type CO 27 15.56 4.81 Blocked calls
Type C1 37 22.83 7.06 Call quality (FER > 2%)
Type DO 41 25.78 7.98 Call quality (FER > 3%)
Type D1 41 25.78 7.98 Call quality (FER > 3%)

The results for MUROS-1 show 30-100% gainsin Erlang capacity in the cases of TU50 with 65° antenna pattern. With
TU3 however, it is not possible to increase voice capacity with MUROS in cases where users have less resilient codecs
(AFS12.2 and AHS 5.9). The performance under the 90° antenna pattern is marginally worse than that achieved with
65° antenna pattern.

6.2.2.2.2 MUROS-2 with 100% penetration
6.2.2.2.2.1 TU 50km/hr channel model

Table 6-10: Simulation results for MUROS-2, TU50 with 65° Antenna

Max supportable Speptral Ha.rd.ware N
Channel channels/sector EfflClency Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)

Type AO 86 22.26 12.41 Blocked calls
Type Al 166 45.61 25.43 Call quality (FER > 3%)
Type BO 43 10.09 5.62 Blocked calls
Type B1 83 21.39 11.92 Blocked calls
Type CO 43 10.09 5.62 Blocked calls
Type C1 83 21.39 11.92 Blocked calls
Type DO 86 22.26 12.41 Blocked calls
Type D1 166 45.61 25.43 Call quality (FER > 3%)
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Table 6-11: Simulation results for MUROS-2, TU50 with 90° Antenna

ral Hardware
Channel h:t?;nsnueﬁgggggf ESffFi)gicetniy Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)
Type AO 86 22.26 12.41 Blocked calls
Type Al 166 45.61 25.43 Call quality (FER > 3%)
Type BO 43 10.09 5.62 Blocked calls
Type B1 83 21.39 11.92 Blocked calls
Type CO 43 10.09 5.62 Blocked calls
Type C1 83 21.39 11.92 Blocked calls
Type DO 86 22.26 12.41 Blocked calls
Type D1 166 45.61 25.43 Call quality (FER > 3%)
6.2.2.2.2.2 TU 3km/hr channel model
Table 6-12: Simulation results for MUROS-2, TU3 with 65° Antenna
Hardware
Channel l\éls;nsnuerfggret?tbolf Esfﬁgicérr,i'y Efficiency Limiting Factor
Type (Erl/MHz/Site) (ErlI/HTRX)
Type AO 86 22.26 12.41 Blocked calls
Type Al 166 45.61 25.43 Call quality (FER > 3%)
Type BO 43 10.09 5.62 Blocked calls
Type B1 70 17.67 9.85 Call quality (FER > 2%)
Type CO 43 10.09 5.62 Blocked calls
Type C1 83 21.39 11.92 Blocked calls
Type DO 86 22.26 12.41 Blocked calls
Type D1 166 45.61 25.43 Call quality (FER > 3%)
Table 6-13: Simulation results for MUROS-2, TU3 with 90° Antenna
Hardware
Channel l\éls;nsnuerfggret?tbolf Esfﬁgicérr,i'y Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)
Type AO 86 22.26 12.41 Blocked calls
Type Al 166 45.61 25.43 Call quality (FER > 3%)
Type BO 43 10.09 5.62 Blocked calls
Type B1 69 17.39 9.69 Call quality (FER > 2%)
Type CO 43 10.09 5.62 Blocked calls
Type C1 83 21.39 11.92 Blocked calls
Type DO 86 22.26 12.41 Blocked calls
Type D1 166 45.61 25.43 Call quality (FER > 3%)

In the MUROS-2 configuration with 100% penetration, gains are possible with all codecs and channel types. With
TUSO0, spectral efficiency gains of greater than 100% are possible and the achievable gains are limited by blocked calls
inall cases. With TU3, gains as high as 90% are possible. Thereislittle difference in observed results with different
antenna patterns.
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6.2.2.2.3 MUROS-3A with 100% penetration
6.2.2.2.3.1 TU 50km/hr channel model
Table 6-14 Simulation results for MUROS-3a, TU50 with 65° Antenna
Hardware
Channel l\éllilgnsnuerfggret?tbohf Esfﬁgic;rr,i'y Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 121 125.02 27.09 Call quality (FER > 3%)
Type BO 32 27.35 5.93 Blocked calls
Type B1 49 45.35 9.82 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 64 61.62 13.35 Blocked calls
Type DO 64 61.62 13.35 Blocked calls
Type D1 80 79.21 17.16 Call quality (FER > 3%)
Table 6-15 Simulation results for MUROS-3a, TU50 with 90° Antenna
Spectral Hardware
Channel hc/lﬁgnsnueﬁgggggf Efficiency Efficiency Limiting Factor
Type (Erl/MHz/Site) (ErlI/#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 114 117.17 25.39 Call quality (FER > 3%)
Type BO 32 27.35 5.93 Blocked calls
Type B1 48 44.25 9.59 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 64 61.62 13.35 Blocked calls
Type DO 64 61.62 13.35 Blocked calls
Type D1 72 70.38 15.25 Call quality (FER > 3%)
6.2.2.2.3.2 TU 3km/hr channel model
Table 6-16: Simulation results for MUROS-3a, TU3 with 65° Antenna
M | Spectral Hardware
Channel Cﬁ;nsnueﬁggggtbo? Efficiency Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 76 74.83 16.21 Call quality (FER > 3%)
Type BO 23 18.17 3.94 Call quality (FER > 2%)
Type B1 23 18.17 3.94 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 50 46.44 10.06 Call quality (FER > 2%)
Type DO 46 42.12 9.13 Call quality (FER > 3%)
Type D1 46 42.12 9.13 Call quality (FER > 3%)
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Table 6-17: Simulation results for MUROS-3a, TU3 with 90° Antenna

tral Hardware

Channel h:t?;nsnueﬁgggggf Esfﬁgiceniy Efficiency Limiting Factor

Type (Erl/MHz/Site) (ErI#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 68 66.00 14.30 Call quality (FER > 3%)
Type BO 22 17.13 3.71 Call quality (FER > 2%)
Type B1 22 17.13 3.71 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 48 44.25 9.59 Call quality (FER > 2%)
Type DO 40 35.71 7.74 Call quality (FER > 3%)
Type D1 40 35.71 7.74 Call quality (FER > 3%)

In MURQOS-3a, 60-125% capacity gains are achievable with MUROS for al codecs and channel types with TU 50
channel model. With TU3 capacity gains are observed only in the cases of GSM HR and AFS 5.9. Also worth noting is
that MUROS-3a shows the highest achievable spectral efficiency values among all simulated deployment scenarios.
This explains why there are cases where all TRX can not be maximally utilized even without MUROS. There are slight
differences in performance between 65° and 90° antenna patterns, though the differences are marginal.

6.2.2.2.4 MUROS-3B with 100% penetration
6.2.2.2.4.1 TU 50km/hr channel model
Table 6-18: Simulation results for MUROS-3b, TU50 with 65° Antenna

M | Spectral Hardware
Channel ct?:\nsnuepl)g/zggtbo? Efficiency Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 90 90.35 19.58 Call quality (FER > 3%)
Type BO 32 27.35 5.93 Blocked calls
Type B1 37 32.60 7.06 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 64 61.62 13.35 Blocked calls
Type DO 64 61.62 13.35 Blocked calls
Type D1 65 62.71 13.59 Call quality (FER > 3%)
Table 6-19: Simulation results for MUROS-3b, TU50 with 90° Antenna
Spectral Hardware
Max supportable Efficiency Efficiency
Channel channels/sector Limiting Factor
Type (Erl/MHz/Site) | (Erl/#TRX)
Type AO 64 61.62 13.35 Blocked calls
Type Al 83 82.56 17.89 Call quality (FER > 3%)
Type BO 32 27.35 5.93 Blocked calls
Type B1 34 29.42 6.37 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 64 61.62 13.35 Blocked calls
Type DO 60 57.23 12.40 Call quality (FER > 3%)
Type D1 60 57.23 12.40 Call quality (FER > 3%)
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6.2.2.2.4.2 TU 3km/hr channel model
Table 6-20: Simulation results for MUROS-3b, TU3 with 65° Antenna
Spectral Hardware
Channel h:t?;nsnueﬁggggfclf Efﬁciency Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)
Type AO 63 60.52 13.11 Call quality (FER > 3%)
Type Al 63 60.52 13.11 Call quality (FER > 3%)
Type BO 19 14.19 3.07 Call quality (FER > 2%)
Type B1 19 14.19 3.07 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 43 44.25 8.44 Call quality (FER > 2%)
Type DO 36 31.50 6.83 Call quality (FER > 3%)
Type D1 36 31.50 6.83 Call quality (FER > 3%)
Table 6-21: Simulation results for MUROS-3b, TU3 with 90° Antenna
Spectral Hardware
Channel '\élt?;nsnueﬁgggggf Efﬁciency Efficiency Limiting Factor
Type (Erl/MHz/Site) (Erl/#TRX)
Type AO 55 51.81 11.23 Call quality (FER > 3%)
Type Al 55 51.81 11.23 Call quality (FER > 3%)
Type BO 16 11.31 2.45 Call quality (FER > 2%)
Type B1 16 11.31 2.45 Call quality (FER > 2%)
Type CO 32 27.35 5.93 Blocked calls
Type C1 37 32.60 7.06 Call quality (FER > 2%)
Type DO 33 28.38 6.15 Call quality (FER > 3%)
Type D1 33 28.38 6.15 Call quality (FER > 3%)

With MUROS-3b, modest gains are observed with three of the four codec cases under the TU50 channel model (19 —
125%). With TU3 channel model, however, the capacity gains are seen only in the case of AFS 5.9, depending on the
antenna pattern under consideration. The antenna pattern significantly affects performance in MUROS-3b and call
quality limitations are observed with lesser numbers of users than in the corresponding cases of MUROS-3a.
6.2.2.2.5 MUROS-2 with less than 100% penetration

In this setup we only consider the 65° antenna pattern with the half rate codecs (GSM HR and AHS 5.9).
6.2.2.25.1 TU 3km/hr channel model

Table 6-22 :Simulation results for MUROS-2, TU3 with 65° Antenna: The penetration levels are related
to MUROS/DARP/non-DARP receiver type

Channel Penetration Penetration Penetration Penetration
Type (0/70/30) (25/50/25) (50/35/15) (75/17.5/7.5)
yp (Erl/MHz/Site) | (Erl/MHz/Site) | (Erl/MHz/Site) | (Erl/MHz/Site)
21.38 21.38 21.38 21.38
Type AO (Blocking) (Blocking) (Blocking) (Blocking)
21.38 30.50 38.27 41.26
Type Al (Blocking) (Blocking) (Blocking) (Blocking)
21.38 21.38 21.38 21.38
Type DO (Blocking) (Blocking) (Blocking) (Blocking)
21.38 30.50 37.0 41.26
Type D1 (Blocking) (Blocking) (Call Quality) (Blocking)

We see gainsin all penetration cases with MUROS because DARP receiver types can be paired with MUROS mobiles
without loss of performance. Though the channel allocation algorithm avoids pairing of MUROS mobiles with non-
DARP mobiles, the random arrival sometimes lead to large number of non-DARP mobiles. In certain scenarios, the
channel alocation algorithm even pairs MUROS mobiles with non-DARP mobiles with good received signal strength.
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6.2.2.2.6 Summary

The percentage increases in voice capacity for the different MUROS configurations with different codecs are
summarised in the following Tables.

Table 6-23: Summary results with 100% penetration for TU50 with 65° Antenna

Table 6-24: Summary results with 100% penetration for TU50 with 90° Antenna

Table 6-25: Summary results with 100% penetration for TU3 with 65° Antenna

Table 6-26: Summary results with 100% penetration for TU3 with 90° Antenna

Channel Type | MUROS-1 | MUROS-2 | MUROS-3a | MUROS-3b
Type A 58.4% 104.9% 102.9% 46.6%
Type B 37.1% 112% 65.8% 19.2%
Type C 113.7% 112% 125.3% 125.3%
Type D 8.6% 104.9% 28.6% 1.8%

Channel Type | MUROS-1 | MUROS-2 | MUROS-3a | MUROS-3b
Type A 43.1% 104.9% 90.2% 34.0%
Type B 13.7% 112% 61.8% 7.6%
Type C 113.7% 112% 125.3% 125.3%
Type D 4.3% 104.9% 14.2% 0%

Channel type | MUROS-1 | MUROS-2 | MUROS-3a | MUROS-3b
Type A 23.7% 104.9% 21.4% 0%
Type B 0% 75.1% 0% 0%
Type C 60.8% 112% 69.8% 42.4%
Type D 0% 104.9% 0% 0%

Channel type | MUROS-1 | MUROS-2 | MUROS-3a | MUROS-3b
Type A 10.8% 104.9% 7.1% 0%
Type B 0% 72.3% 0% 0%
Type C 46.7% 112% 61.8% 19.2%
Type D 0% 104.9% 0% 0%

Table 6-27: Summary results with less than 100% penetration: MUROS-2, TU3 with 65° Antenna: The
penetration levels are related to MUROS/DARP/non-DARP receiver type

Channel type 25% 50% 75%
Penetration | Penetration | Penetration
(25/52.5/22.5) (50/35/15) (75/17.5/7.5)
Type A 42.6% 79% 93.0%
Type D 42.6% 67% 93.0%

In calculation of percentage gainsin Table 6-27, the reference receiver ratio is always 0/70/30, though we don't expect
the legacy performance to change with any mix ratio in MUROS-2 deployment scenario, and so the percentage gains
will remain same.

6.2.2.3 Performance Summary

Generally, the results for TU-50 channel performance exceed TU-3 performance results for each MUROS configuration
and channel mode pair. Significant gains with MURQOS are observed in almost all deployment scenarios with TU-50.
By comparison, the TU-3 channel lacks short-term time diversity and many users struggle to meet the minimum FER
criteriain cases with tight reuse.

We do observe significant MUROS gains even in TU-3 in deployment scenarios which are not inherently interference
limited, notably in the low-reuse MURQOS-2 configuration. More modest gains are observed in tighter network-planned
frequency reuse scenarios such as MUROS-3a, when paired with the AFS 5.9 codec, and to a lesser extent with the
GSM HR codec.
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MUROS-1 and MUROS-3b are reuse 1:1 deployments, and the system becomes interference limited, especially when
less robust codecs (such as AFS 12.2, AHS 5.9) are assigned across all usersin the cell. The interference limitations of
1:1 frequency reuse patterns are most acutely seen in the MURQOS-3b configurations (which also lack BCCH
scheduling). In MUROS-3b, as with MUROS-1, frequency hopping results in interference averaging. However, the
antenna patterns used in all configurations do not provide adequate inter-cell interference suppression (maximum of 20
dB from the neighboring cells of same site). The 90° antenna pattern provides worse performance than 65° antenna
pattern due to increased inter-cell interference. The DARP receiver provides some interference cancellation but its gains
become limited when multiple high interference components are present.

In contrast, the network frequency planning (1:3 reuse) of MUROS-3a provides a measure of intra-site interference
avoidance from neighbor cells that the similar MUROS-3b configuration lacks. As aresult, for equivalent levels of
traffic loading, users across the system suffer significantly in the 1:1 reuse scenarios of MUROS-3b.

We also see that MUROS provides observabl e benefits when co-existing in deployments with older legacy handsets.
For differing levels of MUROS penetration, our results show the general determining factor for system capacity gains
remains the channel blocking. The MUROS gains are significant even at lower levels of penetration, with the biggest
marginal capacity increase seen between 25% and 50% levels of penetration.

6.2.3 Performance Summary

Two GMSK linear combine and QPSK with 8PSK pulse shaping used for EDGE are similar and keep the spectrum
unchanged. They should be the candidate for MUROS DL signal modulation.

MUROS operation needs afew dB margin when compared with current GSM spec points. It is necessary for MUROS
operation to work under comparatively better RF condition than normal operation (one caller on one slot) as expected.
When the condition of the RF channel become less favorable to MUROS, network should switch the DARP phone back
to its normal operation in which the DARP capability can be used for cancelling interference from other cells, asit was
intended originaly.

Together with the originally intended DARP application, MUROS mode will make better use of DARP capability and
enhance the capacity by 100% without changing the traditional frequency planning. Network system level study will be
necessary to give in-depth indication of capacity gain under various conditions.

6.2.4  Verification of Link to System Mapping

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed
at GERAN#41.

6.3 Impacts on the Mobile Station

The co-TCH concept requires that one of the two mobile stations must support DARP Phase 1. It is not necessary for
the two mobiles to support new training sequence codes provided the network assigns a different TSC to each of the
two mobile stations and these two training sequence codes are not used by neighbour cells which use the same
frequency (ARFCN).

For new mobilesit is desirable to support the new TSC set in addition to the existing TSC set so that network has more
flexibility in selecting TSCs. The new TSC set isrequired to have minimum cross-correlation properties with legacy
TSC set. Therefore, it is proposed that MUROS capable mobiles support new TSC set and legacy TSC set. In order to
support the use of this new TSC set, Radio Resource signalling changes would be required.

6.4 Impacts on the BSS
6.4.1 Impact on BTS transmitter

For MUROS operation, baseband modulator has to have
1 Abisbandwidth that can carry twice as much as the voice data before MUROS deployment.
2 Two voice channel inputs that can be activated with any of four combinations, i.e.
a) both userl and 2 are on (MUROS mode);

b) both userl and 2 are off (MUROS mode with both user on DTX);
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¢) userlison, and user 2is off (either conventional mode, or user 2 isin DTx); and
d) userlisoff, and user 2 ison (either conventional mode, or user 1isin DTX).

If in conventional mode or one user isin DTX mode, then BTS only transmits GM SK for one user only. If both
usersare in DTx mode, no downlink transmission is needed for this burst.

3 Two different TSCsthat are applied to corresponding streams of burst payload when necessary, according to
above user 1 and 2 configuration on burst by burst basis.

4 New baseband combining function (could be implemented as FW function).

5 TheRF Tx needslinear PA that is capable of handling small percentage of zero crossings. Those BTS that has
8PSK Tx capability would also be suitable.

When both channels are activated, the baseband modulator can take both streams of binary data with two different TSCs
applied to corresponding payload streams, and modulate them in such away that:

1 It satisfiesthe GMSK mask defined in spec.

2 They are effectively the linear sum of the two independent burst signals that can be well received by legacy
mobile stations. For the best channel separation, 90 degrees phase shift between the two independent bursts are
needed.

The two signals for each MUROS caller can be of different amplitudes.

6.4.2 Impact on BTS receiver

The receiver needs to be able to decode the two GM SK modulated signals that are separated by a TSC. There are
number of BTS receiver techniques that can be employed to provide adequate performance on the uplink, such as duel
antenna, joint detection. In general BTS receiver performance is better than M S receiver performance.

6.4.3 Impact on Radio Resource Management

Radio Resource Management (RRM) is considered the most vital component in voice capacity enhancement. RRM has
to:

- Determine the most appropriate users to pair together. This may involve the power requirements of each user;
the rate of power change; signal quality

- Power control isacrucia part to provide maximum benefit from MUROS mode of operation. Power control can
alow users with varying channel conditions to be kept in MUORS mode for longer. Fast power control (i.e.
Enhanced Power Control) can be valuable for MUROS mode operation.

- Determine most appropriate point to un-pair users. This has to be a balance between maintaining call quality and
spectral efficiency.

In order to support pairing and un-paring of users BSS can use existing procedures to move users from one TCH to
another (i.e. intra-cell handover command or assignment command). It is down to BSS implementation which is used.

6.5 Impacts on Network Planning

With increased air interface capacity there would inevitably be a need to increase Abis bandwidth. The Abis bandwidth
would need to be dimensioned to support the maximum air interface users. For example, if air interface supports twice
as many full rate usersthen Abis interface would also need to double the bandwidth. The timeline for upgrading Abisto

support additional users depends on the deployment of MUROS capable mobiles, as proportion of MUROS capable
mobiles increase, the Abis bandwidth would need to be increased accordingly.

6.6 Impacts on the Specification

The impact on specificationsis shown in Table 6-28 below.
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Table 6-28: Impact on specification with co-TCH

3GPP Specification Impact
TS 44.018 — RR signalling Signalling changes to support new TSC for use with CS
connections.
TS 24.008 Signalling changes for MS to indicate support for new
TSC set.
TS 45.002 Define new TSC set.
TS 45.004 Define new modulation scheme for downlink.
TS 45.005 Define performance requirements for MUROS type
modulation.
TS 51.010 Define new performance and signalling tests cases for
MUROQOS capable mobiles.

6.7 Summary of Evaluation versus Objectives

In this section the candidate technique is evaluated against the defined objectivesin chapter 4. Note, this section
represents the view of the proponents of this candidate technique.

The following classification is used for the eval uation:

. Fulfilled

Expected to be fulfilled

Unclear/FFS

Not fulfilled

6.7.1 Performance objectives

Performance Objectives Candidate Technique: Co-TCH

P1: Capacity Improvements at the 1) Gains have been shown to be between 0 and 125
BTS % depending on the system scenario and speech

1) increase voice capacity of GERAN in order codec.
of a factor of two per BTS transceiver

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

P2: Capacity Improvements at the

air interface

1) enhance the voice capacity of GERAN by
means of multiplexing at least two users
simultaneously on the same radio resource
both in downlink and in uplink

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS
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Compatibility Objectives

C1: Maintainance of Voice Quality
1) voice quality should not decrease as
perceived by the user.

2) A voice quality level better than for GSM HR
should be ensured.

C2: Support of Legacy Mobile
Stations

1) Support of legacy MS w/o implementation
impact.

2) First priority on support of legacy DARP
phase 1 terminals, second priority on support
of legacy GMSK terminals not supporting
DARP phase 1.

Candidate Technique: Co-TCH

2) Legacy DARP Phase | terminals will be supported.
Non DARP Phase | terminals have been shown to
support the concept on link level. System level studies
are still needed to show the gains with non DARP
mobile stations.

C3: Implementation Impacts to
new MS's

1) change MS hardware as little as possible.
2) Additional complexity in terms of processing
power and memory should be kept to a
minimum.

1) Minimum requirement is to support new training
sequences. Impact of new training sequences on
complexity and memory requirements is minimal.

2) More advanced receiver implementations, such as
joint detection, can improve performance and this will
have impact on complexity and memory.

C4: Implementation Impacts to
BSS

1) Change BSS hardware as little as possible
and HW upgrades to the BSS should be
avoided.

2) Any TRX hardware capable for MUROS
shall support legacy non-SAIC mobiles and
SAIC mobiles.

3) Impacts to dimensioning of resources on
Abis interface shall be minimised.

1) Demodulation of two simultaneous signals, support
of new training sequences and linear modulator.

2) The concept has no impact on TRX to support
different type of mobiles.

3) The Abis interface capacity needs to be increased in
accordance with the increased number of channels
supported by MUROS.

C5: Impacts to Network Planning

1) Impacts to network planning and frequency
reuse shall be minimised.

2) Impacts to legacy MS interfered on downlink
by the MUROS candidate technique should be
avoided in case of usage of a wider transmit
pulse shape on downlink.

3) Furthermore investigations shall be
dedicated into the usage at the band edge, at
the edge of an operator's band allocation and
in country border regions where no frequency
coordination are in place.

1) No impact on frequency planning or frequency re-
use is foreseen.

2) A wide pulse shape has only been investigated on
link level. System level simulations are needed to
investigate the impact of a wider pulse. This proposal
does not prevent use of wide pulse.

3) If a wide pulse shape is to be deployed it is not
expected to be used at the edge of an operator's
frequency band.
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7 Orthogonal Sub Channels for Circuit Switched Voice
Capacity Evolution

7.1 Concept description

7.1.1 Overview

A new study item MUROS [7-1] was agreed at GERAN#36 aiming to improve voice efficiency. In this section the
orthogonal sub channel (OSC) [7-2] concept is presented. It multiplexes two M Ss simultaneously allocated on the same
radio resource. OSC is applicable for low end handsets, since the concept is relying on GMSK capability of handsets.
Sub channels are separated by using non-correlated training sequences. OSC can considerably increase voice capacity
with low impact to handsets as well as to networks. The concept may provide e.g. adouble half rate channel providing
that 4 users can be all ocated to the same radio slot.

The orthogonal sub channel concept in downlink is based on QPSK like modulation, where each of the sub channelsis
mapped so that it can be received as GMSK signal.

In uplink direction, mobiles allocated to the orthogonal sub channels may use the genuine GM SK modulation with
different training sequences. Both orthogonal sub channels are simultaneously received by the BTS that needsto
employ e.g. diversity and interference cancellation means to separate the orthogonal sub channels.

In general, the OSC concept relying on GMSK only handsets can offer up to double voice capacity.

The orthogonal sub channel concept by nature doubles the number of channels. One of the key changesisthe
introduction of new training sequences paired with existing training sequences for lowest cross-correlation to enable
separation of sub channels. The first sub channel can use an existing training sequence serving alegacy M S, whilst the
second sub channel should preferably use a new training sequence for both downlink and uplink.

OSC can be applied e.g. for TCH/F, TCH/H and related associated control channels (FACCH and SACCH) making it as
transparent as possible to deploy it for all GMSK modulated traffic channels.

7.1.2 Downlink concept

The downlink concept is depicted in this section. It is splitted into abasic concept and into an enhanced concept.

7121 Basic OSC concept
71211 Mapping of user bits using QPSK modulation

The Basic OSC concept is characterized in downlink in that BTS transmitter uses QPSK type of constellation that may
be e.g. a subset of 8PSK constellation used for EGPRS. Modulating bits are mapped to QPSK symbolsi.e. "dibits" e.g.
so that the first sub channel (OSC-0) is mapped to MSB and the second sub channel (OSC-1) is mapped to LSB as
illustrated below.

An example of mapping bits to QPSK like constellation based on 8PSK modulator is shown in Table 7-1 and Figure 7-
1. Both sub channels are mapped to QPSK symbol orthogonally.
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Table 7-1: Mapping between OSC modulating bits and the 8PSK symbol parameter |

Original Gray Mapping of bits for orthogonal sub channels to 8PSK Symbol parameter | for
mapped 8PSK symbols rule
Modulating bits s —el2d/8
dsi, dsisa, dsis2 0OSCy, OSC, !
(1,1,1) - 0
(0,1,1) (1,1) 1
0,1,0 - 2
(0,0,0) (0,1) 3
(0,0,1) - 4
(1,0,1) (0,0) 5
(1,00 - 6
(1,1,0) (1,0) 7

Thisisillustrated in Figure 7-1.

Q
(OSC,, OC, T
(e 1)
(1.1)
‘ _(na),
©0) \’\ ‘ //(1 0)
| (na)

Figure 7-1: Mapping of OSC modulating bits into 8PSK symbols.

Both sub channels may use individual ciphering e.g. A5/1 or A5/3. The symbol rotation of 1/2 used in downlink allows
multiplexing with legacy handsets and enables also to use GMSK in case of DTX and FACCH / SACCH signalling, see
sections 7.1.2.1.5,7.1.2.1.6 and 7.1.2.1.7.

7.1.2.1.2 Burst structure, training sequence, tail and guard bits

The burst structure should be compatible with the existing bursts. Existing GM SK tail bits and guard bits could be applied
for both sub channels separately. The set of new training sequences dedicated to the second sub channel are paired with
current training sequences for the lowest cross-correlation with optimal autocorrelation and are listed in Table 7-2. The
training sequences have been obtained by performing afull LS channel estimation based cumputational search [7-2].

Table 7-2: Set of new training sequences (TSCs) paired with current one

Training Training sequence bits
sequence
code
0 001011011101110100011110112
1 00010001111010010010001000
2 01110100100001000100011110
3 01000100011100001011011101
4 01000101100001011000100000
5 01011111001001110010100000
6 011101111001011110010001012
7 0010101100111211110011110101

Figure 7-2 below illustrates cross correlation properties between existing and new training sequences. It can be seen that
new training sequences have better cross correlation property in general with all existing training sequences, not only
with its pair.
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Figure 7-2 lllustration of Cross correlation properties between existing training sequences (solid line)
and between new and existing training sequences (dotted line).

7.1.2.1.3 Tx pulse shaping filter

Different Tx pulse shaping filters were used in DL simulations such as Hanning windowed Root Raised Cosine with roll-
off 0.3 and bandwidth equivalent to symbol rate (270 kHz) and the legacy linearized GMSK pulse. Link performance
characterization for above Tx pulse shapes can be found in section 7.2.1.1.1.1.

Inadditionitisworth to consider further optimisation of the Tx pulse shape with different criteriae.g. system performance
and MS receiver performance by defining candidate pulse shapes as depicted below. Performance characterization for
these candidates for the optimized Tx pulse shape can be found related to link performance in section 7.2.1.2.1.1.3 and
related to system performance in section 7.2.2.2.7 .

7.1.2.131 Investigated Candidate TX Pulse Shapes
7121311 Candidate Pulse Shape 1

First investigated pulse shape called here "OPT 1" was a RRC pul se shape with 240 kHz 3 dB bandwidth, rolloff 0.3 and
Hanning windowed. Filter length was equivalent to 5 symbols. The pulse shape is depicted in the frequency domain in
Figure 7-2a.
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Figure 7-2a - Spectral power density of candidate pulse shape OPT 1.

The filter coefficients of the candidate pulse shape OPT 1 arelisted below in Table 7-2a. The output signal is

Frequency [Hz]

normalized to ensure the same energy of the pulse shape as for the reference (LGM SK).

Table 7-2a - Coefficients of candidate pulse shape OPT 1 using oversampling rate 12.

Coefficient Value
0 1.0248550e-005
1 9.8761920e-005
2 4.6907047e-004
3 1.1165667e-003
4 1.8783983e-003
5 2.3321156e-003
6 1.7820497e-003
7 -5.2511264e-004
8 -5.3941600e-003
9 -1.3344621e-002
10 -2.4480981e-002
11 -3.8066912e-002
12 -5.2626525e-002
13 -6.5791939e-002
14 -7.3959972e-002
15 -7.3653112e-002
16 -6.0426548e-002
17 -3.0140358e-002
18 1.9619563e-002
19 9.1343069e-002
20 1.8477091e-001
21 2.9753002e-001
22 4.2599307e-001
23 5.6327282e-001
24 7.0191338e-001
25 8.3333897e-001
26 9.4818832e-001
27 1.0387134e+000
28 1.0981064e+000
29 1.1218391e+000
30 1.1081732e+000
31 1.0581845e+000
32 9.7552623e-001
33 8.6640712e-001
34 7.3884496e-001
35 6.0110815e-001
36 4.6260727e-001
37 3.3127746e-001
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7.1.21.3.1.2 Candidate Pulse Shape 2
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2.1347172e-001
1.1468629e-001
3.6963467e-002
-1.8853863e-002
-5.3863921e-002
-7.1541080e-002
-7.4983692e-002
-6.8551688e-002
-5.6516983e-002
-4.2004445e-002
-2.7957788e-002
-1.6084985e-002
-7.2331828e-003
-1.5633146e-003
1.3721554e-003
2.2992144e-003
2.0647650e-003
1.3247141e-003
6.1578530e-004
1.7365627e-004
1.4182217e-005

ETSI TR 145 914 V15.0.0 (2018-07)

The investigated candidate pulse shape 2 is a synthetic pulse shape called here "OPT 2" that has a narrower shape than
candidate pulse shape 1. The pulse shape is depicted in the frequency domain in Figure 7-2b.
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Figure 7-2b - Spectral power density of candidate pulse shape OPT 2.

The filter coefficients of candidate pulse OPT 2 are listed below in Table 7-2b. The output signal is normalized to
ensure the same energy of the pulse shape as for the reference (LGM SK).

Table 7-2b Coefficients of candidate pulse shape OPT 2 using oversampling rate 12.

Coefficient

HOoONOUAWNHEO

Value
9.8323558e-004
1.6586564e-003
2.4785228e-003
3.3787998e-003
4.2162118e-003
4.8114538e-003
5.0146833e-003
4.7601965e-003
4.1018421e-003
3.2356427e-003
2.5091905e-003
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11 2.4085036e-003
12 3.5191396e-003
13 6.4732195e-003
14 1.1891790e-002
15 2.0325985e-002
16 3.2191485e-002
17 4.7701042e-002
18 6.6811299e-002
19 8.9199464e-002
20 1.1427256e-001
21 1.4120041e-001
22 1.6896279e-001
23 1.9640726e-001
24 2.2231428e-001
25 2.4547834e-001
26 2.6479103e-001
27 2.7931031e-001
28 2.8832023e-001
29 2.9137408e-001
30 2.8832023e-001
31 2.7931031e-001
32 2.6479103e-001
33 2.4547834e-001
34 2.2231428e-001
35 1.9640726e-001
36 1.6896279e-001
37 1.4120041e-001
38 1.1427256e-001
39 8.9199464e-002
40 6.6811299e-002
41 4.7701042e-002
42 3.2191485e-002
43 2.0325985e-002
44 1.1891790e-002
45 6.4732195e-003
46 3.5191396e-003
47 2.4085036e-003
48 2.5091905e-003
49 3.2356427e-003
50 4.1018421e-003
51 4.7601965e-003
52 5.0146833e-003
53 4.8114538e-003
54 4.2162118e-003
55 3.3787998e-003
56 2.4785228e-003
57 1.6586564e-003
58 9.8323558e-004
7.1.2.132 Comparison of Filter Characteristics

The characteristics of both candidates for the optimized Tx pulse shape and of the reference LGMSK pulse shape are
depicted in Table 7-2c. The ACP when measured spectrally in an Rx filter having a transfer function of the linearised
GMSK pulse truncated to +/- 160 kHz.

Table 7-2c: Filter characteristics for used candidate pulse shapes.

dB ACI CCl
Legacy GMSK 18.4dB 0.0dB
Candidate OPT 1 11.6dB 1.4dB
Candidate OPT 2 15.7dB 0.3dB

Note. The second adjacent channel protection for both candidate pulse shapesis below 50 dB, hence fulfilling the
requirement of 50 dB in 45.005 (this latter figure was obtained from simulations that used arealistic PA
model).
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7.1.21.4 Symbol rotation

For symbol rotation the compatibility with GM SK makes rotation of 1/2 the best choice. Thus with above specified RRC
filter the peak to average ratio (PAR) isonly 2.2 dB, whilst being 3.4 dB for linearised GMSK pulse.

7.1.2.1.5 DTX handling when one sub channel is inactive

When the paired sub channel isinactive dueto DTX, it is possible to send normal GMSK bursts instead of QPSK for
the active sub channel using the training sequence of the active sub channel. The transmit power can be reduced during
that period of time. The change of modulation applies after sending the last burst of the SID_FIRST message or of the
SID_UPDATE message, respectively, on the paired sub channel. Similarily, the change from GM SK to QPSK applies
when the first burst of the SID_UPDATE or ON_SET message, respectively, needs to be sent on the paired sub
channel. In system point of view this OSC scheme has a different behaviour in DTX mode in downlink. Combined
transmitter activity will be higher than for single user, but on the other hand two users are served simultaneously.

7.1.2.1.6 FACCH signalling
Different options exist for transmission of FACCH for orthogonal sub channelsin downlink:

- First option isto straightforward apply the FACCH signalling as for legacy channels, but mapped to the sub
channels.

- Second option isto steal voice payload bursts from both OSC sub channels to make signalling more robust e.g.
for speeding up intra cell handovers. In this case the training sequence of the sub channel, transporting the
GMSK modulated FACCH, is being used for discrimination.

- Third option isto employ Repeated DL FACCH per sub channel, which has been standardised for full rate and
half rate channelsin GERAN Rel-6.

- Fourth optionisto use Soft Stealing for FACCH employing sub channel specific power control (see section
7.1.2.2.3).

Performance comparision between all three proposalsis FFS.

7.1.2.1.7 SACCH signalling

SACCH performance for OSC full rate traffic channels and OSC half rate channels needs to be designed such that RR
signalling carried on downlink gets sufficiently robust.

In case of OSC full rate channels different options exist in downlink:

- First option isto straightforward apply the SACCH signalling as for legacy channels, but mapped to the
subchannels. Hence the SACCH blocks of both subchannels are simultaneously transmitted.

- Second option is the usage of Repeated SACCH as standardized in GERAN Rel-7 for full rate traffic channels.
This option is suited if legacy mobiles supporting Repeated SACCH are multiplexed on both sub channels, but
also in case new OSC aware mobiles are multiplexed or for a mix of legacy mobiles supporting Repeated
SACCH and OSC aware mobiles.

- Third option isto shift the SACCH transmission for new OSC aware mobiles by 13 TDMA frames to the curent
idle frames. Hence new OSC aware mobiles use the SACCH allocation related to the second channel in ahalf
slot channel configuration. Thisis depicted in section 7.1.2.2.5.3 for the Optimized User Diversity Full Rate
Pattern 1. Hence using GM SK modulated bursts for SACCH/F the same perfomance as for legacy mobilesis
achieved.

In case of OSC half rate channels different options exist for SACCH in downlink:

- First option isto straightforward apply the SACCH signalling as for legacy channels, but mapped to the sub
channels. Hence the SACCH blocks of both sub channels are simultaneously transmitted.

- Second option isthe usage of Repeated SACCH as standardized in GERAN Rel-7 for half rate traffic channels.
This option is suited if legacy mobiles supporting Repeated SACCH are multiplexed on both sub channels, but
also in case new OSC aware mobiles are multiplexed or for a mix of legacy mobiles supporting Repeated
SACCH and OSC aware mobiles.
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- Third option isto use Soft Stealing for SACCH with sub channel specific power control and user diversity (see
section 7.1.2.2.4). This option does only exist if at least one OSC aware mobile is multiplexed.

Performance comparison between all three above proposalsis FFS.

7.1.2.2 Enhanced OSC concept

The Enhanced OSC concept is based on three techniques which complement the Basic OSC concept and thus increase
the performance benefits of OSC in that the interworking to legacy mobilesisimproved and increased network capacity
is achieved.

71221 Sub channel specific power control

As proposed in [7-3] power control in downlink needs to be performed commonly for both sub channelsi.e. based on
the highest power demand of two users. Two individual radio path losses or receiver performances may not always be
balanced, thus sub channel specific power control needs to be addressed. The enhancement is related to a sub channel
specific power control mechanism based on non-square, but rectangular 4QAM constel lation provided by 8PSK
constellation. The sub channel specific power control utilises normal 8PSK constellation with rotation changed to /2.
Power levels can be adjusted by changing the mapping of usersin that different subsets of 4QAM symbols are selected
out of the 8PSK constellation diagram as depicted in Figure 7-3.

Q Q Q

0SC_0 — ©1) 0SC_0

OSC 0
0.1) T T (1.1)
<« (1.1) (1,1 osc_1
0sC_1 é/ -h! - / s | 01 Ajk"g (1:0) l
(O'O)\l\ //<1,0» ©0) !/ 00 ‘/

| (1.0) |
Equa power OSC-0 attenuated OSC-1 attenuated

Figure 7-3: Mapping of OSC sub channels with equal or unequal sub channel powers

The OSC sub channel with higher power may experience about 2.3 dB higher power than with equal power OSC and
the OSC sub channel with lower power about 5.3 dB lower power, compared to the equal power case, whilst the
difference between higher and lower power is 7.7dB. By aternating between 3 different levels from burst to burst it is
possible to achieve effectively several level valuesin within 7.7 dB range. The mapping of encoded bits of both
subchannel onto 8PSK constellation points for subchannel specific power control is specified in Table 7-3.

Table 7-3: M apping between OSC modulating bits and the 8PSK symbol parameter |.

Original Gray [Symbol parameter [ Mapping of bitsfor orthogonal sub channelsto 8PSK symbols OSCo,

mapped 8PSK | for rule 0OSC:1

Modulating bits s —gl2d/8 Signal powers: Signal powers: Signal powers:

dsi, dsi+1, dai+2 ! 0OSCo = OSC1 OSCo> OSC1 0OSCo< OSC1
(1,1,1) 0 - 0,2) -
(0,,1) 1 (1, (1,1 (1,1
(0,1,0) 2 - - 0,1)
(0,0,0) 3 0,2) - -
(0,0,1) 4 - (1,0) -
(1,0,1) 5 (0,0 (0,0) (0,0)
(1,0,0) 6 - - 0,1)
(1,1,0 7 (1,0) - -

The SAIC handset is expected to cancel part of the interference power caused by OSC when applying sub channel specific
power control as depicted in Figure 7-4.
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Figure 7-4: lllustration of OSC signals after SAIC processing by MS in neighbour cell

Thus SAIC gains could be likely obtained with sub channel specific power control. Performance is characterized in
sections 7.2.1.1.1.2 and 7.2.1.2.1.2.

In summary sub channel specific power control is considered beneficial due to several reasons:
- Equal power isnot optimal for both OSC sub channels under all radio conditions

- SAIC may be able to successfully cancel part of such an attenuated interference coming from the subchannel
user

- FACCH and SACCH may be boosted by a couple of dB without muting possible voice on other sub channel (see
section 7.1.2.2.3 and 7.1.2.2.4).

7.1.2.2.2 Power Balancing

Power Balancing is an extension of the sub channel specific power control mechanism, in that the selected constellation
as depicted in Figure 7-3 and Table 7-3 is modified from burst to burst. Hence the sub channel specific power can be
balanced with a higher resolution between both sub channels using different patterns. An examplary pattern is depicted
in Table 7-4. The pattern is selected by the BTS depending on the reported link measurements for both sub channels.

Table 7-4: Usage of different OSC constellations for power balancing (example).

TDMA frame OSC Constélation
mod 8
0 Equal Power
1 OSC-0 attenuated
2 OSC-0 attenuated
3 Equal Power
4 Equal Power
5 Equal Power
6 OSC-0 attenuated
7 OSC-0 attenuated
7.1.2.2.3 Soft Stealing for FACCH with sub channel specific power control

Sub channel specific power control can be applied when an FACCH needsto be sent on downlink. Inthis case the FACCH
block for the sub channel of interest is carried on the stronger channel. This may improve FACCH, compared to the case
of equal power and improves robustness of RR signalling without performing "double stealing" of voice blocksfrom both
sub channels (see section 7.1.2.1.6.).

7.1.2.2.4 Soft Stealing for SACCH with sub channel specific power control
Sub channel specific power control can also be applied for OSC half rate channel when a SACCH needs to be sent on

downlink and a TCH channel is active for the paired user. This is proposed in section 7.1.2.2.5.3 for Optimized User
Diversity Half Rate Pattern 3. Likewise as for FACCH the SACCH block for the sub channel of interest is carried on the
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stronger channel and hence robustness of RR signalling (i.e. SYSTEM INFORMATION and MEASUREMENT
INFORMATION messages as well as UL power control commands) isimproved.

7.1.2.2.5 User Diversity

In order to fully exploit gains of DTX with OSC, this enhancement of the basic OSC concept presented in [7-4] and
refined in [7-5] introduces a multiplexing scheme where either 4 users on two HR channels or 4 users on two FR
channels are mixed together to increase variance on number of simultaneous active users over an interleaving period.
Increased variance is intended to provide better conditions for channel coding to operate. The concept is suited both for
downlink and for uplink.

7.1.2.25.1 Basic User Diversity

With OSC HR or OSC FR, respectively, and with DTX enabled, bursts are carrying either no, one or two users without
any or with low variance on number of simultaneous users over the interleaving period. This can be considered sub-
optimal from channel coding point of view. To improve this variance over the interleaving period, 4 usersin two HR

4
channels on onetimeslot or 4 usersin two FR channels on atimeslot pair can be mixed so that (ZJ =6 possible

pairing combinations are evenly used changing frame by frame. This kind of multiplexing exploiting the diversity
related to the activity status of each of the 4 usersis named Basic User Diversity here and is expected to improve the
radio performance in both downlink and uplink. Note this feature assumes that the channels carry DTX'ed speech. If
DTX isnot activated the feature will not yield performance benefits.

One possible way to define the mixing of OSC HR users with DTX activated is given in Table 7-5 below and is based
on the specification of auser diversity pattern, which is specific for each user and which defines the way how a burst of
each frame is mapped to an OSC sub channel and in case of a half rate channel to the (HR) sub channel of aslot. User
diversity patterns should be defined so that users are evenly multiplexed with each other users. That pattern may be
built with two bits per frame, where the first bit indicates the OSC sub channel and the second bit indicates the used
(HR) sub channel. Table 7-5 illustrates how the user diversity pattern could be applied over 12 TDMA frames. The used
training sequence may be linked with the OSC sub channel, thus 2 training sequences are shared with 4 users changing
according to OSC sub channel.

Table 7-5: Examplary "user diversity pattern" to mix 4 OSC HR users [7-4]

Frame ActiveHR User Diversity Pattern (OSC, SC) User in OSC

SC User 1 User 2 User 3 User 4 OSC-0 OSC-1
0 00 01 11 10 User 1 User 4
1 1 10 11 00 01 User 4 User 2
2 0 01 10 11 00 User 4 User 2
3 1 11 00 01 10 User 3 User 1
4 0 00 11 10 01 User 1 User 3
5 1 10 01 11 00 User 2 User 3
6 0 00 01 11 10 User 1 User 4
7 1 10 11 00 01 User 4 User 2
8 0 01 10 11 00 User 4 User 2
9 1 11 00 01 10 User 3 User 1
10 0 00 11 10 01 User 1 User 3
11 1 10 01 11 00 User 2 User 3

active user transmission in TDMA frame
time instant related to delivery of speech block

The table could a so be extended to differentiate on SACCH and TCH bursts. It might be possible to distribute start of
TCH interleaving periods of each user evenly e.g. with offset of one frame. That might be beneficial by offering even
distribution of processing load e.g. in channel decoder of BTS. Indeed SACCH bursts could be evenly distributed to
provide DTX gains due to mixing also to SACCH performance. If user diversity pattern with length of 12 is repeated
periodically it would allow SACCH bursts located every 120ms for the same user.

However, as shown above, the user diversity pattern leadsto airregular delivery of speech blocks for users 1 to 4 taking
into account the speech block delivery every other burst in case of HR channel. For example, as can be seen in Table 7-
5, for user 1 the speech block is delivered in Frame 3, Frame 6, Frame 10 and Frame 12+3=15, hence the delivery of the
speech block experiences a delay between 3 frames and 5 frames and yields ajitter of about + 5 ms. Thisis undesirable
considering speech latency performance. The same jitter is present for user 2 whilst user 3 to 4 experience an even
higher change of delay between 2 and 5 frames, hence about + 7.5 ms.
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Thus the Basic User Diversity concept as proposed in [7-4] has following drawbacks:

1) Thiskind of statistical multiplexing is based on the assumption that the mobiles know when to transmit and
receive in agiven TDMA frame and which OSC training sequence to use. Consequently one drawback is that the
proposed scheme in [7-4] cannot be applied to legacy mobilesin the field. In other words legacy mobiles
operated in OSC channels cannot benefit in terms of reduced interference.

2) A second drawback is that the scheme introduces a jitter due to the variable block lengths as shown in Table 7-5
and described above. An additional jitter in the order of £ 5 msor even + 7.5 msisintroduced which may need
some adaptation of network interfaces and identifies an add-on to peak delays for speech.

3) Also the concept was merely investigating the OSC half rate case and provided increased interference diversity
in one timeslot, whilst it was not considering the OSC full rate case.

7.1.2.252 Optimized User Diversity

In this section modifications to the Basic User Diversity procedure as decribed in [7-4] are presented in order to
mitigate the above mentioned drawbacks. In particular, the described modifications detailed hereafter allow to multiplex
legacy mobiles with new OSC aware mobilesin order to let all mobiles benefit from interference diversity and hence
mitigates the conceptual drawbacks of the original proposal as sketched in the section above. The Optimized User
Diversity concept also introduces a constant speech delay for each user, avoiding any jitter. Moreover it considers the
issue of increasing interference diversity for afull rate channel configuration and is based on the assumption that DTX
isin use both for DL and UL operation.

Since OSC is not expected to operate in tight reuse scenarios with high level of external interference, the main interferer
in most situations stems from the paired sub channel. Taking into account that DTX is activated, interference diversity
can be improved if different users are multiplexed on the paired sub channel. In case of inactivity of either of both sub
channelsin downlink the BTS can make use of GMSK rather than QPSK and hence transmission can be operated with
lower power backoff. In UL reduction of GMSK modulated interference is beneficia in interference limited scenarios
and thus will reduce transmit power of mobiles and also increase network capacity.

The enhancements described below are related to the definition of a set of optimized user diversity patterns for both
OSC half rate and OSC full rate channel configurations. The patterns are optimised for a given mix of mobiles. In order
to adapt to the actual mix of mobiles, e.g. share of legacy mobiles and share of new OSC aware mobiles, it is proposed
to enable switching between these patterns for OSC half rate channel configuration and for OSC full rate channel
configuration, respectively. It has to be noted that the proposed user diversity patterns for enhanced OSC are fixed
patterns and not changing in time. Hence it is sufficient to signal the pattern at channel assignment or after channel
mode adaptation to the mobile of interest.

For OSC half rate channel configuration legacy mobiles can be included with their legacy transmission behaviour based
on the interleaving depth 4 and time diversity of 35 ms. For new OSC aware mobiles the same interleaving depth 4 is
selected leading to atime diversity of 30 ms (optimized user diversity half rate pattern 2 and 3).

In addition for OSC half rate channel configuration the SACCH of the second sub channel is advanced by 6 TDMA
frames compared to the first sub channel to achieve also interference diversity for this channel (optimized user diversity
half rate pattern 3), assuming that the paired sub channel carries DTX'ed speech. The enhancements include also the
extension of the user diversity algorithm to paired timeslots as depicted in Figure 7-5.
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Frame n n+1 n+2 n+3 n+4 n+5 n+6 n+7
User1 User1 User 1 User 1 User 1 User 1 User 1 User 1 0OSC-1
Timeslot a
User2 User 4 User4 User 2 User 2 User4 User4 User 2 0SC-2
User3 User 3 User 3 User 3 User 3 User3 User 3 User 3 0SC-1
Timeslot b
User4 User 2 User 2 User 4 User 4 User 2 User 2 User 4 0SC-2

Figure 7-5: Optimized User Diversity for OSC full rate channel configuration
for the case of a timeslot pair

Interference diversity is achieved here by multiplexing two full rate OSC aware mobiles (User 2 and User 4) on a paired
timeslot (timeslot b) to the second sub channel (OSC-2) of the first timeslot (timesliot a).

The concept foresees to allocate two legacy full rate mobiles (User 1 and User 3) on the first sub channel (OSC-1) of
the timeslot pair (timeslot a and b), where the time slots need not be adjacent. The remaining OSC aware MS's (User 2
and User 4) are then mandated to hop between the second sub channels (OSC-2) of both timeslots. In case of OSC full
rate channel configuration the interleaving depth of 8 is kept for al mobiles, also time diversity of ~40 msis
maintained for all mobiles without jitter. As well speech block delivery every 4™ burst is untouched.

Hencein all caseslegacy MS's and new OSC aware mobiles will benefit from the increased interference diversity
through the usage of legacy compatible user diversity patterns. The patterns are described in section 7.1.2.25.3 . Itis
intended that the specified optimized user diversity patterns are subject to be standardized. intra cell or channel modify
HO command, etc.

Signalling support for OSC aware mobiles will then include:

- the specified user diversity pattern (2 bitsin case of OSC FR channel configuration and 2 bitsin case of OSC
HR channel configuration).

- theindex for the mobile (2 bits for multiplexing 4 users).
- signaling will be needed if user patterns are switched.

- different signalling methods exist: usage of FACCH to command an intracell HO, usage of inband signalling to
transport compressed

7.1.2.25.3 Support of Optimized User Diversity for scenarios with mixed MS types

For OSC half rate channel configuration and OSC full rate channel configuration three user diversity patterns for each
are defined for each to support inclusion of legacy M Ss. Half rate configuration is always related to one time sot, whilst
full rate configuration is based on two timeslots in two of three configurations in order to obtain a higher interference
diversity.

Optimized User Diversity Half Rate Pattern 1

The channel configuration depicted in Table 7-6 is related to one timeslot. The configuration supports of up to four users
for the following two scenarios:

a) 4legacy MSs.
b) 3legacy MS's+ 1 OSC aware MS.
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Table 7-6: Optimized User Diversity Half Rate Pattern 1 per 26 multiframe

Active
HR SC

Frame

O©CoOoO~NOOOTMWNELO

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PRPOFRPRORPROFRPROFRPOFRPROOFRPRORPRORPOFRPORLORFRO

User Diversity Pattern (OSC, SC

User 1 User 2
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10

0 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10
00 10

User 3
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

User in OSC

OSC-0
User 1, Bx+B0
User 3, Bx+BO0
User 1, Bx+BO0
User 3, Bx+BO0
User 1, BO+B1
User 3, BO+B1
User 1,B0+B1
User 3, BO+B1
User 1, B1+B2
User 3, B1+B2
User 1, B1+B2
User 3, B1+B2

User 1, SACCH
User 1, B2+B3
User 3, B2+B3
User 1, B2+B3
User 3, B2+B3
User 1, B3+B4
User 3, B3+B4
User 1,B3+B4
User 3, B3+B4
User 1, B4+B5
User 3, B4+B5
User 1, B4+B5
User 3, B4+B5

01 11
[0 User 3, SACCH
¢) User 1to User 4: legacy MSor legacy SAIC MS.

OSC-1
User 2, Bx+B0

User 2, Bx+BO

User 2, BO+B1

User 2, BO+B1

User 2, B1+B2

User 2, B1+B2

User 2, SACCH
User 2, B2+B3

User 2, B2+B3

User 2, B3+B4

User 2,B3+B4

User 2, B4+B5

User 2, B4+B5

d) User 1 to User 3; legacy M S or legacy SAIC MS; User 4: OSC aware MS (one example).

Optimized User Diversity Half

The channel configuration depicted in Table 7-7 isrelated to one timedot. The configuration supports up to four users

for the following three scenarios:

Rate Pattern 2

a) 2 legacy MS's + 2 OSC aware MSs.

b) 1 legacy MSs+ 3 OSC aware MSs.

¢) 4 OSC aware MS's.
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Table 7-7: Optimized User Diversity Half Rate Pattern 2 per 26 multiframe

Frame Active User Diversity Pattern (OSC, SC User in OSC
HRSC Userl | User2 User3 0SC-0 0sc-1

0 0 00 10 01 11 User 1, Bx+B0 User 2, Bx+B0

1 1 00 11 01 10 User 3, Bx+B0 User 2, Bx+B0

2 0 00 11 01 10 User 1, Bx+B0

3 1 00 10 01 11 User 3, Bx+B0

4 0 00 10 01 11 User 1, BO+B1 User 2, BO+B1

5 1 00 11 01 10 User 3, BO+B1 User 2, BO+B1

6 0 00 11 01 10 User 1, BO+B1

7 1 00 10 01 11 User 3, BO+B1

8 0 00 10 01 1 User 1, B1+B2 User 2, B1+B2

9 1 00 11 01 10 User 3, B1+B2 User 2, B1+B2

10 0 00 11 01 10 User 1, B1+B2 _
11 1 00 10 01 11 User 3, B1+B2

12 0 [oommmioem User 1, SACCH User 2, SACCH
13 0 00 10 01 11 User 1, B2+B3 User 2, B2+B3

14 1 00 11 01 10 User 3, B2+B3 User 2, B2+B3

15 0 00 11 01 10 User 1, B2+B3 _
16 1 00 10 01 11 User 3, B2+B3

17 0 00 10 01 1 User 1, B3+B4 User 2, B3+B4

18 1 00 11 01 10 User 3, B3+B4 User 4, B3+B4

19 0 00 11 01 10 User 1, B3+B4 _
20 1 00 10 01 11 User 3, B3+B4

21 0 00 10 01 11 User 1, B4+B5 User 2, B4+B5

22 1 00 11 01 10 User 3, B4+B5 User 4, B4+B5

23 0 00 11 01 10 User 1, B4+B5

24 1 00 10 01 11 User 3, B4+B5

25 1 00 10 [0 User 3, SACCH

a) User 1 and User 3: legacy MS or legacy SAIC MS; User 2 and User 4: OSC aware MSs.
b) User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS’s.
¢) User 1to User 4. OSC aware MS's.

Optimized User Diversity Half Rate Pattern 3

The channel configuration depicted in Table 7-8 isrelated to one timeslot. The configuration supports the same
scenarios as Pattern 2 and up to four users for the following three scenarios:

a) 2legacy MSs+ 2 OSC aware MSs.
b) 1legacy MS's+ 3 OSC aware MSs.
c) 4 0SC aware MSs.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 80 ETSI TR 145 914 V15.0.0 (2018-07)

Table 7-8: Optimized User Diversity Half Rate Pattern 3 with shift of SACCH per 26 multiframe

Frame Active User Diversity Pattern (OSC, SC User in OSC
HRSC  User1l User2 User3 0SC-0 0Sc-1

0 0 00 10 o1 10 User 1, Bx+B0 User 2, Bx+B0
1 1 00 11 o1 01 User 3, Bx+B0 User 2, Bx+B0
2 0 00 1 01 10 User 1, Bx+B0

3 1 00 10 o1 11 User 3, Bx+B0

4 0 00 10 01 11 User 1, BO+B1 User 2, BO+B1
5 1 00 11 01 10 User 3, BO+B1 User 2, BO+B1
6 0 00 [ o0 11 User 1,B0+B1 User 2, SACCH
7 1 00 10 o1 11 User 3, BO+B1

8 0 00 1 01 10 User 1,B1+B2

9 1 00 11 o1 10 User 3, B1+B2 User 2, B1+B2
10 0 00 10 01 11 User 1, B1+B2 User 2, B1+B2
11 1 00 10 o1 11 User 3, B1+B2

12 0o [Peomwm 11 01 10 User 1, SACCH

13 0 00 10 01 10 User 1, B2+B3 User 2, B2+B3
14 1 00 11 01 01 User 3, B2+B3 User 2, B2+B3
15 0 00 11 01 10 User 1, B2+B3

16 1 00 10 o1 11 User 3, B2+B3

17 0 00 10 01 11 User 1, B3+B4 User 2, B3+B4
18 1 00 11 01 10 User 3, B3+B4 User 2, B3+B4
19 0 00 10 01 O  uUser 1,B3+B4

20 1 00 10 01 11 User 3, B3+B4

21 0 00 11 01 10 User 1,B4+B5

22 1 00 11 01 10 User 3, B4+B5 User 2, B4+B5
23 0 00 10 01 11 User 1, B4+B5 User 2, B4+B5
24 1 00 10 01 1 User 3, B4+B5 _
25 1 00 10 Pelm 11 User 3, SACCH

a) User 1 and User 3: legacy MS or legacy SAIC MS; User 2 and User 4: OSC aware MSs.

b) User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS’s.

¢) User 1to User 4. OSC aware MS's.
Note the difference to Pattern 2 is the shift of the SACCH for User 2 and User 4 , i.e. the advance of 6 TDMA frames.
Optimized User Diversity Full Rate Pattern 1

The channel configuration depicted in Table 7-9 isrelated to one timeslot. The configuration supports up to two users
for the following three scenarios:

a) 2legacy MS's.
b) 1legacy MS's+ 1 OSC aware MS.
c) 20OSC aware MS.
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Table 7-9:Optimized User Diversity Full Rate Pattern 1 per 26 multiframe

Frame User Diversity Pattern (OSC) User in OSC
User 1 User 2 OSC-0 OSC-1

0 1 1 User 1, Bx+B0 User 2, Bx+B0

1 1 1 User 1, Bx+B0 User 2, Bx+B0

2 1 1 User 1, Bx+B0 User 2, Bx+B0

3 1 1 User 1, Bx+B0 User 2, Bx+B0

4 1 1 User 1, BO+B1 User 2, BO+B1

5 1 1 User 1, BO+B1 User 2, BO+B1

6 1 1 User 1, BO+B1 User 2, BO+B1

7 1 1 User 1, BO+B1 User 2, BO+B1

8 1 1 User 1, B1+B2 User 2, B1+B2

9 1 1 User 1, B1+B2 User 2, B1+B2

10 1 1 User 1, B1+B2 User 2, B1+B2

11 1 1 User 1, B1+B2 User 2, B1+B2

12 1 0 User 1, SACCH Legacy User 2, SACCH
13 1 1 User 1, B2+B3 User 2, B2+B3

14 1 1 User 1, B2+B3 User 2, B2+B3

25 0 1 - OSC User 2, SACCH

a) User 1to User 2: legacy MS or legacy SAIC MS with SACCH in Frame 12.
b) User 1: legacy MS or legacy SAIC MS; User 2: OSC aware MS with SACCH in Frame 25 for User 2.
c) User 1to User 2: OSC aware MS with SACCH in Frame 25 for User 2.

Optimized User Diversity Full Rate Pattern 2

The channel configuration depicted in Table 7-10 isrelated to atimeslot pair. The configuration supports up to four
users for the following two scenarios:

a) 4legacy MSs.
b) 3legacy MSs+ 1 OSC aware MS.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15

82

ETSI TR 145 914 V15.0.0 (2018-07)

Table 7-10: Optimized User Diversity Full Rate Pattern 2 per 26 multiframe.

Frame TS
SFS

QOO NNOOODUTURADMWWNNREREPLPOO

POFRPOFRPROFRPROFROFRPROFRPROFRPROFRPROFRPROFRPOFRPROFRPRORPORO
PORPOFRPOFrRPROFrRPROFRPROFRPROFrRPOFRPRORrRPROFRPROPRPOPRPRORPLORO

25
25

= O
= O

a) User 1to User 4: legacy MS or legacy SAIC MS; all users use Frame 12 for SACCH.

Active

User Diversity Pattern (OSC, SFS

User 1
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00

User 2
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10

User 3
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

01
01

0OSC-0
11 User 1, Bx+BO
11 User 3, Bx+B0O
11 User 1, Bx+BO
11 User 3, Bx+B0O
11 User 1, Bx+BO
11 User 3, Bx+B0O
11 User 1,Bx+B0
11 User 3, Bx+B0O
11 User 1, BO+B1
11 User 3, BO+B1
11 User 1, BO+B1
11 User 3, BO+B1
11 User 1, BO+B1
11 User 3, BO+B1
11 User 1, BO+B1
11 User 3, BO+B1
11 User 1, B1+B2
11 User 3, B1+B2
11 User 1, B1+B2
11 User 3, B1+B2
11 User 1, B1+B2
11 User 3, B1+B2
11 User 1, B1+B2
11 User 3, B1+B2

11 User 1, SACCH
11 User 3, SACCH

11 User 1, B2+B3
11 User 3, B2+B3
11 User 1, B2+B3
11 User 3, B2+B3
11 -

User in OSC
OSC-1
User 2, Bx+BO

User 2, Bx+B0O

User 2, Bx+BO

User 2, Bx+BO

User 2, BO+B1

User 2, BO+B1

User 2, BO+B1

User 2, BO+B1

User 2, B1+B2

User 2, B1+B2

User 2, B1+B2

User 2, B1+B2

L User 2, SACCH

f

User 2, B2+B3

User 2, B2+B3

b) User 1to User 3: legacy MSor legacy SAIC MS; User 4: OSC aware MS (one example); User 4 uses SACCH
in Frame 25. Hence the OSC aware user uses Frame 25 for SACCH in this configuration. Instead of User 4, User
2 could identify an OSC aware MS. In this case the SACCH for OSC User 2 isallocated in Frame 25 TS 0.

Optimized User Diversity Full Rate Pattern 3

The channel configuration depicted in Table 7-11 isrelated to atimedot pair. The configuration supports up to four
users for the following three scenarios.

a) 2legacy MSs+ 2 OSC aware MSs.
b) 1legacy MS's+ 3 OSC aware MSs.

c) 4 OSC aware MSs.
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Table 7-11: Optimized User Diversity Full Rate Pattern 3 per 26 multiframe

Frame TS Active User Diversity Pattern (OSC, SFS User in OSC
SFS User 1  User2 User3 0SC-0 0SC-1

0 0 0 00 10 01 11 User 1, Bx+B0 User 2, Bx+B0
0 1 1 00 10 01 1 User 3, Bx+B0 _
1 0 0 00 11 01 10 User 1, Bx+B0
1 1 1 00 11 o1 10 User 3, Bx+B0 User 2, Bx+B0
2 0 0 00 11 01 10 User 1, Bx+BO [USE4, BX+BO
2 1 1 00 11 01 10 User 3, Bx+B0 User 2, Bx+B0
3 0 0 00 10 01 11 User 1,Bx+B0 User 2, Bx+B0
3 1 1 00 10 01 11 User 3, Bx+B0  [1User4, BX+B0
4 0 0 00 10 01 11 User 1, BO+B1 User 2, BO+B1
4 1 1 00 10 01 11 User 3, BO+B1 _
5 0 0 00 1 01 10 User 1, BO+B1
5 1 1 00 11 o1 10 User 3, BO+B1 User 2, BO+B1
6 0 0 00 11 01 10 User 1, BO+B1 [US&4, BO+BL
6 1 1 00 11 01 10 User 3, BO+B1 User 2, BO+B1
7 0 0 00 10 01 11 User 1, BO+B1 User 2, BO+B1
7 1 1 00 10 01 11 User 3,B0+B1 [User4, BO+B1
8 0 0 00 10 01 11 User 1, B1+B2 User 2, B1+B2
8 1 1 00 10 01 11 User 3, B1+B2 _
9 0 0 00 1 01 10 User 1, B1+B2
9 1 1 00 11 o1 10 User 3, B1+B2 User 2, B1+B2
10 0 0 00 11 01 10 User 1, B1+B2 US4, Bi+B2
10 1 1 00 11 01 10 User 3, B1+B2 User 2, B1+B2
11 0 0 00 10 01 11 User 1, B1+B2 User 2, B1+B2
11 1 1 00 10 01 11 User 3,B1+B2 [IUser4,Bi+B2
12 0 o oo 10 01 11 User 1, SACCH -
12 1 1 00 10 P 1 User 3, SACCH -
13 0 0 00 10 01 11 User 1, B2+B3 User 2, B2+B3
13 1 1 00 10 o1 11 User 3, B2+B3
14 0 0 00 11 01 10 User 1, B2+B3
14 1 1 00 11 01 10 User 3, B2+B3 User 2, B2+B3
25 0 0 00 Pmomwm o1 11 - User 2, SACCH
25 1 1 00 10 o1 [NEEE - ~ User 4,SACCH

a) User 1 and User 3: legacy MSor legacy SAIC MS; User 2 and User 4: OSC aware MS's.

b) User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS's.

¢) User 1to User 4: OSC aware MS's.

7.1.2.254 Benefits of Optimized User Diversity

Optimized User Diversity will mitigate the drawbacks of the Basic User Diversity proposal in the context of impact of
variable speech block delivery and of coexistence scenarios with legacy mobiles. Different patterns for full rate and half
rate channells have been designed in such way

- that they allow to apply the same constant interleaving depth for full rate channels (8 bursts) as for legacy
channels,

- that they alow to apply the same constant interleaving depth for half rate channels (4 bursts) as for legacy
channels and an reduced transfer delay by 5ms (30 msinstead of 35 ms) and

- that they can serve a variable mix of legacy and new OSC aware mobiles with least signalling. In particular
signalling support for new OSC aware mobiles will be needed to index the user diversity pattern and the position
of the user, hence atotal of 4 bits per user. The method for this signalling support is FFS.

Asoutlined in [7-4] the proposed method will yield increased interference diversity both for TCH and SACCH channels
in OSC configurations and is independent of employed frequency hopping type. Hence no frequency planning aspects are
imposed by the introduction of the user diversity concept. Performance characterization is given in section 7.2.2.2.5. The
described enhancement above is foreseen to be used together with the basic OSC candidate technique. Furthermore it is
to be noted, that the concept is equally applicable to other candidates like co-TCH and a pha-QPSK.
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7.1.3 Uplink concept

The uplink concept for OSC includes a subset of changes for the downlink. In particular two independent uplink
transmissions are simultaneously received at the BTS. In the following the aspects of modulation and burst structure,
usage of new training sequences and Tx pulse shapes, definition of associated control channel structure and application
of the user diversity scheme are considered.

7131 Modulation and burst structure

Modulation (i.e. GM SK) and burst structure (normal burst) are the same as for legacy traffic channels.

7.1.3.2 Usage of new training sequences

The mobiles use normal GMSK transmitter with OSC sub channel specific training sequence. Hence both sub channels
can be distinguished by their training sequence, similarily as for downlink. A pair of legacy TSCs is used for legacy
mobiles, whilst new OSC aware mobiles use new training sequences as depicted in section 7.1.2.1.2 . Training sequence
on uplink is always identical to that employed for downlink.

7.1.3.3 Tx pulse shape

Different Tx pul se shapes may be used in uplink as proposed for downlink. Whilst the reuse of the GM SK pulse shapeis
proposed for the initial OSC concept, investigations on an optimized Tx pulse in uplink are FFS.

7.1.3.4 Associated control channels
FACCH transmission for full rate and halfrate OSC channel isidentical to the legacy channel case.
SACCH transmission for full rate OSC channel may use option 1, 2 or 3 asdepicted in section 7.1.2.1.7 for downlink.

SACCH transmission for half rate OSC channel may use option 1 or 2 as depicted in section 7.1.2.1.7 for downlink. In
addition athird option is to use time shift of the SACCH channel as proposed for user diversity (see section 7.1.2.2.5.3,
optimized user diversity half rate pattern 3).

7.1.35 User diversity

The user diversity scheme applied for downlink should also be used in uplink, i.e. the optimized user diversity pattern
should be identical. Hence a signalling command refering to the user diversity pattern to be used on DL is also related to
UL.

7.1.3.6 BTS receiver

BTS receiver may use e.g. Successive Interference Cancellation (SIC) or Joint Detection (JD) to receive signals from two
mobiles on simultaneous sub channels with individual propagation paths. Thus, the uplink scheme can be seen as a 2x2
Multi User MIMO, where different propagation paths from two users provide the basis to fully utilize the degree of
freedom of two receive antennasin typical BTS.

7.1.4 RR signalling

The following changesto RR signalling are needed:
- MSshould provide OSC radio access capability indication.

- Channel assignment should include OSC sub channel information, e.g. in form of the new or the existing training
sequence code number (4 bits).

- Channel assignment should include the specified user diversity pattern (2 bits for OSC FR channel and 2 bits for
OSC HR channel) and the index for the mobile (2 bits) in case of user diversity support.
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7.2 Performance Characterization

7.2.1 Link Level Performance

Link performance is characterized for sensitivity and for interference limited scenarios [7-2],[ 7-6],[7-7]. Simulations are
performed for full rate and half rate AMR channels using some selected codec rates. Following fading radio channel
profiles at GSM900 band are used:

 Typica urban, terminal speed 3 km/h, ideal frequency hopping (TU3iFH),
« Hilly terrain, terminal speed 100 km/h, ideal frequency hopping (HT100iFH).

Sensitivity and DARP test scenario-2 (DTS-2) are considered as noise and interference distortions, respectively. The
baseline downlink receiver model is according to a generic DARP Phase 1 mobile station. OSC service is simulated with
the same unmodified receiver. OSC signals are generated by mapping the users on QPSK constellation with equal
transmission power between the sub channels. Signal rotation of n/2 is used. Tx pulse shaping is done according to
Linearized GMSK pul se shaping filter, also the performance of aternative pulse shapesis eval uated.

7.2.1.1 Sensitivity Performance
For performance measurement the frame erasure rate (FER) is displayed over the signal to noiseratio (SNR).
7.21.1.1 Sensitivity in downlink

Results are presented for the case of equal power on the subchannels (SCPIR = 0 dB) in subsection 7.2.1.1.1.1 and for
the case of unequal power on the subchannelsin subsection 7.2.1.1.1.2 .

721111 Sensitivity in downlink without sub channel specific power control

Different receiver types have been assumed such as DARP phase 1 with usage of legacy TSC's on both subchannels,
with usage of new TSC on paired subchannel and OSC aware receiver benefitting from the knowledge of the training
sequences employed on both subchannels.

Performance for DARP Phase 1 receiver and legacy training sequences

Legacy training sequence codes are applied to the sub channels, in that legacy training sequence pair TSCO and TSC2
has been used. In Figure 7-6 and Figure 7-7 the downlink sensitivity performance of OSC is evaluated for some codecs
of AMR Full Rate (AFS) and AMR Half Rate (AHS) without and with ideal frequency hopping respectively.
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Figure 7-6: DL sensitivity FER performance in TU3nFH of generic DARP phase 1 MS receiving an
OSC sub channel with AMR FR 5.9, 12.2 and AMR HR 5.9

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 86 ETSI TR 145 914 V15.0.0 (2018-07)

FER

- ©--AFS12.2
2| |~ ~AFS5.9
- - -AHS5.9
—©—OSC AFS12.2 |-
—<—OSC AFS5.9 |
—H5— 0OSC AHS5.9

10

10

Eb/No(dB)

Figure 7-7: DL sensitivity FER performance in TU3iFH of generic DARP phase 1 MS
receiving an OSC sub channel with AMR FR 5.9, 12.2 and AMR HR 5.9

In Figure 7-8 the downlink sensitivity performance of OSC is evaluated for different transmit pul se shaping filters.
Simulated pulse shaping filters are Linearized GMSK filter and Root Raised Cosine filters with normalized bandwidths
of 180, 240 and 270 kHz. Sensitivity performance is clearly improved with RRC filters.

0

10 a
1 —+— AFS5.9:Reference

1 —=— AFS5.9:RRC 270
{ —— AHS5.9:RRC 270
1 —©— AFS5.9:RRC 240
1 —©— AHS5.9:RRC 240
.| —5— AFS5.9:RRC 180
\| —=— AHS5.9:RRC 180
| - - AFS5.9:.LGMSK

10

SNR(dB)

Figure 7-8: DL sensitivity FER performance in TU3iFH of generic DARP phase 1 MS receiving an OSC
sub channel with AMR FR 5.9 and HR 5.9 with different transmit pulse shaping filters

In Figure 7-9 the downlink sensitivity performance of OSC in Hilly Terrain 100 km/h radio propagation channel is
evaluated against reference.
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Figure 7-9: DL sensitivity FER performance in HT100iFH of generic DARP phase 1 MS
receiving an OSC sub channel with AMR FR 5.9 and 12.2

It is shown that the performance of alegacy DARP 1 M Sreceiving an OSC sub channel is adequate in average network
conditions, and more robust AMR channels can also provide sufficient coverage. Sensitivity would be significantly
improved by more optimum transmit filter than Linearized GMSK filter. MUROS downlink concept also worksin
difficult radio propagation conditions, but the usage of high rate AMR codecsis limited to good SNR region.

Performance for a DARP phase 1 receiver in case of a new training sequence onpaired sub channel

Furthermore investigations with a non-OSC aware type of receiver, suchasa  DARP phase 1 receiver have been
carried out using different Tx pulse shapes (linearized GMSK, RRC 270 kHz) for the case of reusing the existing TSCs
and the case using a new set of TSCs as proposed in section 7.1.2.1.2 for the paired sub channel. Results are reported in
Figure 7-10.

Performance of OSC in DL
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Figure 7-10: FER versus SNR for AMR FR 5.9 at TU3 iFH for DARP phase 1 receiver and usage of
legacy TSCs only or mix of legacy and new TSC's
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It can be seen that the performance loss related to legacy full rate both depends on the Tx pul se shape and the used set
of TSCsfor the paired sub channel. The performance lossis depicted in Table 7-12.

Table 7-12 Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%

Configuration SNR for Lossto
FER=1% Reference

GMSK (Reference) 19dB -

RRC 270kHz, new TSC pair 5.1dB 3.2dB

RRC 270 kHz, existing TSC pair with lowest x-correlation 5.4 dB 35dB

Linearised Gaussian, new TSC pair 7.0dB 51dB

Linearised Gaussian, existing TSC pair with highest cross-correlation 7.9dB 6.0dB

Performance for OSC awar ereceiver and usage of new training sequences

The FER versus SNR is shown in Figure 7-11. It can be seen that OSC would need about 2.6 - 3.2 dB higher ES/No for
doubled capacity in sensitivity limited scenarios, i.e. Eb/No is about the same as for related GMSK service, depending on
the receiver type (2.6 dB for OSC aware receiver and 3.2 dB for DARP phase 1 receiver).

Since QPSK in downlink may need to reduce transmitter power compared to GMSK dueto higher PAR by 2.2 dB in
case of RRC pulse shape, further due to the OSC aware receiver, i.e. the receiver which has knowledge about the
training sequences of both sub channels using this information for channel estimation of the paired interfering sub
channel and which needs 2.6 dB higher ES/NO, thisyields a4.8 dB lower link budget for doubled capacity in case of
sengitivity limited scenarios. For comparison AMR HR 5.9 needs about 7dB higher ES/No than AMR FR 5.9, thus
fullrate orthogonal sub channel could improve HR coverage by about 2 dB in TU3 iFH. Whilst for GMSK legacy AMR,
TX pulse shape was assumed to be linearised GM SK, RRC filter with 3 dB double sided bandwidth of 270 kHz was
assumed in use for OSC FR, if not otherwise stated. Both receivers, named 'GMSK' and 'GMSK RX for OSC' in the
figures below, are SAIC type receivers. Performance of non-DARP phase 1 legacy MSesis FFS.
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Figure 7-11: FER versus SNR for AMR FR 5.9 at TU3 iFH for DARP Phase 1 and OSC aware receivers
with RRC270 TX pulse shape in case of OSC

7.2.1.11.2 Sensitivity in downlink with subchannel specific power control

In this section, simulation results are shown to verify how the SAIC (i.e. DARP phase 1) and non-SAIC mobiles behave
in the sensitivity limited cases when receiving signals on downlink with sub-channel power control. TU 3 ideal
frequency hopping channel is simulated under sensitivity limited conditions with AWGN noise interferer. It can be seen
from Figure 7-12 that the performance of SAIC mobile both on strong and weak channels using the rectangular
congtellation points possible with 8-PSK modulator is acceptable. Also from Figure 7-13, it can be seen that legacy non-
SAIC mobiles can a so decode the OSC signal in downlink if they are multiplexed on the stronger channel. It should be
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noted that al the bursts used a rectangular constellation here (i.e the case of maximum power imbal ance between the
subchannels). Further granularity in power control steps could be obtained by varying the constellation diagram as
depicted in section 7.1.2.2.2 but this exercise is not repeated here. Further, it can also be noted that aslong as the
mobiles are multiplexed on the strong channel, the performance of the legacy mobiles with and without SAIC in
sengitivity limited scenarios is quite close as seen from the performance of user 2 —who is the stronger user in Figure 7-
12 and Figure 7-13.

100.0% 100.0%

—— TCHHS User 1 10.0% —=— TCHHS User 1

10.0%

——TCHHS User 2 — TCHHS User 2

TCHAFS 12.2 User 1

FER

TCHAFS 12.2 USER 1

FER

TCHAFS 12.2 USER 2 TCHAFS 12.2 User 2

1.0% —— TCHAFS 5.9 User 1

1.0% —— TCHAFS 5.9 USER 1

—— TCHAFS 5.9 USER 2 —— TCHAFS 5.9 User 2

—— TCHAHS 5.9 USER 1 —— TCHAHS 5.9 User 1

—— TCHAFS 5.9 USER 2 —— TCHAHS 5.9 User 2

. SNR(dB)
SNR(dB) 15 20 2 5 0 5 10 15 20

25

-5 0 5

Figure 7-12: Sensitivity performance — SAIC ON Figure 7-13: Sensitivity performance — SAIC OFF

7.21.1.2 Sensitivity in uplink

For uplink sensitivity simulations a SIC receiver has been used (Successive I nterference Cancellation). Performance for
IRC receiver type (reference) and SIC receiver is shown in Figure 7-14 for different level offsets between coincident
users, i.e. SCPIR = -20dB ... +10dB (related to wanted subchannel). FER values are normalized values so that reference
AMR HR 7.4 exhibits 1% FER at SNR = 0 dB. It seems that about 2.6 dB lossin coverage is experienced when other
orthogonal signal is 10dB higher than wanted signal when SIC receiver is used. At higher SNR levels higher offsets are
tolerated. For SCPIR = - 20 dB, a performance loss of almost 6 dB is observed compared to the reference.
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Figure 7-14: UL sensitivity FER performance of a SIC receiver receiving
an OSC sub channel with AMR HR 7.4 in dependence of SNR

OSC concept evaluation in uplink shows that low complexity SIC equalizer can support two subchannels with 2-3 dB
difference to the single user uplink channel for SCPIR between -10 dB...10 dB, and even somewhat higher ratios can be
tolerated with moderate SNR performance loss.

7.2.1.2 Interference Performance

7.21.2.1 Interference limited performance in downlink

721211 Interference performance in downlink without subchannel specific power control
7.21.211.1 Performance for MUROS Test Scenario 1

See performance evaluation in section 7.2.1.2.1.2 .
7.2.1.2.1.1.2 Performance for MUROS Test Scenario 2

Different receiver types have been assumed such as DARP phase 1 with usage of legacy TSC's on both subchannels, with
usage of new TSC on paired subchannel and OSC aware receiver benefitting from the knowledge of the training
sequences employed on both subchannels.

Performance for DARP Phase 1 receiver with legacy training sequences

For performance measurement the frame erasure rate (FER) is displayed over the the carrier to interferer ratio (CIR).
The CIR for MTS-2 scenario is related to the dominant interferer designated as C/lo. In case of OSC the power of the
wanted sub channel is considered. The other orthogonal sub channel is not taken into account in C/I calculation.
Performance was compared applying linearized GMSK pul se shape filter.

In Figure 7-15 the downlink performance of MTS-2 is evaluated against reference for some codecs of AMR Full Rate
(AFS) and AMR Half Rate (AHS) with ideal frequency hopping.
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Figure 7-15: DL MTS-2 FER performance in TU3iFH of generic DARP phase 1 MS

receiving an OSC sub channel with

AMR FR 5.9, AMR FR 12.2 and AMR HR 5.9

Performance comparison at FER=1% is captured in Table 7-13 for the three invstigated AMR codec types.

Table 7-13: Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%

Configuration Cllo  for Lossto
FER=1% Reference
OSC AMRFR 12.2 15.0dB 8.6dB
OSC AMRFR5.9 8.9dB 7.3dB
OSC AMRHR5.9 17.0dB 8.7dB

Performance for OSC awarereceiver and usage of new training sequences

Interference performance shown in Figure 7-16 seems to have about similar 2.6-3.4dB difference asin sensitivity
limited case. Again RRC 270 Tx pulse shape was used in this evaluation as well as new TSC for the paired subchannel.
Performance is depicted for both a DARP phase 1 (GMSK RX for OSC) and an OSC aware M S. For comparison AMR
HR 5.9 needs about 7dB higher C/I than AMR FR 5.9, thus orthogonal sub channel can improve HR performance by

about 4 dB in TU3iFH.

10”

L1y

L

-k

R N B |

- - - — L — L

— L1

[ad -2
w10 r--—-—-—"-"d———- N - A - -
,,,,,, GTIIIINgCCIICOIIIIIZiIINGS
S Ep— 4------ - - - —===-- +----X-
—————— R Nt RS
777777 T v T
Lo N |
| | |
—————— R i G e S
| | |
777777 .
| | |
1 1 |
H —— GMsk SN -
—6— GMSK RX for OSC | |
—p— OSC aware RX | |
10'3 T T |
C/l [dB] 0 1 2 3 4
SNR [dB]

Figure 7-16: FER for AMR FR 5.9 in TU3 iFH at MTS-2 for DARP phase 1 receiver (GMSK RX for OSC)
and OSC aware receiver.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 92 ETSI TR 145 914 V15.0.0 (2018-07)

7212113 Performance for Using Optimized TX Pulse Shapes

Link Level Perfomance was investigated for both candidate pulse shapes described in Section 7.1.2.1.3. Thisis depicted
in Figure 7-16a below.
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Figure 7-16a: Link Performance for investigated TX pulse shapes for OSC channels,
CCl, DIR=7dB, TU3iFH GSM900.

The figure above needs to be updated depicting performance for the specified MTS channel profiles.

It can be seen that the link performance isimproved by about 2.5 dB for candidate pulse shape OPT 1 and by about 1.5
dB for candidate pulse shape OPT 2 at 1% FER versus the legacy GMSK pul se shape.

7.21.21.2 Interference performance in downlink with subchannel specific power control
Simulation parameters are depicted in Table 7-14.

Table 7-14: Simulation settings for downlink interference performance with subchannel specific
power control

Parameter Value
Channel TU3
Fregquency hopping Ided
AMR modes TCHHS, TCHAFS 12.2, TCHAFS 5.9, TCHAHS 5.9
Antenna diversity (TX and RX) Off
SAIC On/ Off
External Interference Single Co-channel (MTS-1)
External Interferer Modulation GMSK
o] Carrier Power (includes both users) / Power of External Interferer
TSCs TSC-0 legacy and TSC-0 from new set shown in section 1.2.1.2
Number of frames 10000 frames per each C/I point

Multiplexing a SAIC mobile with a legacy non-SAIC mobile

In this section the case of multiplexing a SAIC mobile with a non-SAIC mobileis studied. It should be noted that one of
the two mobiles use the newer TSC hence they are not entirely legacy in that sense. However, apart from the knowledge
of the new TSC, nothing else is modified for the SAIC algorithm. Hence, the SAIC mobile with the knowledge of new
TSC here might as well represent a OSC aware mobile.
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SAIC mobile is on the stronger sub-channel. Thisis the typical multiplexing use case to support legacy non-SAIC

mobilesin the field using OSC. The results are shown in Figures 7-17, 7-18, 7-19 and 7-20. It can be observed that to
multiplex 4 users (2 of which are legacy non-SAIC mobiles) using half rate codecs— TCHHS or TCHAHS 5.9, C/Is
around 10 to 20 dB are sufficient in the cell. To multiplex full rate users using TCHAFS 5.9 for instance C/I ratios from
3 to 15 dB are sufficient. Thusit can be seen that multiplexing alegacy non-SAIC mobile with a SAIC mobile using
OSC isfeasible using both full rate and half rate codec modes. Hence, up to four usersincluding legacy non-SAIC

mobiles could be multiplexed using OSC in downlink using the proposed power control strategy.
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Figure 7-19 TCHAHS 5.9

Figure 7-20 TCHAFS 5.9

Legend: In the figures above, the usage of rectangular and square constellations is switched using a predetermined

pattern of length 8. For instance, Squarel Rect7_SAIC_ON depicts the performance of a SAIC mobile when the
constellation diagram is switched between 1 square (QPSK burst) and 7 rectangular bursts alternatively. It should be

noted that when the rectangular burst is used, the signal corresponding to the SAIC mobile is attenuated (by

approximately 7.6592 dB). RectConst_SAIC_ON refersto the case when all the bursts use the depicted rectangular
constellation (performance of SAIC mobile which in this case is always on the weaker channel is depicted) and
SquareConst._ SAIC_OFF referesto the case when all the bursts use QPSK (performance of non SAIC mobileis

depicted).

Multiplexing two SAIC mobiles
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Multiplexing two SAIC mobilesisthe easier case compared to the case studied in section above. The advantage of
having 2 SAIC mobilesisthat multiplexing could be achieved with much lower C/Isin the cell as seen from Figures 7-
21, 7-22, 7-23 and 7-24. Here user 2 is aways put on the strong channel and user 1 is put on the weaker channel. It can
be seen that with 2 SAIC mobiles, C/I ratios in the range of -3 to 12 dB are sufficient to support simultaneous voice call
between two mobiles on the downlink using TCHAFS 5.9 codec for instance. It should again be noted that one of the
two SAIC mobiles used the orthogonal TSC from the new TSC set and hence can be considered as a OSC aware
mobile. Alternatively two TSCs from the legacy set which have good orthogonality could aso be chosen thereby
multiplexing 2 legacy SAIC mobiles simultaneously. This case however has not been investigated here.
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Figure 7-21: TCH:HS
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Figure 7-23: TCHAHS 5.9

Text in this section originates by Nokia Corporation in [7-10].
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Figure 7-24: TCHAFS 5.9

Results from: MUROS - Performance of Legacy MS

In this section, the sensitivity and interference performance of both legacy non-DARP MS and legacy DARP MS
receiving aMUROS sub channel is presented. For interference performance verification the four MUROS Test Scenarios

(MTS1-4) described in chapter 5 are used.
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7.2.1.3.1 Simulation Assumptions
7.2.1.311 Legacy Terminals

The legacy DARP receiver applied in this section isa DARP phase | capable terminal. Such DARP terminals are widely
present in the market. The legacy non-DARP receiver applied in this section is also present in the market.

7.21.31.2 Transmitted MUROS Signal

In this section, the DL MUROS signal is generated by QPSK symbol mapping with wt/2 rotation and linearized GM SK
TX pulse shape asillustrated in Figure 7-25. This corresponds to the OSC technique presented by NSN in [7-2].

User 1 Channel Burst

data | 7 coding ] building | Ly, QPSK 7 Puise
mapping > rotation | > shaping >

User 2 Channel Burst >

data coding building

Figure 7-25: Block diagram of MUROS TX by mapping two users on BB and transmitted as a QPSK
modulated signal

As described above legacy training sequence codes (TSC) are applied to the first MUROS sub channel to make it fully
compatible with legacy M S. For the MURQOS second sub channel, the orthogonal TSCs proposed in [7-2] are assumed.
The pair TSC 0 is chosen from the combined TSC set for the simulations. DTX is not applied.

7.2.1.3.1.3 MUROS Interference Models

The four MUROS Test Scenarios (MTS1-4) specified in this TR and Adjacent Channel Interference (ACI) have been
used for verifying the interference performance of alegacy non-DARP and legacy DARP MS receiving a MUROS sub
channel.

For MTS modulation the GMSK and MUROS modulated interference agreed for MTS1-4 in this TR are included. For
ACI both the GM SK and MUROS modulation have been used as well. Only lower band ACI (-200 kHz) isincluded since
the effect of upper band ACI (+200 kHz) issimilar.

In [7-11] it was shown that the performance of a legacy DARP MS receiving a MUROS sub channel is more or less
independent of the interference modulation type aslong as GMSK is not applied for the interferer modulation.

7.2.1.3.1.4 Other Simulation Parameter

The performance is presented for TCH/AFS 12.2, TCH/AFS 5.9 and AHS 5.9. A typica urban channel profile, terminal
speed 3 knmvh (TU3) and frequency hopping (FH) in the 900 MHz band have been used for the DL MUROS simulations.
Typical MS impairments are included in the simulations.

7.2.1.3.2 Downlink Performance Results

The results in this section cover frame erasure rate (FER) as a function of C/I1 where C denotes the total power of the
received MURQOS signal (i.e. carrying 2 sub channels) and |11 denotes the power of the strongest co-channel interferer.

The presented performance is for the first MUROS sub channel containing the legacy TSCO. The performance of the
second MUROS sub channel is hot considered in this section, since changes are required to the M S receiver in order to
cope with the orthogonal TSCs presented in [7-2]. However, when the two MUROS sub channels have equal power the
performance of the second channel can be assumed to be on par with the first sub channel as noted in [7-12].

First the sensitivity performance is presented in subsection 7.2.1.3.2.1, and then the interference performance for the two
synchronous scenarios M TS1+2 are presented in subsection 7.2.1.3.2.2 and 7.2.1.3.2.3 respectively. The performance for
the two asynchronous scenarios MTS3+4 are presented in subsection 7.2.1.3.2.4 and 7.2.1.3.2.5 respectively. Finally the
ACI performance is presented in subsection 7.2.1.3.2.6.

721321 Sensitivity Performance

The sensitivity performance of alegacy DARP MS receiving a MUROS sub channel is presented in Figure 7-26.
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Figure 7-26: DL sensitivity performance of alegacy DARP MS receiving a MUROS sub channel

7.2.1.3.2.2 MTS-1 Performance

The performance of alegacy DARP MS and a legacy non-DARP MS receiving a MUROS sub channel when a single

synchronous co-channel interferer is present are shown in Figure 7-27 and Figure 7-28 respectively for AMR half rate
5.9, AMR full rate 12.2 and AMR full rate 5.9.

MTE1, TUSih345

—O— TCH/AFS12.2 (GMSK intert) [
| =@ =TCH/EFS12.2 (MURODS Interty []
| =B TCH/AF'SS.9 (GMSK, interf)

= = TCH/AFS5.9 (MUROS interl) ]
- | =P TCHAAHSS.S [GMSK Intert)
=~ TCH/AHS5.9 (MUROS interf)

A1 [dB]

Figure 7-27:DL Co-channel interference performance (MTS1) of a legacy DARP MS receiving a
MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
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Figure 7-28: DL Co-channel interference performance (MTS1) of a legacy non-DARP MS receiving a
MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9

7.2.1.3.2.3 MTS-2 Performance

The performance of a legacy DARP MS and a legacy non-DARP MS receiving a MUROS sub channel when mixed

synchronous interference is present are shown in Figure 7-29 and Figure 7-30 respectively for AMR half rate 5.9, AMR
full rate 12.2 and AMR full rate 5.9.

MTE2, TUSith945
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FER
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Figure 7-29: DL Mixed interference performance (MTS2) of a legacy DARP MS receiving a MUROS
sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
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Figure 7-30: DL Mixed interference performance (MTS2) of a legacy non-DARP MS receiving a
MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
7.2.1.3.2.4 MTS-3 Performance

The performance of alegacy DARP M S and alegacy non-DARP MS receiving a MUROS sub channel when asingle

asynchronous co-channel interference is present are shown in Figure 7-31 and Figure 7-32 respectively for AMR half
rate 5.9, AMR full rate 12.2 and AMR full rate 5.9.
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Figure 7-31: DL Asynchronous Co-channel interference performance (MTS3) of a legacy DARP MS
receiving a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
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Figure 7-32: DL Asynchronous Co-channel interference performance (MTS3) of a non-legacy DARP
MS receiving a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9

7.2.1.3.25 MTS-4 Performance

The performance of alegacy DARP M S and alegacy non-DARP MS receiving a MUROS sub channel when mixed

synchronous and asynchronous interference are present are shown in Figure 7-33 and Figure 7-34 respectively for AMR
half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9.
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Figure 7-33: DL synchronous and asynchronous mixed interference performance (MTS4) of a legacy
DARP MS receiving a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full
rate 5.9
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Figure 7-34: DL synchronous and asynchronous mixed interference performance (MTS4) of a legacy
non-DARP MS receiving a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR
full rate 5.9

7.2.1.3.2.6 ACI Performance

The performance of alegacy DARP MS and alegacy non-DARP MS receiving aMUROS sub channel when lower band
adjacent channel interference (-200 kHz) is present are shown in Figure 7-35 and in Figure 7-36 respectively for AMR
half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9. The 3GPP ACI performance requirements for the three AMR
codecs are indicated in the figures as well by red marks for information.
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Figure 7-35: Adjacent channel interference performance (lower band) of a legacy DARP MS receiving
a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
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Figure 7-36: Adjacent channel interference performance (lower band) of a legacy non-DARP MS
receiving a MUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9

7.2.1.3.3 Summary of results

This section presented the sensitivity and interference performance of alegacy DARP MS and a legacy non-DARP MS
receiving a MURQOS sub channel. For the interference performances both the MTS1-4 interference scenarios and ACI
scenario were used with the interferer modulation type being either: GMSK or MUROS.

As expected it was shown that legacy DARP MS are better to cope with a MUROS sub-channel than legacy non-DARP
MS. Furthermore it can be observed that a power balancing between the two MUROS sub-channels are desirable in order
to achieve the full benefit of MUROS.

71.2.2
7.22.1

Network Level Performance

Network Configurations

In order to evaluate the system impact of OSC, network simulations for the agreed MUROS network configurations were
carried out. Studied network configurations are shown in Table 7-15 and the used channel modes and mode channel
adaptation types in Table 7-16. Adaptation between OSC and non-OSC channel was based both on load and quality
measurements. DL receiver type was DARP Phase 1. The employed BTS antenna type had a 65° horizontal half power
beamwidth [7-8].

Table 7-15: Studied network configurations

Parameter MUROS-1 MUROS-2 MUROS-3a) | MUROS3h)
Frequency band (MHz) 900 900 1800 1800
Cell radius 500 m 500 m 500 m 500 m
Bandwidth 4.4 MHz 11.6 MHz 2.6 MHz 2.6 MHz
Guard band 0.2 MHz 0.2 MHz 0.2 MHz 0.2 MHz
# channels excluding guard band 21 57 12 12
#TRX 4 6 4 4
BCCH freguency reuse 4/12 4/12 N.A. N.A.
TCH frequency reuse 1/1 3/9 1/3 1/1
Frequency Hopping Synthesized Baseband Synthesized Synthesized
Length of MA (# FH frequencies) 9 5 4 4
Fast fading type TU TU TU TU
BCCH or TCH under interest Both Both TCH TCH
Network sync mode sync sync sync sync
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Table 7-16: Studied channel modes and channel adaptation types

Channel M ode Adaptation ~ Channel modes

Type AO GSM HR

Type Al GSM HR <-> 0OSC HR
Type BO AFS12.2

Type Bl AFS12.2 <-> OSC AFS 12.2
Type CO AFS5.9

TypeCl AFS5.9<->0SC AFS5.9
Type DO AHS5.9

Type D1 AHS5.9<-> 0OSC AHS5.9

Basic OSC employing the QPSK constellation in DL, as described above in this section 7.1.2.1 above, was simulated if
not otherwise stated. Adaptation between OSC and non-OSC channel was based both on load and quality measurements.
According to the defined mix of mobilesin section 5.3 the DL receiver type was either legacy non-DARP Phase |, legacy
DARP Phase | or DARP Phase | updated with the knowledge of the new TSC set ("OSC aware MS") as depicted in the
concept description above. Legacy non-DARP Phase | mobiles were not assigned to an OSC subchannel, whilst both
other types were assigned.

It is noted that no model for TSC degradation was incoporated, i.e. it has been assumed that always a well suited pair of
TSC'sis available. Link to system mapping based on CIR and DIR has been used. CIR and DIR are determined taking
into account each interferer in adjacent and co-channel frequencies where each interference value is multiplied by one
protection value that varies depending on which pulse shape is being used by the interferer, on the receiver type and on
whether the interference is received in co-channel or adjacent channel.

7.2.2.2 Performance results

System performance resultsin terms of blocking and DL TCH FER are presented in this section. The following criteria
for definition of minimum call quality performance were used:

- blocked calls < 2 %

- call average TCH FER:
- channelsusing full rate coding < 2% for at least 95% of the users
- channelsusing half rate coding < 3% for at least 95% of the users

In this section the performance evaluation is depicted for applying LGMSK TX pulse shape in DL, if both subchannels
are active. Results are compared for penetration of 100 % OSC aware M S either applying the legacy single user channel
mode or the MUROS channel mode.

System performance optimisation to fully support the OSC concept including refinements of all RRM procedures, such
as Channel Allocation, and AMR Channel Mode Adaptation, has been undertaken.

72221 MUROS-1

MUROS-1 capacity numbers are presented in Table 7-17. A0 (=GSM HR), BO (=AFS 12.2), CO (= AFS5.9) and DO (=
AFS 5.9) were blocking limited, whereas all the other cases were quality limited.
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Table 7-17: MUROS-1 performance results

Type Description Sl S Eney Ef?lrglve\zlr?gi EFL Limiting factor
[Users/MHz/site] [Users/TRX] [%)]
A0 HR 36.11 12.64 30.10 Blocked calls
Al MUROS HR 44.79 15.68 37.33| Bad q?;%’ calls
BO AFS 12.2 15.46 5.41 12.89 Blocked calls
B1 MUROS AFS 12.2 17.31 6.06 1442 | Bad qg},i?’ calls
Co AFS 5.9 15.4 5.39 12.83 Blocked calls
c1 MUROS AFS 5.9 26.18 9.16 2182 | Bad q?;%’ calls
DO AHS 5.9 36.13 12.65 30.11 Blocked Calls
D1 MUROS AHS 5.9 36.21 12.67 3017 | Bad qg}%’ calls
7.2.2.2.2 MUROS-2

MUROS-2 capacity results are shown in Table 7-18. In this |oose frequency reuse case (BCCH 4/12 and TCH 3/9) A1l.
B1 and D1 were quality limited and al the other cases were blocking limited.

Table 7-18: MUROS-2 performance results

. Spectral Efficiency Ha.rd_ware L
Type Description [Users/MHz/site] Efficiency EFL Limiting factor
[Users/TRX] [%]
AO HR 21.16 13.40 17.63 Blocked calls
Al MUROS HR 37.71 23.88 31.42 Bad quality calls
(3%)
BO AFS 12.2 9.64 6.11 8.03 Blocked calls
B1 MUROS AFS 12.2 12.67 8.02 8.90 Bad ?2%2')”3’ calls
Co AFS 5.9 9.66 6.12 8.05 Blocked calls
c1 MUROS AFS 5.9 20.74 13.13 17.28 Blocked calls
DO AHS 5.9 21.14 13.39 17.62 Blocked calls
D1 MUROS AHS 5.9 24.50 15.52 20.42 Bad ?3‘12')”3’ calls
7.2.2.2.3 MURQOS-3

Capacity results for MUROS-3 are shown in Table 7-19 and Table 7-20. Most of the cases where quality limited in this
tight frequency reuse network (TCH reuse 1/3 for MUROS-3 &) or 1/1 for MUROS-3 b), respectively).
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Table 7-19: MURQOS-3 a) performance results

Spectral Hardware
Type Description Efficiency Efficiency EFL Limiting factor
[Users/MHz/site] [Users/TRX] [%]
A0 HR 73.54 14.71 61.28 Blocked calls
Al MUROS HR 59.28 12.84 73.36 Bad quality calls
(3%)
BO AFS 12.2 32.86 6.57 27.38 Blocked calls
B1 MUROS AFS 12.2 34.80 6.96 29.00 Bad ?2‘12')“3’ calls
Co AFS 5.9 32.85 6.57 37.38 Blocked calls
c1 MUROS AFS 5.9 41.72 8.34 34.77 Bad ?2‘12')“3’ calls
DO AHS 5.9 73.01 14.60 60.84 Blocked calls
D1 MUROS AHS 5.9 72.19 14.44 60.16 Bad (“3‘12')“3’ calls
Table 7-20: MURQOS-3 b) performance results
Spectral Hardware
Type Description Efficiency Efficiency EFL Limiting factor
[Users/MHz/site] [Users/TRX] [%]
A0 HR 73.13 14.63 60.94 Blocked calls
Al MUROS HR 91.93 18.39 76.61 Bad quality calls
(3%)
BO AFS 12.2 32.76 6.55 27.30 Blocked calls
B1 MUROS AFS 12.2 37.92 7.58 31.60 Bad (“2‘32')"3’ calls
Co AFS 5.9 32.88 6.58 27.40 Blocked calls
c1 MUROS AFS 5.9 51.10 10.22 4258 Bad (‘*2‘12')“3’ calls
DO AHS 5.9 72.97 14.59 60.81 Blocked calls
D1 MUROS AHS 5.9 77.67 15.53 64.73 Bad (“3‘12')"3’ calls
72224 OSC capacity gains and HW efficiency

Table 7-21 shows the resulting system capacity gains for all MUROS configurations and all channel mode adaptation
types as depicted in section 7.2.2.2.3 . Results show very good capacity gains for OSC in MUROS-2 configuration with
the mean gain of 55 % for MUROS-2. In the tight reuse cases (MUROS-1 and MUROS-3) OSC provides remarkable
gains between 27 % and 70 % for AFS 5.9 codec, till considerable gains between 20 % and 26 % for GSM HR, whilst
moderate gains around 10 % are achieved for AFS 12.2 and almost no gains AHS 5.9 for these network configurations.

Table 7-21: Summary of OSC network level capacity gains for LGMSK pulse shape in DL

CMA Type MUROS-1 MUROS-2 MUROS-3 a) MUROS-3 b)
A 24 % 78 % 20 % 26 %
B 12% 11% 6 % 16 %
C 70 % 115% 27% 55 %
D 0% 16 % -1% 6 %

HW efficiency results are shown in Figure 7-37.

Whilst for MUROS-2 al channel mode adaptation types benefit in terms of HW efficiency between 11% and 114%, and
for MUROS 3b) likewise between 6 % and 55 %, HW efficiency can only be improved for channel mode adaptation type
C (AFS 5.9) throughout all network configurations varying between 70% (MUROS-1), 115% (MUROS-2), 27%
(MUROS-33)) and 55% (MUROS-3b)).
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Figure 7-37: HW efficiency for OSC with LGMSK pulse shape in DL for agreed MUROS network
configurations

7.2.2.25 Performance of optimized user diversity

Performance was investigated for the proposed optimized user diversity half rate patterns 1, 2 and 3 for network
configuration MUROS-1 and channel mode adaptation type D1, i.e. usage of AHS 5.9 codec in legacy channel type and
in MUROS channel type. Performance was investigated for different percentages of new OSC aware mobiles (25%, 50%,
75% and 100%). Performance results are depicted in Figure 7-38 and in Table 7-22 below.

EFL for Different User Diversity Patterns
for channel mode adaptation type D1 and MUROS-1
18.00

16.00
14.00 7/./
200 ——

./ —=—UD Pattl
10.00

EFL [%]

8.00 UD Patt 2
6.00 UD Patt 3
4.00

2.00 A

0.00

25% 50% 75% 100%
Penetration of OSC aware mobiles

Figure 7-38: EFL for MUROS-1, channel mode adaptation type D1 and different user diversity patterns
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Table 7-22: EFL for MUROS-1, channel mode adaptation type D1, different user diversity patterns and
different penetration of OSC aware mobiles

Type 25% 50% 75% 100%
UD Patt 1 10.41 11.78 13.23 15.11
UD Patt 2 11.35 13.65 15.09 15.23
UD Patt 3 10.89 12.52 14.75 1491

It has to be noted that only amix of legacy DARP phase 1 and new OSC aware mobiles was investigated here. We observe
that user diversity pattern 2 reveals the best performance, distributing the interference diversity best among different
users. Since the signalling channels were not included in the evaluation, user diversity pattern 3 always performs worse
than user diversity pattern 2 due to lower interference diversity for TCH. For network configuration MUROS-1 gains of
16% and 14% compared against user diversity pattern 1 (no user diversity) were largest for penetration rates of 50% and
75% of OSC aware mobiles. Gain for 25% penetration was about 9% and only a gain of 1% was evaluated for 100%
penetration case. Hence this analysis indicates that optimized user diversity reveals benefits for a mix of different mobile
receiver typesin the network.

7.2.2.2.6 Performance applying Sub Channel Specific Power Control for OSC

Text from [7-13] isincluded in this subsection. In [7-14] the sub channel specific power control method for OSC depicted
in section 7.1.2.2.1 was proposed. The following configurations depicted in Table 7-22a were eval uated.

Table 7-22a Simulation Assumptions

Parameter Setting A Setting B
Codec AFS 5.9 (channel mode type C) AHS 5.9 (channel mode type D)
Network Configuration MURQS-2 MURQS-2
Mix of Mobiles - 35 % non-DARP phase 1 - 35 % non-DARP phase 1
- 15 % DARP phase 1 - 15 % DARP phase 1
- 50 % OSC aware - 50 % OSC aware
Channel Mode Adaptation  deactivated deactivated
Subchannel Specific Power  activated activated
Control

Note an OSC aware mobile in this context refers to a mobile that is capable to operate a new TSC. No joint detection
capabilities based on the knowledge of the TSC used in the paired sub channel has been assumed for this MS type. The
OSC aware M S has got the same receiver filter than the DARP phase | mobile.

Note, in thisinvestigation the multiplexing of legacy DARP phase | mobiles, being assigned the weaker subchannel, with
legacy non-DARP mobiles, being assigned the stronger subchannel, on an OSC channel has been assumed. Therefore the
resultsin Table 7-xx cannot directly be compared against those given in Table 7-18.

Table 7-22b below summarizes the observed gains.

Table 7-22b Observed Capacity Gains due to Subchannel Specific Power Control

Type EFL [%] Gains[%] Limiting Factor
Setting A

Co 813 0 Blocked calls

c1 14.37 76.74 Bad quality calls (2%)
C1 and Sub Channel Specific PC 15.66 92.56 Bad quality calls (2%)
Setting B

DO 17.38 0 Blocked calls

D1 18.85 8.48 Bad quality calls (3%)
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D1 and Sub Channel Specific PC 20.02 15.20 Bad qudlity calls (3%)

From these results, based on the defined mix of mobiles, it can be seen that subchannel specific power control is able to
increase further network capacity gains due to OSC in the order of 7% to 16% for MUROS-2. Therefore it is considered
to be aviable solution for typical MUROS scenarios as well as for scenarios with a high percentage of legacy users.

7.2.2.2.7 Performance for Usage of Optimized TX Pulse Shape in Downlink
Text from [7-15] isincluded in this sub-clause.

One of the stated objectivesin relation to the MUROS study item [7-1] is the investigation into the performance of an
optimised pulse shape on the downlink.

In this sub-section, the system performance of the OPT 2 candidate Tx pulse is evaluated for two network scenarios
(MUROS-1 and MUROS-2) and for different penetrations of VAMOS type | mobiles.

722271 Setup for System Performance Evaluation
7222711 Network configurations

Studied network configurations are MUROS-1 and MURQOS-2 as shown in Table 7-15. The investigation includes
anaysis of the performance of half rate channel types, i.e. channel mode adaptation type A (GSM HR). Different mix
of mobiles have been evaluated with the share of VAMOS type | mobiles ranging from 50%, 75%, 100% and with
legacy non-DARP MS representing the remainder.

System performance was investigated in case of adoption of different transmit pulse shapes than the legacy linearized
GMSK (LGMSK) pulse shapein DL. Two candidates "OPT 1" and "OPT 2" for an optimized TX pulse shape have
been considered in the eval uation.

Call average FER thresholds were used for minimum call quality performance. 3% FER threshold criterion was used for
channels using half rate coding. Blocked call threshold was at 2% and the bad quality call threshold was at 5%. Mobile
speed was 3 knmv/h.

7.22.27.1.2 Channel mode adaptation

Adaptation between OSC and non-OSC channel was RxLevel / RxQual based using the thresholds with hysteresis. The
adaptation strategy that was adopted yielded the maximum possible gains for each investigated scenario.

7.2.2.2.7.1.3 Link to system interface

Details of the link to system interface can be found in sub-clause 7.2.4 and 7.2.5. The modelling methodology is
described in 7.2.4 and exemplary link to system mappings as well as verification results are provided in sub-clause
7.2.5. In this contribution, the L2S interface utilized a realistic depiction of the interference environment for both of the
evaluated network scenarios and for each of the evaluated penetrations of VAMOS type | mobiles. The relative
weighting of each type of interference to the receiver's performance is a so taken into account by the introduction of a
table of '"ACP factors. Different interference profiles and ACP factors were derived for the different Tx pul se shapes
included in the investigation. A further refinement of this methodol ogy yielding a higher modelling complexity would
be to adapt the mappings to the modulation of the dominant interferer.

722272 System Performance Results

Preliminary results for the OPT 1 candidate suggest a poor trade-off between performance vs. adjacent channel impact,
hence the system performance results presented in this section apply to the OPT 2 and the reference LGM SK pul se shapes
only.

Note that for al scenarios the UL was simulated as well, but was not identified as the limiting link.
7222721 MUROS-1

MUROS-1 capacity numbers are presented in Table 7-23a.
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Table 7-23a. MUROS-1 performance results.

Spectral Hardware Limiting Factor

MUROS-1 Efficiency Efficiency Gains
[Erl/MHZ/site] [Erl/TRX]

A0 50% 30.01 10.50 - Bad Quality Calls (3%)
A150% LGMSK 29.32 10.26 -2.30% Bad Quality Calls (3%)
A150% OPT 2 29.40 10.29 -2.04% Bad Quality Calls (3%)
A0 75% 30.47 10.66 - Blocked Calls
A1 75% LGMSK 31.74 1111 4.18% Bad Quality Calls (3%)
A175% OPT 2 31.80 11.12 4.36% Bad Quality Calls (3%)
A0 100% 30.55 10.69 - Blocked Calls
A1 100% LGMSK 34.49 12.07 12.89% Bad Quality Calls (3%)
A1 100% OPT 2 34.72 12.15 13.66% Bad Quality Calls (3%)

Table 7-23b shows the capacity gains for OSC when utilising the LGM SK Tx pulse.
Table 7-23b. OSC network capacity gains for MUROS-1.

Scenario OSC gain
MUROS-1 50% -2.3%
MUROS-1 75% 4.2%
MUROS-1 100% 12.9%

Table 7-23c shows the capacity gains for OPT2 versus LGM SK reference.
Table 7-23c. OSC network capacity gains utilizing OPT2 for MUROS-1.

Scenario OPT2 gain
MUROS-1 50% 0.27%
MUROS-1 75% 0.17%
MUROS-1 100% 0.68%

The network capacity gains for the 50% and 75% penetrations in Table 7-23c correspond to all users (VAMOS type |
and non-DARP type receivers combined). To determine the impact to the legacy receivers aone when the OPT2 pulse
isutilized by the VAMOS type | users, the BQC parameters have been collected for each receiver type independently.

The BQC performance curves below correspond to the legacy user performance for MUROS-1 at 50% penetration and
75% penetration (Figure 7-38a and Figure 7-38b respectively).
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Figure 7-38a. Bad Quality Call for the Non-DARP receiver for MUROS-1 50%.
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Figure 7-38b. Bad Quality Call for the Non-DARP receiver for MUROS-1 75%.

7.2.2.2.7.2.2MUROS-2
MURQOS-2 capacity numbers are presented in Table 7-24a.
Table 7-24a. MUROS-2 performance results.

Spectra Hardware Limiting Factor
MUROS-2 Efficiency Efficiency Gains
[Erl/IMHZ/site] [Erl/TRX]
A0 50% 19.12 12.11 - Blocked Calls
A150% LGMSK 25.32 16.03 32.38% Bad Quality Calls (3%)
A150% OPT 2 25.64 16.24 34.07% Blocked Calls
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AO 75% 19.13 12.12 - Blocked Calls
A1 75% LGMSK 28.05 17.76 46.60% Bad Quality Calls (3%)
A1 75% OPT 2 29.28 18.54 53.03% Bad Quality Calls (3%)
A0 100% 19.17 12.14 - Blocked Calls
A1 100% LGMSK 30.48 193 58.96% Bad Quality Calls (3%)
A1 100% OPT 2 31.26 19.8 63.05% Bad Quality Calls (3%)

Table 7-24b shows the capacity gains for OSC when utilising the LGM SK Tx pulse.

Table 7-24b. OSC network capacity gains for MUROS-2.

Scenario OSC gain
MUROS-1 50% 32.4%
MUROS-1 75% 46.6%
MUROS-1 100% 59.0%

Table 7-24c shows the capacity gains for OPT2 versus LGM SK reference.

Table 7-24c. OSC network capacity gains utilizing OPT2 for MUROS-2.

Scenario OPT2 gain
MUROS-1 50% 1.28%
MUROS-1 75% 4.38%
MUROS-1 100% 2.56%

The network capacity gains for the 50% and 75% penetrations in Table 7-24c correspond to all users (VAMOS type |
and non-DARP type receivers combined). To determine the impact to the legacy receivers alone when the OPT2 pulse
is utilized by the VAMOS type | users, the BQC parameters have been collected for each receiver type independently.

The BQC performance curves below correspond to the legacy user performance for MUROS-2 at 50% penetration and
75% penetration (Figure 7-38c and Figure 7-38d respectively).
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Figure 7-38d. Bad Quality Call for the Non-DARP receiver for MUROS-2 75%.

7.2.2.2.7.3 Performance Comparison
7.2.2.2.7.3.1 Introduction

In this contribution, a comparison is made between the system performance resultsin 7.2.2.2.7.2 for MUROS-2 and the
system performance resultsin [7-26] for MUROS-2.

7.2.2.2.7.3.2 Comparison

The assumptions taken in both cases were not identical. However this shouldn't prevent a comparison being drawn.
Especially in the case of MUROS-2 for the LGM SK and OPT 2 shapes. In this section, a comparison is made for 100%
VAMOS penetration and also between the 75% VAMOS penetration casein 7.2.2.2.7.2 and the 15% SAIC + 50%
VAMOS penetration case in [7-26].

Figure 7-38d1 shows the capacity gains from Table 7-24ain 7.2.2.2.7.2 and Figure 7-38d2 shows the capacity gains
from Figure 2 and Figure 3in [7-26].
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The relative gains compare well, with significant gains being seen for OPT2 in both cases with the exception of the
100% penetration case in Table 7-24a where only a moderate gain is seen.

The subsequent section investigates this latter case.

Capacity gain (comp.to non-VAMOS blocking) [%]

LGMSK (75% VAMOS) |

VAMOS OPT2 (75% VAMOS) |

LGMSK (100% VAMOS) |

VAMOS OPT2 (100% VAMOS) |

0 20 40 60 80 100

Figure 7-38d1. Capacity gain for MUROS-2 (taken from Table 7-24a).

Capacity gain (comp. to non-VAMOS blocking) [%]

LGMSK (15% SAIC + 50% VAMOS) |

VAMOS OPT2 (15% SAIC + 50% VAMOS) |

LGMSK (100% VAMOS) |

VAMOS OPT2 (100% VAMOS) |

0 20 40 60 80 100

Figure 7-38d2.Capacity gains for MUROS-2 (taken from [7-26]).

7.2.2.2.7.3.3 Interference analysis

The system evaluationin 7.2.2.2.7.2 is based on a modelling methodology whereby results are obtained iteratively
between:

e collecting network interference statistics for a given VAMOS Rx model
e updating the VAMOS Rx model based on the collected network interference statistics
One or more cycles are likely needed because each has a dependency on the other. See 7.2.4 for more details.

In this section, a comparison is made between the interference statistics from the simulations performed in 7.2.2.2.7.2
and the interference profile used in the Rx model depicted in 7.2.4.5.

Table 7-24b shows the interference statistics from simulations performed in 7.2.2.2.7.2 on the right and the interference
profile on the left (both corresponding to MUROS-2 with 100% V AM OS penetration and the LGMSK pulse).

While the interference profile and hence the VAMOS Rx model assume QPSK interference levels which are almost as
high asthe GM SK interference (e.g. QPSK ACI islessthan 1 dB lower), the system simulation shows the levelsto be
much lower (e.g. QPSK ACI isabout 7 dB lower).

This mis-match suggests a further iteration is needed for this particular case. Furthermore, it isalikely cause of the
limited gain seen for OPT2 at 100% VAMOS penetrationin 7.2.2.2.7.2.
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A further iteration in the methodology can be performed used the latest network interference statistics in Table 7-24b
(shown on the right).

Table 7-24b. Interference profile (left) compared with interference statistics from from the simulations
performed in 7.2.2.2.7.2 (right).

Interference profile Interference statistics
from 7.2.4.5 from the simulations
MUROS-2 100% VAMOS performed in
penetration LGMSK 7.2.2.2.7.2
Rel. PoP (%) Rel. (dB) PoP (%)
(dB)
Co-channel 1 (GMSK) 0.0 94% 0.0 99%
Co-channel 2 (GMSK) -10.8 78% -10.4 95%
Adjacent 1 (GMSK) 9.4 99% 9.7 100%
Co-channel 1 (QPSK) -1.2 93% -5.9 80%
Co-channel 2 (QPSK) -11.4 73% -16.1 48%
Adjacent 1 (QPSK) 8.7 99% 25 95%

7.2.3 Performance Summary

Further capacity gains were achieved when the OPT2 pulse was utilized. When evaluating the network capacity gain (as
defined in Section 5.5 and depicted in Figure 7-38d1), significant gains were achieved in MUROS-2 with the exception
of 100% VAMOS penetration where a moderate gain is seen. In this case, the QPSK levelsin the interference profile
are almost as high asthe GMSK levels while in the system simulation they were found to be much lower — suggesting a
pessimistic Rx model. A further iteration in the methodology may need to be performed in this case. No impact was
seen from the OPT 2 pulse towards the legacy users at 50% and 75% VAMOS-| penetrations.

Further enhancements such as subchannel specific power control on DL and the usage of optimized user diversity patterns
have been investigated as well. First investigations show that optimized user diversity improves the performance for
different mix of mobiles. Subchannel specific power control is ableto increase further network capacity gains dueto OSC
in the order of 7% to 16% for MUROS-2. Thus it is expected that enhanced OSC will yield a further performance
improvement for all network configurations both for the case of 100% of DARP phase | or OSC aware mobiles and for
the case of amix of OSC aware, legacy DARP phase | and legacy non-DARP mobiles.

7.2.4 Modelling methodology for a VAMOS and legacy mobile receiver
Text from [7-21] isincluded in this sub-clause.

7.2.4.1 Introduction

In this sub-clause, the methodology used for the evaluation of an optimised pulse shape for aVAMOS type | receiver
and alegacy non-DARP receiver is described.

7.2.4.2 L2S Modelling Methodology
The L2S methodology is based on that used in WIDER [7-22] which is depicted in Figure 7-38e.
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Figure 7-38e. L2S modelling methodology used in the investigation.

Aninitial interference profile and 'ACP factors are first used to determine an initial L2S interface. Theinitial L2S
interface is next used to determine an interference profile for each network configuration based on the measured
network interference levels. These interference profiles and 'ACP' factors are then used to determine final L2S interface

for each network configuration.

7.24.3 Initial Interference Profile

Each interferer in the MTS-2 interference profile was split into GMSK and QPSK modulated interference. The
proportions of the split represented the GM SK interference coming from the non-paired users (and dummy burstsin
case of BCCH carrier) and GMSK and QPSK interference coming from the paired users. To calculate these proportions,

the following information was utilised:

- the proportions of paired to non-paired usersin the network (which was obtained from earlier system simulations

[7-23])

- of the paired users, the probability of both sub-channels simultaneously being active or in-active and the

probability of only one sub-channel being active

The used Initia profile was the worse case profile (in terms of the level of QPSK interference) when calculated for each

network configuration and is depicted in Table 24-d.

More details of this approach can be found in [7-24].

Table 24-d. Initial interference profile for GMSK and QPSK modulated interference.

Interfering Signal

Interferer relative

power level
Co-channel 1 (GMSK) 0dB
Co-channel 2 (GM SK) -10dB
Adjacent 1 (GMSK) 3dB
Co-channel 1 (QPSK) -6 dB
Co-channel 2 (QPSK) -16 dB
Adjacent 1 (QPSK) -3dB
AWGN -17 dB
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7.2.4.4 'ACP' factors
7.24.4.1 Introduction

Thetotal interferer power in areceiver isassumed to be the interferer power that contributes to the raw BER
performance of the receiver and is referred to hereafter as the apparent power in the receiver.

7.2.4.4.2 RawBER 'ACP' factors for VAMOS | receiver

The VAMOS | receiver is expected to apply advanced interference processing (i.e. SAIC) whose performanceis
dependent on a number of factors which need to be reflected in the ACP factors. E.g.

- the modulation of the carrier

- the modulation of the interferer

- the pulse shape of the carrier

- the pulse shape of the interferer

- theinterferer frequency offset (CCl or ACI)

Table 24-e shows the raw BER factors that have been obtained for atypical VAMOS | receiver. They are the 6 % raw
BER pointsin the raw BER curves shown in Figure 7-38f and Figure 7-38g (the 6 % raw BER figure was verified as
being in the vicinity of the 1 % FER point for an AFS12.2 codec).

Table 24-e. Raw BER factors obtained for a VAMOS type | receiver.

CClI ACI CClI ACI
LGMSK pulse GMSK GMSK QPSK QPSK
non-paired (GM SK) -4.8 -20 52 -20.3
paired (QPSK) 9.3 -6.8 9.3 -6.7

CClI ACI CClI ACI
OPT1 pulse GM SK GM SK QPSK QPSK
non-paired (GM SK) -4.8 -20 6.5 -11
paired (QPSK) 6.8 95 7.7 4.4

CClI ACI CClI ACI
OPT2 pulse GMSK GMSK QPSK QPSK
non-paired (GM SK) -4.8 -20 6.3 -16.9
paired (QPSK) 7.9 -85 85 -6.2

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 116 ETSI TR 145 914 V15.0.0 (2018-07)

CCl results (raw BER)

—+— GMSKI/GMSK CCl

—#— QPSK LGMSK/QPSK LGMSK CClI
QPSK OPT1/QPSK OPTL CClI
QPSK OPT2/QPSK OPT2 CCI

—*— GMSK/QPSK OPT1 CCl

—e— GMSK/QPSK OPT2 CCl

—— QPSK LGMSK/GMSK CClI

—— GMSK/QPSK LGMSK CCl

QPSK OPT1/GMSK CCl
0.01 3 QPSK OPT2/GMSK CClI

017

raw BER

0.001 ++—+—+—+—+—+—+—+—+—t—t+—+—+—+—+—+—+—+—t+—+—t——+———t—————t————

Figure 7-38f. C/l performance for different types of co-channel interference in a VAMOS | receiver.
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Figure 7-38g. C/l performance for different types of adjacent channel interference in a VAMOS |
receiver.

7.2.4.4.3 RawBER 'ACP' factors for Legacy Non-DARP receiver

Table 24-f shows the raw BER factors that have been obtained for a Legacy non-DARP receiver. They are the 6 % raw
BER pointsin the raw BER curves shown in Figure 7-38h.

The model for the Legacy non-DARP receiver closely resembles alegacy receiver of a mobile vendor. The Rx filter has
a SQRC transfer function with 180 kHz bandwdith.
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Table 24-f. Raw BER factors for a Legacy non-DARP receiver.

cal ACI CCI QPSK | ACI QPSK | CCI QPSK | ACI QPSK
GMSK GMSK (LGMSK) | (LGMSK) (OPT2) (OPT2)
8.3 118 8.2 12 8 -85

Legacy non-DARP performance

q —e—GMSK ACI
o —= QPSK ACI LGMSK
- 01 QPSK ACI OPT2
2 1] GMSK CCl
g —%— QPSK CCI LGMSK
—e—QPSK CCI OPT2
0.01 _—--—
-20 -10 0 10 20
C/l (dB)

Figure 7-38h. C/I performance of a legacy non-DARP for different types of co-channel and adjacent
channel interference.

7.24.5 Final Interference Profile

Theinitial interference profile and the 'ACP' factors were used to determine an initial L2S interface. Thisinitial L2S
interface (which can be found in Annex 3 of [7-21]) was then used to determine afinal interference profile which was
obtained from the measured network interference levels for each of the different network scenarios.

These levels were based on interference statistics which were calculated with the following assumptions:

- All interferer levels were measured after slow fading but before fast fading. Thisisto avoid duplicating the
affects of fast fading in the link level simulator.

- Theburst-wise carrier to interferer ratio for each interferer was expressed as a CDF.
- The median level (50th percentile in the CDF) was used to characterise the power level of each interferer

- Interference ratios were specified relative to dominant co-channel interferer. This makesit easier to sweep over a
range of C/I valuesin the link simulator. For example, to populate the link to system mappings

- Statistics were collected at the BQC limit or blocking limit.

In addition, the probability of the occurance of an interferer in aburst is given (referred to as probability of presence or
PoP).

Additionally, network statistics have been obtained at 25%, 50%, 75% and 100% penetration rates of VAMOS-|
mobiles.

The interference profiles for each network scenario and the LGM SK and OPT 2 pul se shapes are shown in Table 24-g
for the MUROS-1 scenario and in Table 24-h for MUROS-2 scenario.
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Table 24-g. Interference profiles for the MUROS-1 scenario.

MUROS-1 25 % VAMOS penetration 50 % VAMOS penetration
Al
LGMSK pulse OPT2 pulse LGMSK pulse OPT2 pulse
Relative PoP (%) Relative PoP (%) Relative PoP (%) Relative PoP (%)
level (dB) level (dB) level (dB) level (dB)
Co-channel 1 (GMSK) 0.0 100% 0.0 100% 0.0 100% 0.0 100%
Co-channel 2 (GMSK) -4.8 100% -4.7 100% -4.5 100% -4.3 100%
Adjacent 1 (GMSK) 6.0 100% 5.9 100% 59 100% 5.8 100%
Co-channel 1 (QPSK) -26.1 1% -23.1 1% -29.8 30% -30.1 33%
Co-channel 2 (QPSK) #N/IA 0% #N/IA 0% -39.2 6% -39.6 7%
Adjacent 1 (QPSK) -25.4 1% -22.4 1% -26.8 47% -26.9 51%
MUROS-1 75 % VAMOS penetration 100 % VAMOS penetration
Al
LGMSK pulse OPT2 pulse LGMSK pulse OPT2 pulse
Relative PoP (%) Relative PoP (%) Relative PoP (%) Relative PoP (%)
level (dB) level (dB) level (dB) level (dB)
Co-channel 1 (GMSK) 0.0 100% 0.0 100% 0.0 100% 0.0 100%
Co-channel 2 (GMSK) -4.1 100% -4.1 100% -3.7 100% -3.8 100%
Adjacent 1 (GMSK) 5.7 100% 5.7 100% 5.7 100% 5.8 100%
Co-channel 1 (QPSK) -27.7 51% -28.0 53% -18.1 7% -17.3 82%
Co-channel 2 (QPSK) -37.7 17% -38.2 19% -28.1 46% -27.3 54%
Adjacent 1 (QPSK) -23.1 71% -23.1 2% -12.0 90% -10.8 93%
Table 24-h. Interference profiles for the MUROS-2 scenario..
MURQOS-2 25 % VAMOS penetration 50 % VAMOS penetration
Al
LGMSK pulse OPT2 pulse LGMSK pulse OPT2 pulse
Relative PoP (%) Relative PoP (%) Relative PoP (%) Relative PoP (%)
level (dB) level (dB) level (dB) level (dB)
Co-channel 1 (GMSK) 0.0 99% 0.0 99% 0.0 99% 0.0 99%
Co-channel 2 (GMSK) -10.0 95% -10.1 95% -10.3 93% -10.3 93%
Adjacent 1 (GMSK) 9.4 100% 9.3 100% 9.7 100% 9.7 100%
Co-channel 1 (QPSK) -12.3 32% -12.4 32% -8.9 62% -8.9 62%
Co-channel 2 (QPSK) -21.7 6% -21.9 6% -19.0 26% -18.9 26%
Adjacent 1 (QPSK) -84 55% -8.7 55% 2.1 85% 2.2 85%
MURQOS-2 75 % VAMOS penetration 100 % VAMOS penetration
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Al
LGMSK pulse OPT2 pulse LGMSK pulse OPT2 pulse
Relative PoP (%) Relative PoP (%) Relative PoP (%) Relative PoP (%)
level (dB) level (dB) level (dB) level (dB)
Co-channel 1 (GMSK) 0.0 98% 0.0 98% 0.0 94% 0.0 94%
Co-channel 2 (GM SK) -10.7 90% -10.7 90% -10.8 78% -10.7 79%
Adjacent 1 (GMSK) 10.1 100% 9.9 100% 94 99%% 9.5 99%%
Co-channel 1 (QPSK) 4.2 84% -4.3 84% -1.2 93% -1.1 93%
Co-channel 2 (QPSK) -14.6 54% -14.7 54% -114 73% -111 75%
Adjacent 1 (QPSK) 48 97% 46 97% 8.7 99% 8.9 99%

Notes:

Shown are the interferer levels when measured at the mobile antenna (i.e. before any processing by the mobile receiver). These levels were
calculated only from the bursts where the interferer was present. The proportion of burstsin this case is given by the interferer's PoP.

The PoP for the GMSK interferersis about 100 % i.e. they are always present in a burst and this reflects not only the high proportion of non-
paired usersin the network but also the proportion of paired users that are not simultaneously transmitting. Conversely, the PoP for the QPSK
interferers which is less than 100 % reflects the proportion of paired users in the network that arein VAMOS mode.

While the profiles are quite distinct between the MUROS-1 and MUROS-2, they differ only by a small amount between the different pulse
shapes. Thisisbecause the levels were measured at the mobile antenna and do not reflect the levels 'seen’ in the receiver i.e. the apparent
power levels (to calculate the apparent power levels, the RawBER 'ACP factorsin Section 5 need also to be applied).

7.2.5  Verification of Link to System Mapping
Text from [7-25] isincluded in this sub-clause.

7251 Introduction

In 7.2.4, amodelling methodology is described which provides areadlistic depiction of the interference environment of
each of the evaluated network scenarios, taking into account the different penetrations of VAMOS type | mobiles. The
relative weighting of each type of interference to the receiver's performance is also taken into account by the
introduction of atable of 'ACP factors. Different interference profiles and ACP factors were derived for the different
Tx pulse shapesincluded in the investigation. A further refinement of this methodology yielding a higher modelling
complexity would be to adapt the mappings to the modulation of the dominant interferer.

In this sub-clause, an exemplary link to system interface for aVAMOS-I1 mobile and a Legacy non-DARP mobileis
described that is based on the methodology in 7.2.4.

7.25.2 Link To System Interface For Vamos-I Receiver

Interference profiles representing network statistics for the different network scenarios (e.g. MUROS-1 and MUROS-2)
and different penetrations of VAMOS-I mobiles (50%, 75% and 100%) were simulated per carrier modulation (GM SK
or QPSK) and pulse shape (LGM SK or OPT?2) to yield 24 sets of data.

The burst-wise collected data was then clustered into 1 dB C/I bins (where C is carrier power and | istotal apparent
power) and theninto 3 dB DIR bins. Average raw BER is then calculated per cluster to produce the 2-dimensional [C/I,
DIR] to raw BER mappings.

Verification was carried out with data generated by alink level simulator configured with the interference profile for
each of the corresponding network scenarios, penetration of VAMOS-I type mobiles and evaluated Tx pul se shapes.

7.25.3 Mappings For The Vamos-I Receiver

In this section, the L2S mappings are given which correspond to the MUROS-1 and MUROS-2 networks and for each
of the evaluated VAMOS-I mobile penetrations (50%, 75% and 100%) and for each of the evaluated Tx pulse shapes
(LGMSK and OPT2).

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 120 ETSI TR 145 914 V15.0.0 (2018-07)

Mappings depict RBER as a function of C/I where | corresponds to the apparent power in the receiver (i.e. after ACP
factors have been applied). In the verification, | corresponds to 1st dominant co-channel interferer.

7.2.53.1 MUROS-1

7.25311 50 % VAMOS-I mobile penetration
LGMSK Tx pulse

GMSK_LGMSK_LGMSK. OSC DL CIR-BER mapping with instant DIR
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Figure 39-a. Mapping and verification for a GMSK modulated carrier
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QPSK LGMSK LGMSK: OSC DL CIR|DIR to BER 1st stage mapping.
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Figure 39-b. Mapping and verification for a QPSK modulated carrier

OPT2 Tx pulse

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 121 ETSI TR 145 914 V15.0.0 (2018-07)

GMSK_LGMSK_OPT2: OSC DL CIR-BER mapping with instant DIR
T T ™ -

GMSK LGMSK OPT2: OSC DL CIR|DIR to BER 1st stage mapping.
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Figure 39-c. Mapping and verification for a GMSK modulated carrier
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Figure 39-d. Mapping and verification for a QPSK modulated carrier

7.25.3.1.2 75 % VAMOS-I mobile penetration
LGMSK Tx pulse
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Figure 39-e. Mapping and verification for a GMSK modulated carrier
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QPSK_LGMSK_LGMSK: OSC DL CIR-BER mapping with instant DIR
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QPSK LGMSK LGMSK: OSC DL CIR|DIR to BER 1st stage mapping.
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Figure 39-f. Mapping and verification for a QPSK modulated carrier
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Figure 39-g. Mapping and verification for a GMSK modulated carrier
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Figure 39-h. Mapping and verification for a QPSK modulated carrier

7.2.5.3.1.3 100 % VAMOS-I mobile penetration
LGMSK Tx pulse
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Figure 39-i. Mapping and verification for a GMSK modulated carrier

10°

CIR/BER cloud|
& DIROdB
Dik s ch i S S—— 1 i
DIRBdB
——DIR12dB
1oL = . | | i i
-20 -15 -10 5 a 5 10 15 20 25
Inband CIR [cB]
4 QPSK_LGMSK_LGMSK: O8C DL CIR-BER mapping with instant DIR
. - - : -

CIR/BER cloud|
& DROdB |
——DIR3d8
DIR §d8
——DIR 12 6B
i i :

-15 -10 -5 0 L 10 15 20
Inband CIR [dB]

25

Average Raw BER

QPSK LGMSK LGMSK: OSC DL CIR|DIR to BER 1st stage mepping,
T

Verification
— Link Simulation
10—
-20 -10

10 20 30 40
Chtot [dB]

Figure 39-j. Mapping and verification for a QPSK modulated carrier
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Figure 39-k. Mapping and verification for a GMSK modulated carrier
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Figure 39-1. Mapping and verification for a QPSK modulated carrier
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Figure 39-m. Mapping and verification for a GMSK modulated carrier
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Figure 39-n. Mapping and verification for a QPSK modulated carrier
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Figure 39-0. Mapping and verification for a GMSK modulated carrier
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Figure 39-p. Mapping and verification for a QPSK modulated carrier

7.2.5.3.2.2
LGMSK Tx pulse

P GMSK_LGMSK_LGMSK: OSC DL CIR-BER mapping with instant DIR
0 T T T

CIRMBER cloud| "
> DIR0AB i

——DIR3dB
—DIRGdB
——DIR12dB
= I

25
Inbend CIR (8]

75 % VAMOS-I mobile penetration

Average Raw BER

-20 -10 10 20 30 40
Ctet [dB]

P GMSK LGMSK LGMSK: OSC DL CIR|DIR to BER 1st stage mapping.

0 T T T T
Verification 2
— Link Simulation H \

107 L= = = il i g i

-20 -10 ] 20 30 40

Chtot [dB]

Figure 39-q. Mapping and verification for a GMSK modulated carrier
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Figure 39-r. Mapping and verification for a QPSK modulated carrier
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Figure 39-s. Mapping and verification for a GMSK modulated carrier
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Figure 39-t. Mapping and verification for a QPSK modulated carrier
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GMSK LGMSK LGMSK: OSC DL CIR|DIR to BER 1st stage mapping.
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Figure 39-u. Mapping and verification for a GMSK modulated carrier
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Figure 39-v. Mapping and verification for a QPSK modulated carrier
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Figure 39-w. Mapping and verification for a GMSK modulated carrier
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Figure 39-x. Mapping and verification for a QPSK modulated carrier

7.25.3 Mappings For The Legacy Non-Darp Receiver

In this section, the L2S mappings are given for the Legacy non-DARP receiver.

The interference profile was the DTS-2 model configured with GMSK modulated interferers.

The burst-wise collected data was clustered into 1 dB C/I bins (where C is carrier power and | istotal apparent power).
Average raw BER is then calculated per cluster to produce a C/I to raw BER mapping.

Verification was carried out with data generated by alink level simulator configured with the DTS-2 interference
profile using GMSK interferers and separately using QPSK interferers.

: CIR-BER sample cloud
—&— CIR-BER mapping

Figure 39-y. Mapping for Legacy non-DARP receiver.
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Figure 39-z. Mapping verification using GMSK interferers (left) and QPSK interferers (right).

7.3 Impacts on the Mobile Station

Legacy AMR mobiles may be capable to receive sub channel O, if n/2 rotation is applied in downlink for QPSK. For
second sub channel the M'S should be able to support new training sequences in both downlink and uplink. Indeed the
receiver may need to apply e.g. pre-filtering type of receiver to remove ISl for orthogonality.

To improve the accuracy of channel estimation the receiver may also use both binary training sequences of sub channels,
denoted as "OSC aware RX", resulting about 0.6 dB gain with QPSK like training sequence, see Figures 7-11 and 7-16.

For sub channel specific PC the MS needs to be coping with unequal power on sub channels. For user diversity the MS
needs to support the specified user diversity patterns and the assisted signalling.

For support of an optimised Tx pulse shape on downlink the MS needsto signal its capability to receive it.

7.4 Impacts on the BSS
7.4.1 BTS Transmitter

The BTS transmitter should support QPSK or QPSK as subset of higher order modulation. Also the symbol rotation of
/2 needsto be supported by the BTS.

For sub channel specific PC the BTS needs to be able to change mapping of usersto 8PSK constellation based on power
control indication.

The Tx pulse shaping filter should also facilitate spectrally wider e.g. RRC pulse shape e.g. with 270 kHz bandwidth in
order to provide optimised link and system performance. But linearised GMSK may be applied as well assuming that the
new pulse shaping filter is optional.

7.4.2 BTS Receiver

The BTS is preferably equipped with 2 receive antennas and uses e.g. either Space Time Interference Rejection
Combining (STIRC) or Successive Interference Cancellation (SIC) receiver to receive orthogonal sub channels used by
different MSs. Alternatively, the BTS receiver for two GMSK users separated by training sequences could be based e.g.
on Joint Detection (JD) of two GM SK userswith aJD receiver. A fourth option isto use two independent GM SK receivers
for each sub channel.

Indeed BSS should apply uplink power control possibly interworked with Dynamic Channel Allocation (DCA) scheme
to keep difference of received uplink signal levels of co-assigned sub channels within e.g. +15 dB window.

7.4.3 Radio Resource Management (RRM)

The RRM should balance received uplink signal levels of both sub channels within +15 dB range and should use e.g.
current AMR FR or HR traffic channels as a fallback when needed.
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With regard to the user diversity procedure, the definition of predefined user diversity patterns as described in the concept
section 7.1.2.2.5.3 needs to be undertaken. Thus RRC signalling is needed to indicate during channel assignment the
operated user diversity pattern. In addition the sub channel number, the used TSC on this sub channel as well as the new
channel type need to be signalled in the channel assignment message.

7.4.3.1 Power Control

Downlink power control may use conditions of the weakest link ascriteria. Total power control range for uplink balancing
purposeisabout 30 dB + 30dB (30 dB range for each multiplexed MS). To make PC four times faster in uplink, Enhanced
Power Control may be used.

7.4.3.2 Dynamic Channel Allocation (DCA)

Dynamic channel allocation can sort different OSC voice usersto e.g. 30dB windows according to path losses and allocate
those to the same resource and balance these further with power control.

Intra Cell Handover for DCA may betriggered for auser having higher or lower level depending on the case. For example
amore sensitive user with higher path loss can be left intact, whilst a user with higher level is signalled to perform intra
cell HO or vice versa.

7.4.3.3 AMR Channel Rate and Codec Mode Adaptation

The switching between e.g. FR, HR and OSC HR, may use similar criteriaasin current FR / HR switching, but may take
additionally care about sufficient path loss window to maintain operation of SIC in uplink. AMR Codec Mode Adaptation
may rely on current parameters.

7.5 Impacts on Network Planning

7.5.1 Impacts to Abis interface

In order to support OSC, dimensioning aspects on Abisinterface have to be considered. In the following impacts on Abis
alocation strategy, Abis bandwidth consumption and Abis migration paths are considered in more detail.

7511 Impact of OSC on Abis allocation strategy

Introduction of OSC denotesin the context of Abisinterface introduction of 2 new transmission modes (in addition to the
existing one where 1 radio channel corresponds to 1 Abis sub channel): OSC Full Rate (OSCFR) mode and OSC Half
Rate (OSCHR) mode.

As depicted in Figure 7-39, in OSCFR mode it is possible to transmit 2 FR users in a single radio channel which
corresponds to simultaneous occupation of 2 Abis sub channels.

FR ” sub-TSL

osc
e ” sub-TSL

Figure 7-39: Mapping of FR and OSC FR radio channels onto 16 kbit/s Abis sub channels

As depicted in Figure 7-40, in OSCHR mode it is possible to transmit 4 HR usersin a single radio channel which also
corresponds to simultaneous occupation of 2 Abis sub channels. Note that 2 HR users working in OSC HR mode can
also be multiplexed in time. In such case they occupy 1 Abis sub channd (just like "non OSC" HR call).
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Figure 7-40: Mapping of HR and OSC HR radio channels onto 16 kbit/s Abis sub timeslots

Which of the modes (OSCFR only, OSCHR only or both) isto be used depends on the actual implementation.

75.1.2 Impact of OSC on bandwidth consumption

Theoretically, if al Abistimeslotsin all TRXsinthe given BTS site work at the sametime in "OSC transmission mode"
— the Abis bandwidth that would need to be available for CS traffic must be doubled in comparison to "no OSC
transmission mode". Note that Abis bandwidth reserved for signalling must also be adjusted accordingly in such case.

However, unless a 100% penetration of OSC capable mobilesis available in the network, it is unlikely to achieve 100%
penetration of OSC channels. Thus a suitable mix of OSC channels and legacy FR and HR channels has to be assumed
for Abis dimensioning, taking into account that the mobiles may require OSC channel mode adaptation from OSC HR
channel mode or legacy HR channel mode to legacy FR channel mode in case of degrading radio conditions. Hence the
actual impact of OSC on the Abis interface depends on penetration of the functionality, i.e. the percentage of radio
channels working in "OSC transmission mode". The greater the penetration of OSC channels the more Abis resources
must be reserved for CS domain.

The Abisimpact will be studied further in more detail for sel ected scenarios based on the agreed network configurations.
7.5.1.3 Abis migration paths

Implementation of OSC extending CS capacity on radio and consequently on Abis interface as well contributes to the
steadily growing requirements concerning bandwidth available in the transport network in particular with regard to Abis
interface. On the other hand additional transport network capacity in terms of TDM lines leadsto increase of OPEX since
leased lines costs' need to be taken into account. Thusaviable solution isto migrate the transport networks towards packet
based ones and to IP based ones as replacement of the existing TDM-based networks. One of the possible migration
strategiesis the introduction of pseudowire emulation which alowsto convert the selected PCM linesinto | P packets and
then to transmit their content by means of Ethernet network. This allows to smoothly migrate from TDM-based transport
to IP-based one in pace depending on availability of reliable IP/Ethernet networks. Final step consistsin using "native"
IP networks to transmit traffic produced in the RAN. With these solutions further OPEX savings in terms of smaller
bandwidth consumtion in the transport networks are expected due to additional traffic optimization and statistical
multiplexing effects.

7.5.2 Impacts on Frequency Planning

OSC channels can be employed both on BCCH carrier and on TCH carrier. In case of usage of the legacy GMSK pulse
shape no straight impact on frequency planning is observed. All proposed techniques, such as subchannel specific PC,
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power balancing, usage of new TSC's and user diversity are operating independent of used frequency hopping scheme.
However as performance investigations have shown, OSC can exhibit best performance for HW limited scenarios and
loose frequency reuses. For tighter frequency reuses further optimizations of RRM algorithms and application of
enhancement techniques need to be executed, before the potentia of capacity improvement for OSC can be identified for
these scenarios.

Since OSC operates best for loose reuse scenarios, deployment on the BCCH carrier is a viable option. Thisis also true
in case an optimized Tx pulse shape as described in section 7.1.2.1.3 is employed on downlink to minimise ISI. In case
an optimized Tx pulse shape is used on the TCH layer, further investigations are required to identify the overall
performance gain taking into account impact of the wider pulse on reception of legacy mobiles. Hence this should be
studied in the context of an optional enhancement of the OSC feature.

7.6 Impacts on the Specifications
In Table 7-23 alist of affected specifications and the respective subjects for introducing OSC into GERAN is shown.
Table 7-23: Affected existing specifications for OSC
Spec No. Subj ect

24.008 Capability indication for OSC solution
Capability indication for support of optimized pul se shape
44.018 RR support for OSC solution
45.001 Overview of OSC solution
45.002 New training sequences, multiplexing definitions
45.003 Definition of coding required for OSC
45.004 Modulation definition for OSC in downlink
Specification of an optimized TX pulse shape on downlink
45.005 Test Scenarios for OSC

Spectral requirements for downlink
Performance requirements for legacy GM SK pul se shape on DL
Performance requirements for optimized TX pulse shape on DL

45.008 Link quality control measurements
48.008 Introduction of the signalling for support of OSC
48.058 Introduction of the signalling for support of OSC
7.7 Summary of Evaluation versus Objectives

In this section the candidate technique is eval uated against the defined objectivesin chapter 4. Note, this section
represents the view of the proponents of this candidate technique.

The following classification is used for the eval uation:

Fulfilled

Expected to befulfilled

Unclear/FFS

Not fulfilled

7.7.1 Performance objectives

Evaluation of MUROS Candidate

Techniques Orthogonal Sub Channels
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Performance Objectives

P1: Capacity Improvements at the 1) Gains have been shown by system level simulations

BTS to be between 20% and 76% dependent on the system
1) increase voice capacity of GERAN in order | Scenario and speech codec investigated for OSC.
of a factor of two per BTS transceiver Further gains on top have been shown when utilizing

2) channels under interest: TCH/FS, TCH/HS, | sub channel specific power control in the range of 7%
TCHIEFS, TCH/AFS, TCH/AHS and TCHWFS | to 16% or are expected related to the usage of

optimized Tx pulse shape on DL.

P2: Capacity Improvements at the

air interface

1) enhance the voice capacity of GERAN by
means of multiplexing at least two users
simultaneously on the same radio resource
both in downlink and in uplink

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 134 ETSI TR 145 914 V15.0.0 (2018-07)

71.7.2 Compatibility objectives

Orthogonal Sub Channels

Compatibility Objectives
C1: Maintainance of Voice Quality

1) voice quality should not decrease as
perceived by the user.

2) A voice quality level better than for GSM HR
should be ensured.

C2: Support of Legacy Mobile

Stations
1) Support of legacy MS w/o implementation
impact.
2) First priority onl Slf)ppon of legacy DARP 2) System level performance for 100 % DARP phase 1
mobiles were shown at GERAN#39, inclusion of

phase 1 terminals, second priority on support AINE
of legacy GMSK terminals not supporting legacy non-SAIC MS were studied in based on usage
DARP phase 1. of subchannel specific power control.

C3: Implementation Impacts to
new MS's

1) change MS hardware as little as possible.

2) Additional complexity in terms of processing

power and memory should be kept to a
minimum.

C4: Implementation Impacts to
BSS
1) Change BSS hardware as little as possible
and HW upgrades to the BSS should be
avoided.

2) Any TRX hardware capable for MUROS
shall support legacy non-SAIC mobiles and
SAIC mobiles.

3) Impacts to dimensioning of resources on
Abis interface shall be minimised.

3) Impact is to reserve a higher number of sub
channels on Abis interface and possibly use another
packet Abis technology.

C5: Impacts to Network Planning

1) Impacts to network planning and frequency
reuse shall be minimised.

2) Impacts to legacy MS interfered on downlink
by the MUROS candidate technique should be
avoided in case of usage of a wider transmit
pulse shape on downlink.

3) Furthermore investigations shall be
dedicated into the usage at the band edge, at
the edge of an operator's band allocation and
in country border regions where no frequency
coordination are in place.

2) Impacts on legacy MS reception for optimised TX
pulse shape need to be further investigated.
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OSC is believed to have a high potential for voice capacity improvement, as has been shown in this chapter of the TR.
Investigations on OSC have confirm the high potential for doubled voice capacity in GERAN networks depending on the
frequency reuse of the network under interest. Furthermore a solution by applying subchannel specific power control has
been created to allow for efficient multiplexing including legacy mobiles. Further enhancements using new user diversity
have been defined to improveinterference diversity for traffic channel sbut al so for SACCH control channels. Considering
that an urgent need for this improvement has been expressed in particular by asian operators [7-9], it is believed that
GERAN should agree to open a work item on the introduction of orthogonal sub channels.
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8 Adaptive symbol constellation
8.1 Concept Description

In the uplink the MS shall use GMSK modulation. A different training sequence shall be assigned to each MS. The BSS
shall implement a multi-user multiple-input-multiple-output (MU-MIMO) receiver in order to decode the two desired
signals.

In the downlink, alinear modulator using a rotating hybrid quaternary complex symbol constellation is proposed. The
modulation is adaptive since the signal constellation may be time dependent. The constellation can be chosen according
to the capabilities or radio conditions of the MS's. Two sub-channels are created from the real and imaginary parts of
the baseband signal. Legacy GMSK M'S may be assigned one of the subchannels provided alegacy training sequenceis
used.

A new set of training sequences with good orthogonality properties shall be designed in order to optimize the link
performance both in the uplink and the downlink.

8.1.1 Symbol Constellation for the Downlink

A parameter 0< < \/E is chosen to create a quaternary constellation as shown in Table 8-1.

Table 8-1 & -QPSK Constellation
a\/%+j\/2—a2\/% a\/%—j\/Z—az\/% —a\/g+j\/2—a2\/g —a\/g—j\/Z—az\/%

The constellation of Table 8-1 shall be caled an & -QPSK constellation. The extremevalues & =0and & = \/E yield
BPSK constellations, while for ¢ = 1 an ordinary QPSK constellation is obtained. Figure 8-1 depicts the case = 0.6.

Signal Constellation o=0.6

) R 3 S S S -

] NSRS 72 SN PR SNSRI SO S
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1 H 1 1 1 1 1 1 1
[ T S SO S AU S IO o
1 H 1 1 1 1 1 1 1
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Figure 8-1: Example & -QPSK constellation

As o changes the power in the | channel is changed by 1010g,, (c?) dB, relative to the power of the | channel when
using ordinary QPSK. Similarly, the power in the Q branch is changed by 1010g,, (2 — &®) dB relative to the power
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of the Q branch for ordinary QPSK. The cross power ratio y , depicted in Figure 8-2, between the | and Q branchesis
determined by & as.

2

o
x =10log,, (2_—0{2)

It is expected that legacy GM SK mobiles will be able to demodulate one of the sub-channels, provided ¢ is chosen so
that |}(| islarge enough. Thisassumption is verified in section 8.2.1.3.1 .

Note that the energy in an ¢ -QPSK constellation is aways 1, independent of x.

30 T

20 /

-20

-30
-40 / I i i i

Figure 8-2: Cross power ratio

Power ratio between subchannels [dB]

8.1.2 a -QPSK Modulator

The linear modulator required to create the hybrid quaternary symbol constellation of Table 8-1 is depicted in Figure 8-
3. The code bits are modulated to binary symbols{-1,+1}. This results in two binary symbol streams a, and b, that are
mapped to one & -QPSK symbol stream c,. The quaternary symbol stream is rotated and passed through a linear pulse
shaping filter. Finally the signal is up-mixed to the carrier frequency and amplified.

The two users are separated by means of different training sequences. The use of orthogonal training sequences will
improvethe performance. Utilizing a pul se shaping filter that satisfiesthe Nyquist criterion will maintain the orthogonality
of the | and Q sub-channels. The legacy linearized GM SK pulse may be used in order to comply with the legacy spectral
mask.

Map to a-QPSK
codebitsuser 1 | MODULATE | (a) ploo-Q
—_ —
{+1-1} symbols rotate pulse Amplify
(cn)
R _ | shaping [ | and
o . 2-0? UD-Mix
codebitsuser 2 | MODULATE | () |G =75 &+ b —7 >
_ >
{+1-1}

Figure 8-3: & -QPSK modulator and transmitter
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8.1.3 Choice of Symbol Constellation

To determine symbol constellation, i.e. & , the modulator may receive feedback from the MS's. For example & may
depend upon the reported RXQUAL, or upon the capahilities of the MS's, e.g. legacy/legacy SAIC/ & -QPSK-aware.
Thisprocessisillustrated in Figure 8-4, where the box labeled & -QPSK modulator contains the modulator described in
Figure 8-3. The BSC box represents the Base Station Controller.

BSS y J \
recaver : Rx
|:‘ MS2

A

BSC MS1

A

Control unit:

Decide vdue of &

i a i
i a -QPSK i
! Modul ator :
! of '

Figure 8-3

Figure 8-4: Adaptive & -QPSK modulator

The BSS decides the powers P1 and P2 required for MS1 and M S2 respectively, depending on the reported capabilities,
RXQUAL and RXLEV by each MS. The control unit computes a combination of output power P and & that givesthe
required combination of P1 and P2. Dynamic Channel Allocation (DCA) may be used to move users from shared radio
resources to not shared radio resources and vice versa.

An & -QPSK-aware mobile may ignore the value of ¢ . However, it can be advantageous to use it during the
demodulation process. Depending on the algorithm used at the control unit, an & -QPSK-aware MS may not have
knowledge of the value of & used by the modulator inthe BTS. If it is unknown then it can be estimated. In section
8.2.1.2.2 simulations are presented to show that the estimation is feasible.

8.1.4  Adaptive Constellation Rotation

Since compatibility with legacy mobilesis desired, it has been proposed to rotate the signal by % . However, this

rotation angleis not optimum in terms of PAR for these symbol constellations. Typical power amplifiers are peak
limited, which for asignal with high PAR requires additional power backoff. Hence, as the PAR increases, the coverage
of the BTS decreases.

To optimize PAR in the DL it is proposed to adapt the rotation angle to the capabilities of the MS receivers. The
penetration of MUROS M Ss will increase with time. Eventually two MUROS mobiles will be assigned to two
orthogonal sub-channels. In this case, there's no need to continue using the sub-optimal rotation angle. For example, if

QPSK modulation is used, then rotation by % will result in lower PAR and will eliminate zero crossings. The figures
below illustrate this fact. The unit circle is depicted in red and the baseband signal in blue.
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Baseband signal, w2 rotation, «=1.0

a5 1 05 0 05 1 15

Figure 8-5: Example baseband signal. Ordinary QPSK. 77/2 rotation. Linearized GMSK Tx pulse

Baseband signal, w4 rotation, o=1.0

Figure 8-6: Example baseband signal. Ordinary QPSK. 77/4 rotation. Linearized GMSK Tx pulse

The rotation angle shall be chosen so that PAR is minimized. If thereisalegacy mobilein at least one of the sub-
channels then the BTS modulator rotates the signal by 77/ 2. However, if two & -QPSK MUROS mobiles are paired
together on orthogonal sub-channels, the transmitting base station can choose constellation rotation to minimize PAR.
Toillustrate the concept Figure 8-7 shows the PAR as afunction of alphafor & -QPSK constellations rotated n/2 and
a/4 radians.
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PAR [dB]

"~ Alpha

Figure 8-7: PAR as a function of alpha

When apha equals 0.77 and 1.19 the two PAR curvesintersect. To minimize the signal PAR a base station would hence
adapt its choice of rotation according to the active alphavalue:

/4, if (0.77 1.19
rot(a):{z if (0.77 < <1.19)

ml2 otherwise.
On the receiver side, the M S performs blind detection of the rotation angle, among a predetermined set of rotation
angles. From EGPRS it is known that blind detection of rotation is possible with negligible performance loss and low
computational complexity. This assumption isverified in section 8.2.1.2.2.2.

8.1.5 Frequency hopping

Since the intra-cell interference is vastly increased by the introduction of multiple users re-using the same time slot it
has been considered to increase diversity (i.e., to ensure that a user is not continuously interfered by the same other
user). Diversity is achieved by means of frequency hopping. The frequency hopping schemes can be applied both in the
uplink and downlink. Initial simulations in the downlink show substantial gains. The performance in the UL isFFS.
Assume that the MAIO takes values in the set {0,1,..., N —1}. Denote by S, the symmetric group on the set
{04,...,N—-1}. S, consists of all bijective mappings from {0,...,N—1} to {01,...,N =1} In other words, an
element 0 € S, isapermutation of the set of N integers {O,l,. .+N —l}. The length of the MAIO hopping sequence

is chosen to be an arbitrary positive integer M. A MAIO hopping sequence is defined by a set of M elements
Ogs-.-, Oy Of Sy . Repetitions are alowed. That is, it is possible to choose 0, =0 ,for m#nN. Given atime
specified by the counter FN, the MAIO for the i -th call assigned to the second OSC sub-channel is

MAIOeN(1)= 0y moam (1) » OIS N -1. D

Here MOod denotes the arithmetic modulo operator.

Another scheme for MAIO hopping values generation is based on existing pseudo random hopping sequence generation
specified in 45.002.
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Since the same hopping sequence is used for the different sub channel setsit is guaranteed that at most two users hop
onto the same frequency and timeslot at any time instant.

First the case when available frequency hopping is re-used for MUROS.

Assume that two more mobile stations are present in the cell, M4 and M5. They are assigned parameters as shown in
Table 8-2.

Table 8-2: Frequency hopping parameters for case with existing OSC solution

M1 M2 M3 M4 M5
MA {1,4,7,10} {1,4,7,10} {1,4,7,10} {1,4,7,10} {1,4,7,10}
Basic hopping | [2,3,1,0,2,0,1,3] [2,3,1,0,2,0,1,3] [2,3,1,0,2,0,1,3] [2,3,1,0,2,0,1,3]] [2,3,1,0,2,0,1,3]
sequence5
MAIO 0 1 2 0 1
Sub-channel 0 0 0 1 1
Frequency [7,10,4,0,7,0,4,10, | [10,0,7,4,10,4,7,... | [0,4,10,7,0,7,10,4, | [7,10,4,0,7,0,4,10, | [10,0,7,4,10,4,7,
sequence ...] ] ] ]

Using the frequency sequence in Table 8-2 resultsin the frequency hopping illustrated in Figure 8-8. It is evident that
mobile stations M1 and M4 continuously use the two sub-channels of the same channel and thereby are subject to each
other'sinter-sub-channel interference. Similarly, M2 and M5 continuously interfere each other. M3, on the other hand,
is not subject to any inter-sub-channel interference.

Figure 8-8: Frequency hopping, with existing OSC solution
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Finally, consider the OSC solution with improved frequency hopping. Assume there are still 5 mobile stationsin the
cell (on the considered timeslot number). The same parameters are used as in Table 8-2 but users of the second sub-
channel, i.e. M4 and M5 will hop between the MAIOs.

A set of permutations giving the MAIO hopping sequencesin Table 8-3 is chosen.

Table 8-3: MAIO Hopping Sequences

MAIO
M4 0 2 2 1 2 0 2 1.
M5 1 [1 [0 [0 1 [ 2 0 0..

iFN=0 FN=1 FN=2 FN=3 FN=4 FN=5. ! FN=6 ;| FN=7... |

The following table shows the resulting assignment of frequencies.

S The length of the hopping sequences are assumed to be eight. These hopping sequences are used for illustrative purposes only and do not

reflect actual hopping sequences for GSM [8-4].
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Table 8-4: Frequency sequences
M1 M2 M3 M4 M5
MA {1,4,7,10} {1,4,7,10} {1,4,7,10} {1,4,7,10} {1,4,7,10}

Basic [2,31,0,2,0,1,3] [2,31,0,2,0,1,3] [2,31,0,2,0,1,3] [2,31,0,2,0,1,3] [2,31,0,2,0,1,3]
hopping
sequence6

MAIO 0 1 2 from Table 8-3 from Table 8-3

Sub- 0 0 0 1 1
channel

Frequency  [7,10,4,0,7,0,4,10,...] [10,0,7,4104,7,..] [7,1,1041,7104,...] [7,104,0,7,0410,..] [10,0,7,4104,7,...]
sequence

without

hopping

over

MAIOs

Frequency [7,10,4,0,7,0,4,10,...] [10,0,7,4104,7,...] [7,1,104,1,7,104,...] [7,410,4,0,0,100,...] [10,04,0,10,7,4,10,...]
sequence

applying

cyclic

hopping

over

MAIOsin

sub-

channel 1

The resulting frequency hopping isillustrated in Figure 8-9. It can be seen that the interference diversity hasimproved.
E.g., mobile station M1 is sometimes interfered by M4, sometimes by M5 and sometimes not interfered at all. A similar
improvement is seen for M2. M3, which was never subject to inter-sub-channel interference with the existing OSC
solution, is now sometimes interfered by M4 or M5. But the fairness has improved due to the improved frequency
hopping. Further, since the channel coding makes the channel robust to a certain amount of interference, it islikely that
the speech quality on average has improved in the cell (assuming the network iswell dimensioned to handle the given
load). No simulation results have been provided in this document but similar gains as shown in [8-3] can be expected.

12
1
10 fM28 m5 M1 M3 BN M2 M5 M3 N M1 M5
9
8
Freq 7 M1 INEH M2 M3 M1 M3 M5 M2
6
5
4 v3 IV Vi1 vms M2 N M2 M1 M5 M3
3
2
1 M3 M2 M5 VERRVIRRVEN @ RN | M2 B
0 1 2 3 4 5 6 7
Frame Number

Figure 8-9: OSC with improved frequency hopping

The length of the hopping sequences are assumed to be eight. These hopping sequences are used for illustrative purposes only and do not
reflect actual hopping sequences for GSM [8-4].
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8.1.5.1 Legacy support

Since the frequency hopping scheme uses already available MAIO hopping the diversity scheme will support legacy
mobiles (given that legacy mobiles can be supported by the MUROS concept and that they are allocated to sub channel
one). Note that also legacy mobiles will be able to utilize the gain of the frequency hopping feature, especially when
having fractionally loaded TSs.

8.1.5.2 Additional signaling

Both the users of the first and second sub-channel will re-use the frequency hopping in GSM is defined in the 3GPP
specification 45.002 [8-4]. However, the second set of users will use an additional hopping sequence to hop between
MAIQOs, which needs to be signaled to the mobile station.

To generate the MAIO hopping sequence, the MS must know the set of allowed MAIOs (the MAIO Allocation,
MAIOA). Given the MAIOA, the number of MAIOsto hop over is known. Assuming that the permutations are
predetermined and stored in the mobile station, the M S sel ects the permutation corresponding to the size of the MAIOA
and an additional parameter determining which MAIO hopping sequence to use (the parameter | in the examplein
section 8.1.5). Thisis here denoted the MAIOHSN.

Optionally, several permutations can be defined for each given MAIOA size. This requires another parameter to be
signaled to the mobile station, a MAIO permutation number, MAIOPN.

The MAIOA, the MAIOHSN and optionally the MAIOPN need to be signaled to the mobile station during assignment,
handover and reconfiguration. It is necessary to update the relevant signaling messages to convey the new parameters.

Since the resource allocation in the cell can change during a call, it should be possible to change the parameters during a
call. Therefore, the signaling messages should also include means for coordinating the change to new hopping
parameters between all M S, e.g., a starting time after which the new parameters apply.

8.1.6 SAM - Single Antenna MIMO - for VAMOS
8.1.6.1 Concept description

The & -QPSK modulated, baseband, received signal (r ) sampled at the symbol rate can be written in terms of an L-

tap complex-valued channel (h, )¢, the user 1 binary symbols (@, )., the binary symbols for user 2, (b, )N, , the

rotation angle @ (6 = 7t/ 2 for backward compatibility with legacy GM SK mobiles) and complex-val ued noise plus
interference (W, ) :

'_

-1

o« LZh iy i V2—o?
- n—k J
k=0 \/E k=0

Equivalently, after de-rotation by &,

h e . +w, . (1)

n

/ 2
Zhankﬂ \/_ Zhbnk+v\/ @)

where the prime indicates that the signal and the channel taps have been de-rotated.

Taking real and imaginary partsin Equation (2), and using the fact that the symbols (a,)"., and (b,)"., arereal-
valued, we obtain the following pair of equations
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Re(r') =L 5 Re(hy N2-07 g+ e

e(rn)_ﬁl(z:: e( k)an—k \/E . m( k) n—k+ e( n)! (3)

Sm(r7) =% 5 smit)a, . +32=% S e )b, , + Im(w,)

m(r’)=—=>» 3m(h))a,, + e(h))b,_, +3Im(w).
V25 N~ S

Defining

o ’ V

3m(ry) | o .. N2—a? [ Sm(w)) |’
M) )

we can re-write (3) in matrix form

L-1 a K
=) HJ " |+ W, .4
k=0 bn—k

For the sake of concreteness, let us describe a simple example of interference cancellation based on the model (4). It
employs Interference Rejection Combining (IRC). Let Q = El\Tvn . \TvnT J be the 2x2 gpatial covariance matrix of the

noise. First, a Cholesky factorization Q’l =D'Dis performed. Decorrelation of the 2 branchesin (4) is achieved by
multiplying both sides of (4) by D.
L-1 an—k
r=YD-H, +D-W, (5)
b
k=0 n—k

This simple linear transformation performs interference suppression. Writing y, =D -1, G, =D -H,,

€, = D-W, (5) becomes

L-1 ani
y, = ZG{b k}+e (6)
k=0 n-k

where (&,) isatwo dimensional white noise and

o

a ’

G "j{gﬁ gfz}:{dﬂ du} 5 el _\/i Im(h,)
“lok os] Lo o 2-a
\/Egm(hk) ﬁ ————Re(hy)
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d..o o d.2-a? d..v/2-a?

11 9{ h 12 S h _ 11 S h 12

|y g Imh) T e Smh) T e
d,o d,vV2-a® ,
N 3m(h,) ~ 5 Re(hy)

Note that the matrix taps Gk of the whitened channel do not exhibit the symmetries of the original channel taps H

——=—Re(h)

The signal model

L1 k k
yn:Z|:g|l(l 912:||:b i|+e )

k=0 g 21 g 22

is atime dispersive 2x2 MIMO system with additive Gaussian white noise. Optimum detectors are known for these
signals. Hence, thistype of receiver is appropriately named Single Antenna MIMO (SAM) receiver.

Please note that we do not advocate the simple IRC technique of (5). It isincluded just to illustrate the main idea. Better
performance is obtained if more sophisticated whitening techniques are used. For example, the SAM receiver used for

the simulations in Section 4 models the noise plus interference (\Tvn) in (4) asaVector Auto-Regressive (VAR) process
0.

Note that if there is no interference present then (4) reduces to a model for joint detection, which yields the optimum
receiver in sensitivity scenarios. Thus, the signal model (4) provides an accurate representation of ¢ -QPSK modulated
signalsin both interference and sensitivity scenarios.

8.1.6.1.1 Computational Complexity

The computational complexity of a SAM receiver depends upon subtle implementation details. However, it is possible
to make several general observations.

- The number of state transitions required in the trellisin a SAM demodulator with L MLSE tapsis 4. Thus, if
3 MLSE taps are used, the number of state transitions will be 4° =64.As acomparison, atypical legacy
GMSK demodulator uses 5 ML SE taps and there are 2° = 32 transitionsin the trellis, and in an 8PSK
demodulator with 2 MLSE taps there are 8° = 64 transitionsin the trellis.

- Synchronization and estimation (e.g. channel estimation) for SAM are dightly more complex than in legacy
SAIC receivers.

- Severa well known interference suppression algorithms used in legacy DARP Phase | receivers may be re-used
in SAM receivers.

Taking into account the previous observations, arough estimate of the complexity of SAM can be made:

Complexity SAM with 3 MLSE taps = 2.5X Complexity legacy GMSK SAIC.
8.2 Performance Characterization

8.2.1 Link Level Performance

Link level simulations have been performed in propagation conditions TU3iFH, TU50iFH and TU3nFH using speech
codecs AFS/12.20, AFS/5.90 and AHS/5.90.

Interference simulations as well as sensitivity simulations have been performed for the both DL and UL. Interference
scenarios MTS-1-4 has been used for the evaluation.

Sub channel power imbalance ratios, SCPIRs, of -8, -4, 0, 4, 8 dB has been investigated for the DL and SCPIRs of 0O,-
5,-10,-15 have been investigated for the UL.
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8.21.1 Simulation assumptions

Inthe DL simulations, three different receiver types have been used: non-SAIC receiver, SAIC receiver and MUROS
receiver. For the UL a Successive Interference Cancellation, SIC, receiver has been used.

For the sensitivity limited scenariosin DL a backoff of 3.3 dB has been used, based on Figuer 8-7. It should be noted that
a smaller backoff could be used for alphavaues+ 1.

Common simulations assumptions for UL and DL arelisted in Table 8-5 and assumptions specific for DL and UL are
listed in Table 8-6 and Table 8-7 respectively.

Table 8-5: Common simulations assumptions

Parameter Value

Speech codec TCH/AFS12.2,

TCH/AFS5.90,

TCH/AHS5.90
Channel profile Typical Urban (TU)
Termina speed 3 km/h, 50 km/h
Freguency band 900 MHz
Frequency hopping Ideal, No
Interference/Noise MTS-1,

MTS-2,

MTS-3,

MTS-4,

Sensitivity

Table 8-6: DL simulation assumptions

—1/Q gain imbalance
—1/Q phase imbalance
—DC offset

— Frequency error

— PA model

Parameter Value

Antenna diversity No

Frequency offset external | Normal distribution [HZ]

interferers N(50,17)

Backoff 3.3dB

Receiver type non-SAIC (reference)
SAIC
The SAIC agorithm used for the receiver utilizes a spatial-temporal
Vector Autoregressive (VAR) Model
MURQOS
The MUROS receiver has been implemented as a single antenna
QPSK receiver. Aware of the TSC of both sub channels

I mpairments: Tx/ Rx

— Phase noise 0.8/1.0 [degrees(RMS)]

0.1/0.2 [dB]
0.2/ 15 [degrees|
-45/-40 [dBc]

- 125 [Hz]
Yed -
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Table 8-7: UL simulation assumptions

Parameter Value
Antenna diversity Yes
Frequency offset external | Normal distribution [HZ]
interferers and paired sub | N(100,33)
channel
Receiver type SIC, spatio-temporal IRC
Legacy GMSK, MRC (reference)

Rx filter RRC!

- Bandwidth 240 kHz

- RRC rolloff 0.3
I mpairments: Tx/ Rx
— Phase noise 0.8/1.0 [degrees(RMS)]
—1/Q gainimbalance 0.1/0.2 [dB]
—1/Q phase imbalance 0.2/ 15 [degrees]
—DC offset -45/-40 [dBc]
Note 1: The 3 dB bandwidth of the RRC filter.

For the UL the wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. The two columnsin the
UL plots show the results of the same simulations. The difference isin the scale of horizontal axis. The total carrier to
interference ratio (C/1, where C=C1+C2) is shown on the |eft hand side, while the sub-carrier to interferenceratio C1/I
is depicted on the right hand side.

NOTE: The agreed working assumption isto present plots for (C1+C2)/I.

NOTE: The performance for the UL has been normalized so that the reference receiver reaches 1% FER @ 0 dB.
8.2.1.2 Sensitivity Performance
8.2.1.21 SAIC receiver
From the simulations below it can be concluded that:

- The SAIC receiver can handle sub channel power imbalance ratios, SCPIRs, > -8 dB.

- The higher the SCPIR, the closer the performanceisto alegacy GMSK channel.

- Thelower the SCPIR the larger degradation. |.e. the degradation from SCPIR=-4 -> SCPIR=-8 is larger than the
degradation from SCPIR=0 -> SCPIR = -4.
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Figure 8-10: AFS/12.20 sensitivity
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Figure 8-11: AFS/5.90 sensitivity
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Figure 8-12: AHS/5.90 sensitivity
8.2.1.21.1 Support of legacy mobiles

One important objective of the feasibility study is to enable support of legacy mobiles with the new technique.
Simulations have been performed by a number of vendors, see [8-5]-[8-9], to investigate the feasibility of using the
adaptive symbol constellation concept with legacy SAIC implementations. The simulation results are collected in the
following sections. A more detailed description of these findings can be found in [8-10].

It is shown that most SAIC implementations investigated seem to be able to support the concept.

All five references simulated a-QPSK in sensitivity limited scenarios with different speech codecs. AFS12.2 and
AFS5.90 was common to all vendors and has thus been used in the comparison.

The different performance has been compared to SCPIR = 0 dB at 10 % FER. Although 1 % FER would be a more
suitable measure for speech performance, 10 % has been chosen since more results are available at thislevel.

In all ssimulationsa TU3iFH channel has been used.
NOTE: The performance shown estimates the performance presented in [8-5]-[8-9].
Based on [8-5]-[8-9] the SNR performance has been estimated at 10 % FER.
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Figure 8-12a: AHS5.9 performance degradation due to SCPIR for AHS 5.90 (top left), AFS 5.90 (top
right) and AFS 12.2 (bottom left)

In general it can be seen in Figure 8-12athat most legacy SAIC implementations are aligned in performance (Ericsson,
Nokia and NXP) with one implementation giving alarger degradation (ZTE). One SAIC implementation performs
significantly different (Marvell), experiencing a FER collapse at SCPIR < -3.5 (Shown in the plot as an infinite
performance degradation).

Based on the shown results it seems that most SAIC implementations on the market will be able to support the alpha-
QPSK concept. Although there is a difference in performance between vendors, given a certain sub channel power
imbalance ratio, it is expected that system functionality, such as, MUROS channel mode adaptation will ensure end user
performance not to be degraded.

8.2.1.2.2 MUROS receiver
8.21.2.21 Symbol Constellation Detection

To illustrate the feasibility of MS symbol constellation detection presented in section 8.1.3 . Figure 8-13 showsthe DL
performance for scenarios:

- Alphasignaled to the MS, i.e. alpha known by the MS (blue line).
- Alphaestimated with aL S estimator (black line).
- Alphaestimated with a L S estimate smoothed over a measurement period of 480ms (red line).

The performance of the | channel is presented. Investigated values of o were selected to make the studied sub-channel
both dominant and suppressed, according to Table 8-8.

Table 8-8:Alpha versus relative sub channel power
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a Power ratio [dB]
0.4 -10.6
0.6 -6.6
1.0 0
1.2 4.1
10°
— a=0.4; Signaled.

— a=0.4; LS / smoothed est.
— a=0.4; LS estimated.

—— a=0.6; Signaled.

—— a=0.6; LS / smoothed est.
10-1 N —— a=0.6; LS estimated.

—— a=1; Signaled.

—— a=1; LS / smoothed est.
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Figure 8-13: AFS5.90 with different receiver information of a

Alpha was restricted to the continuous interval 0.28 - 1.39 to achieve a relative power control range of +14dB between
the two sub channels, as depicted in Figure 8-2. Speech codec AFS 5.90 was utilized during the simulations.

The performance degradation when o is LS estimated and smoothed over a measurement period is below 0.3 dB at all
investigated FER levels. When smoothing is discarded the performance is further degraded, but the total degradation
never exceeds 0.5dB.

8.2.1.2.2.2 Constellation Rotation Detection

Asdescribed in section 8.1.4 when two & -QPSK MUROS mobiles are paired together on orthogonal sub-channels, the
BSS can choose the constellation rotation to enhance the PAR.

In order to benefit from the PAR enhancement the MUROS MS's must be able to detect the constellation rotation. The
simulation results presented in Figure 8-14 illustrates the ability of the M S to do so and simultaneous estimate alpha
without deteriorating the receiver performance. The results presented were achieved for & -QPSK constellation with a
symbol rotation of 1/4 and apha values according to Table 8-9. For each alpha val ue three scenarios were simul ated:

- Alphavaue and symbol rotation known by the M S.

- Alphavalue estimated while symbol rotation known by the MS.

- Alphavalue estimated and symbol rotation detected by the M S.
For aphaequal to 1.0 an additional scenario was simulated:

- Alphavalue known while symbol rotation detected by the M S.

In this scenario the & -QPSK MUROS constellation takes the form of a QPSK constellation. Thisis of relevance since
it investigates if the adaptive constellation rotation concept is applicable when MUROS is based on a pure QPSK
constellation. Speech codec AFS 5.90 was utilized during the simulations.
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Table 8-9: Alpha versus relative subchannel power

a Power ratio [dB]
0.8 -3.3

1.0 0
1.15 29

FER [%]

—+— Alpha=0.8,Alpha est., Rot. known

[| —+— Alpha=0.8, Alpha est., Rot. est.

| —— Alpha=0.8, Alpha known, Rot. known

[| —— Alpha=1, Alpha est., Rot. known

| —e— Alpha=1, Alpha est., Rot. est.

[| —&— Alpha =1, Alpha known, Rot. known

—e— Alpha=1, Alpha known, Rot. est.

“ 1| —— Alpha=1.15, Alpha est. Rot. known

[| =+— Alpha=1.15, Alpha est., Rot. est.

[| —+— Alpha=1.15, Alpha known, Rot. known : : :
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Figure 8-14: MUROS receiver with/without alpha estimation and rotation detection

The receiver performance is dependent on the alpha value. The dominant sub-channel is as expected showing better
performance than the suppressed sub-channel. The alpha estimation and rotation detection scenarios are showing a
performance degradation of approximately 0.2dB or less compared to the scenarios where both alpha and rotation is
known. The same is true when compared to the scenarios where aphais estimated and rotation is known.

Asthe degradation due to alpha estimation and rotation detection never exceeds 0.2 dB for any of the studied alpha values
it will be compensated by the PAR enhancement presented in Figure 8-7.

8.2.1.2.3 SIC receiver
8.2.1.23.1 Investigations by Telefon AB LM Ericsson
8.2.1.2.31.1 Simulation assumptions

The reference receiver isalegacy GMSK MRC receiver. The simulation assumptions are shown in Table 8-9a below.
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Table 8-9a Simulation assumptions.

Parameter Value

Channel profile Typical Urban (TU)
Terminal speed 3 km/h
Frequency band 900 MHz
Frequency hopping Ideal (TU)
Interference modulation GMSK
Antenna diversity Yes
Receiver type SIC, spatio-temporal IRC.
Interference/Noise Noise
Rx filter RRC!

- Bandwidth 240 kHz

- RRCrolloff 03
I mpairments: Typical Tx and Rx impairments

Note 1: The 3 dB bandwidth of the RRC filter.

8.2.1.2.3.1.2 Performance Plots

The performance has been normalized so that the reference receiver reaches 1% FER @ 0 dB.

From the simulations below it can be concluded that:

- Inall test cases the performance of the weakest sub-channel isinferior to the performance of the reference MRC

receiver at 1% FER.

- Worst performance is seen for SCPIR = 0 dB.

<-8CPIR=-15dB
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“*SCPIR=0dB
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Figure 8-15 Sensitivity performance for TU3iFH, TCH/AFS5.90 (top left), TCH/AHS5.90 (top right) and
TCH/AFS12.2 (bottom left)

8.2.1.2.3.2 Investigations by ST-NXP Wireless France
8.2.1.2.3.2.1 Simulation Assumptions

Text in this section is based on contributions [8-21] and is related to evaluation of sensitivity performance in downlink.
Simulation assumptions can be found in Table 8-9b.
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Table 8-9b: Simulation assumptions for Downlink.

Parameter Value

Channel profile Typical Urban (TU)

Terminal speed 3 km/h (TU)

Frequency band 900 MHz

Frequency hopping Ideal (TU)

TSC allocation User subchannel C1: legacy TSCO (wanted signal)
User subchannel C2: new TSCO from [8-15]

Interference MTS-1 and MTS-2 model

Interference modulation GMSK

MUROS SCPIR 0,-4,-8dB

7] Power of wanted user C1/ dominant external interferer
power |1 or
Power of total signal C / dominant external interferer
power |1

Frequency offset Not relevant for MIC in DL

Used Codecs TCH/AFS 12.2, AFS5.9, AHS 7.95 and AHS 5.9

Antenna diversity No

Receiver type - MIC/SAIC
- S-MIC (successive MIC)

Receiver implementation Fixed-point

Frequency offset Timesl ot-based, no outer compensation loop

compensation

Simulation time 200 sec (40 000 timeslots) per point

Rx filter Bandwidth 240 kHz (3 dB bandwidth)

Rx-Impairments:

— Phase noise 2.0 [degrees (RMS)]

—1/Q gain imbalance 0.2 [dB]

—1/Q phase imbalance 15 [degrees]

— Noise figure 8 [dB]

8.2.1.2.3.21

Simulation Results for Downlink

FER of C1
T
-
-

—<&— CEQ w/o OSC, C1=C
—+—MIC, CL/C2 = 0dB ['2
—+—MIC, Cl/C2 = -4dB [
—+ -MIC, Cl/C2 = -8dB [
—6— S-MIC, C1/C2 = 0dB
-=-©--'S-MIC, CL/C2 = -4dB
=0~ S-MIC, C1/C2 = -8dB
;

_J--I1Z-C

N
Xj‘f*f#ff\ffAffJfff
)

ETSI TR 145 914 V15.0.0 (2018-07)

L Il
—«— CEQ w/o OSC, C1=C
—+—MIC, CUC2 = 0dB
—#—MIC, ClC2 = -4dB
—+ -MIC, ClC2 = -8dB
—e—sS-MIC, Cl/C2 = 0dB|- 4 - -\ - \
--6-- S-MIC, C1/C2 = -4dB \
--@~- S-MIC, C1/C2 = -8dB

FER of C1

10° = T T T
-4 -2 0 2 4

Eb/NO = E,/NO in dB

Figure 8-16: Sensitivity for AFS 12.2, power C1
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DL Sensitivity, TCH/AFS 5.9, TU3iFH, C = C1 + C2 DL Sensitivity, TCH/AFS 5.9, TU3iFH, C = C1 + C2 = constant
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Figure 8-18a: Sensitivity for AFS 5.9, power C1 Figure 8-18b: Sensitivity for AFS 5.9, power C

DL Sensitivity, TCH/AHS 7.95, TU3iFH, C = C1 + C2 DL Sensitivity, TCH/AHS 7.95, TU3iFH, C = C1 + C2 = constant
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Figure 8-19a: Sensitivity for AHS 7.95, power C1  Figure 8-19b: Sensitivity for AHS 7.95, power C

DL Sensitivity, TCH/AHS 5.9, TU3iFH, C = C1 + C2

o o DL Sensitivity, TCH/AHS 5.9, TUSiFH, C = C1 + C2 = constant
10 = = =@
10"
— —
O O
G G
x Y x
i I i I T\ i I
,|| —<4—CEQwlo OsC, c1=C .|| —€4— CEQw/o OsC, C1=C
105 ——mMmIC, C1C2 = 0dB 10 g ——MIC, cuC2 = 0dB
[ ——MIC, C1/C2 = -4dB [ —+—MIC, CUC2 = -4dB
[ —« -mic, cuc2 = -8dB [l —+ -Mic, cuc2 = -8dB
H —6—S-MIC, C1/C2 = 0dB H —©—S-MIC, C1/C2 = 0dB
H ==©-='S-MIC, C1/C2 = -4dB H ==©-= S-MIC, C1/C2 = -4dB
=+@-:- S-MIC, C1/C2 = -8dB I I -+@-:- S-MIC, C1/C2 = -8B
10° T T T T ! I 10° T —
o 2 4 6 8 10 12 14 16 18 20 22 0 5 10

Eb/NO = ECllNO indB Es/NO = ECl+C2/N0 indB

Figure 8-20a: Sensitivity for AHS 5.9, power C1 Figure 8-20b: Sensitivity for AHS 5.9, power C

8.2.1.3 Interference Performance
8.2.1.3.1 non-SAIC receiver

The non-SAIC legacy GM SK receiver uses afive tap least squares channel estimate. The ¢ -QPSK-aware receiver uses
aquaternary trellisMLSE and & isassumed to be known. The modulator is as described in Figure 8-3. The x-axis has
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been normalized so that the reference GMSK reaches 1% FER @ C/I =0 dB. The legacy and ¢ -QPSK-aware receiver
use orthogonal training sequences consisting of the legacy TSCO and the corresponding new sequence from [8-2].
Figure 8-21 shows the performance of the OSC concept as described in [8-2]. The Tx filter is a Hanning windowed
RRC, rolloff 0.3, with a 3 dB bandwidth (before windowing) of 270 kHz. Speech codec AMR/HR 7.40 was used.

It is seen that even arobust legacy MSis unusable. In fact the FER for the legacy mobile is never lower than 60%,
independently of the C/1.

TUsOnoFH, AHSY 40, DTE2

10

10

FER

10

—&— GMSK reference
—B— O5C/O5C-aware M5 [
—&— 05C/Legacy M3

-2 a 2 4 ] 5 10 12
CA normalized [dB]

Figure 8-21: OSC with a legacy GMSK receiver in one sub-channel and OSC-aware receiver in the
other sub-channel. Wide Tx Pulse

Figure 8-22 shows the performance of & -QPSK modulation. The value of & =0.67 has been chosen empirically, and is
assumed to be known at the & -QPSK-aware receiver. The simulation settings used are the same as used in Figure 8-21.

] o =067, TUsOnoFH, AHSY 40, DTS2

T T T I
—&— GMSK reference

; o-OP Sk oGP S aware WS [
U —F— o-QPEK/Legacy MS |

G/l normalized [dB]

Figure 8-22: & -QPSK modulation with a legacy GMSK receiver in one sub-channel and & -QPSK —
aware receiver in the other sub-channel. Wide Tx Pulse
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Figure 8-23 shows the performance of ¢ -QPSK-aware and legacy receivers when ¢ =0.67 and the Tx pulseisthe
linearized GMSK pulse used in EGPRS. The performance is somewhat degraded with respect to the wide Tx pulse
performance shown in Figure 8-22.

’ o =067, TUSOnoFH, AHS7 40, DTS2
_______ | AN I I I I I
-l —f— GMSK reference

- QP Sk o-OP Sk-aware MS [
—+— - OPSK/Legacy M3 I

2 -1 ] 1 2 3 4 5 5 7
C/l narmalized [dB]

Figure 8-23: ¢ -QPSK modulation with a legacy GMSK receiver in one sub-channel and & -QPSK —
aware receiver in the other sub-channel. Linearized GMSK Tx Pulse

Figure 8-24 shows that even two legacy MS's can be multiplexed using & -QPSK, aslong as one of them hasa SAIC
receiver. The legacy training sequences TSCO and TSC3 have been used. Recall that the legacy training sequences are
not mutually orthogonal. The value & =0.67 has been used even though it is not optimal, because it isinstructive to
make comparisons with Figure 8-22 and Figure 8-23.

| o, = 0.67, TUSOnoFH, AHS7.40, DTS2

—&— GMEK referance i
c-QPSk/Legacy SAIC MS
4 : : +— o-OPSkiLegacy M3
¥ | | T T T
-2 a 2 4 G g 10
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Figure 8-24: QPSK modulation with legacy GMSK receiver in one sub-channel and legacy SAIC
GMSK receiver the other sub-channel. The sub-channel decoded by the Legacy SAIC MS has less
power than the other sub-channel. Linearized GMSK Tx Pulse

8.2.1.3.2 SAIC receiver
From the ssimulations it can be concluded that:

- The degradation when changing from GM SK modulation to QPSK modulation of the interferer will be larger,
the higher the SCPIR since the SAIC agorithm can suppress the externa interferers more efficiently when the
other sub channel giveriseto lessinterference. This effect is much more evident in the single interferer
scenarios, i.e. MTS-1and MTS-3.
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In general, the lower the SCPIR the larger degradation. |.e. the degradation from SCPIR=-4 -> SCPIR=-8 is
larger than the degradation from SCPIR=0 -> SCPIR = -4.

For TU3 without frequency hopping a FER of 1 % is not met for AHS5.90 using a SCPIR of -8 dB.
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Figure 8-25: MTS-1, TUSiFH
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Figure 8-26: MTS-2, TU3iFH
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Figure 8-28: MTS-4, TU3iFH
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Figure 8-29: MTS-1, TU3iFH
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Figure 8-30: MTS-2, TU3iFH
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Figure 8-31: MTS-3, TU3iFH
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Figure 8-32: MTS-4, TU3iFH
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Figure 8-34: MTS-2, TU3iFH
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Figure 8-37: MTS-1, TU3nFH
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Figure 8-38: MTS-2, TU3nFH
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Figure 8-39: MTS-3, TU3nFH
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Figure 8-40: MTS-4, TU3nFH

Adaptive Constellation Rotation

40

Altering alpha or switching the rotation of the & -QPSK MUROS constellation between 11/2 and n/4 could deteriorate
SAIC mobiles' ahility to cancel interference caused by MUROS signals. To investigate this, simulations were conducted
for both GMSK and o-QPSK modulated carriers exposed to & -QPSK modulated interference with varying alphaand a

rotation of 51/2 or 1/4 as can be seen in the figure below.
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Carr: MUROS Carr: GMSK
& &

Intf: MUROS Intf: MUROS

Figure 8-41: Identified interference scenarios

For the a-QPSK modulated carriers the al pha values were chosen according to Table 8-10. The same a-value was used
by the carrier and interfering signal. The apha val ues and constellation rotations used were chosen from Figure 8-9.
Alphaequal to 0.77 and 1.19 represents the extreme values where the rotation switches from n/2 to n/4. As apha
approaches these values the ¢ -QPSK modulation approaches a GMSK constel lation.

Figure 8-42 presents the results from the simulation when the carrier was a-QPSK modulated and the interferer either
GMSK or a-QPSK modulated. The a-QPSK interferers were rotated n/2 or 1/4 while the carrier used a rotation of 51/2.
The performance degradation due to the change in rotation reaches its maximal value 0.2 dB when o equals 0.77.

Table 8-10: Alpha versus relative sub channel power

a SCPIR [dB]
0.77 -3.8
0.89 -1.8
1.19 3.8

—a=0.77, intf mod: GMSK \
---0=0.77, intf mod: «-QPSK, rot: n/2
——0=0.77, intf mod: «-QPSK, rot: n/4
1 —a~0.89, intf mod: GMSK

---0~0.89, intf mod: o-QPSK, rot: =/2
——=0.89, intf mod: a-QPSK, rot: n/4
—a~=1.19, intf mod: GMSK

-==a=1.19, intf mod: «-QPSK, rot: =/2
——a=1.19, intf mod: «-QPSK, rot: n/4

FER

-20 -15 -10 -5 0
C/I [dB]

Figure 8-42: SAIC performance when an a-QPSK carrier, using AFS/12.2, is exposed to a-QPSK or
GMSK modulated interference

For the scenario when the carrier is GMSK modulated a more thorough investigation was performed. Figure 8-43 shows
the SAIC performance when a GM SK carrier isexposed to MTS-1 or MTS-2 interference. The interferers are a-QPSK
modulated, and the performance is shown for alphain the range 0.77 to 1.19, which corresponds to a SCPIR of -3.8 to
+3.8dB. For each alpha the symbol rotation of the interferersisn/2 or n/4.
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alpha=0.77, rot=FI12
alpha=0.77, rot=FI:4
alpha=0.3, rot=Pl2
alpha=0.8, rot=Pli4
—+— alpha=0.85, rot=FI2
—+— alpha=0.85, rot=FI4
—+— alpha=0.9, rot=P1/2
—+— alpha_int=0.9, rot=Pli4
— — alpha=0.95, rot=FI2
— — alpha=0.95, rot=Pl/4
— — alpha=1, rot=Pl:2
— — alpha=1, rot=PI/4
—+— alpha=1.05, rot=PIf2
—+— alpha=1.05, rot=FI4
—+— alpha=1.1, rot=Pli2
—+— alpha=1.1, rot=Pli4
—=— alpha=1.15, rot=PIf2
—&— alpha=1.15, rot=FI:4
—— alpha=1.19, rot=P1i2
—— alpha=1.19, rot=Pl/4

o [dB]

C/ [dB)

Figure 8-43: SAIC performance for a GMSK carrier when exposed to MTS-1 (left) and MTS-2 (right)
interference, where the interferers are alpha-QPSK modulated. Each tick on the x-axis equals 0.2dB

By comparing the performance at the different rotations, it is possible to estimate the performance degradation in dB of
the SAIC receiver at 1% FER. Figure 8-44 summarizes this degradation over the studied apharange. The fine
resolution on the y-axisis justified since 150 000 frames per point were simulated. The degradation worsens as a pha
approaches the theoretical rotation adaptation thresholds of 0.77 and 1.19. For MTS-1 the maximal degradation equals
0.37dB while 0.09 dB for MTS-2.

It can be seen that when the M'S experiences a multiple interferer scenario, the degradation due to the modulation
rotation is decreased significantly compared to the single interferer case. It should be noted that the MTS-2 multi-
interferer case is seen asthe relevant system scenario for MUROS.

Figure 8-44 shows, for both scenarios, that symbol rotation /4 is preferred when alphais close to 1. The reason is that
when the interferer modulation constellation is QPSK-like the SAIC receiver has limited, or no, capability to suppress
the interference, as can aso be seenin [8-12] and [8-13], since the two sub channels are always 90 degree phase shifted.
On the other hand, /4 rotation is used in the transmitter and n/2 de-rotation is used in the receiver, resulting in a net
rotation of -n/4 for the interference. This type of interference causes less performance degradation in the receiver than a
BPSK signal rotated 1/2. This resembles the case in EGPRS where it is observed that 8PSK interference is less harmful
than GMSK interference for anon-SAIC receiver.

0.4

0.35

03

025

0z

CA degradation @ 1% FER [dB]
=
i

0.75 08 0.85 0s 0.95

Figure 8-44: C/l degradation at 1% FER
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8.2.1.3.3 MURGQOS receiver
8.2.1.3.3.1 Constellation Rotation Detection

When an additional rotation is introduced for the a-QPSK modulation, the MS needs to detect it blindly, as mentioned
in section 8.1.4. While MUROS receiver performance in sensitivity limited scenario is presented in section 8.2.1.2.2.2,
Figure 8-45 depicts the performance degradation of the same receiver when the a-QPSK carrier is exposed to GMSK
modulated MTS-2 interference.

The performance is shown for codecs TCH/HS, TCH/AHS5.9 and TCH/AFS12.2 when the apha-QPSK modulation
constellation is determined by alpha 0.634, 1 and 1.264. The degradation at 1% FER isat most 0.15 dB at SCPIR=+6
dB compared to performance when no modulation needs to be detected. At SCPIR=0 dB and SCPIR=-6 dB no
degradation is seen.

As the degradation due rotation detection never exceeds 0.15dB for any of the studied alphavaluesit will be
compensated by the PAR enhancement presented in Figure 8-7.

Table 8-11: Alpha versus relative sub-channel power

a SCPIR [dB]
0.634 -6

1.0 0
1.264 6

TCHIAFS12.2

TCHAAHSE .S
T
. !
-1
I '}
.................. &
% [T
LT i Sttt ittt ol it ' ittt ettt ol N PN IR AU U AN SR, WO SRR, SO SO
---------------------------------------------------------- 2 alpha=0.634, Rot est
— alphs=0.634, Rot est 10 alpha=0.634, Rot known [ 774
—— alpha=0.634, Rot known : : : alpha=1, Rot est
i — alpha=1, Rot est -k . alpha=1, Rot known
— alpha=1, Rot known —+— alpha=1.264, Rot est
—— alpha=1264, Rotest  [----- —+— alpha=1.284, Rot knawn : : :
—+— alpha=1.254, Rot known [ 77777 ] ' : s e B E—
: ; : r ¢l [dB]
G/l [dB]
TCHHS

alpha=0.634, Rot est : : :

alpha=0.634, Rot known F-1--%5------ - ey R

alpha=1, Rot est : :

y alpha=1, Rot known

1071 —+— alpha=1.264, Rat est

—+— zlpha=1.264, Rot known
T T

CA [dB)

Figure 8-45: MUROS receiver with/without rotation detection when speech codec TCH/HS,
TCH/AHS5.9 and TCH/HS12.2 is used. Each tick on the x-axes corresponds to 2dB

It should be noted that the MUROS receiver estimates the rotation on a burst-by-burst basis. If the blind rotation
detection metric were to be accumulated over several bursts, the performance is expected to be improved.
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8.2.1.34 SIC receiver
8.2.1.34.1 Investigations by Telefon AB LM Ericsson
8.2.1.34.1.1 Simulation assumptions

ETSI TR 145 914 V15.0.0 (2018-07)

The reference receiver isalegacy GMSK MRC receiver. The wanted sub-channel is denoted C;, and the strongest co-

channel interferer |;.

The simulation assumptions are shown in Table 8-11a below.

Table 8-11a Simulation assumptions.

Parameter Value

Channel profile Typical Urban (TU)
Terminal speed 3 km/h
Frequency band 900 MHz
Frequency hopping Ideal (TU)
Interference modulation GMSK
Antenna diversity Yes
Receiver type SIC, spatio-temporal IRC.
Interference/Noise MTS-1/2/3/4
Rx filter RRC!

- Bandwidth 240 kHz

- RRC rolloff 0.3
I mpairments: Typical Tx and Rx impairments

Note 1: The 3 dB bandwidth of the RRC filter.

8.2.1.3.4.1.2 Performance Plots for MTS Test Scenarios

The performance has been normalized so that the reference receiver reaches 1% FER @ 0 dB.

From the simulations shown below it can be concluded:

- The performance in the MTS-2 (synchronous, multiple interferers) and MTS-4 (asynchronous, multiple

interferers) test casesis very similar, for both reference and SIC receivers.

- In most test cases the performance of the weakest sub-channel isinferior to the performance of the reference
MRC receiver at 1% FER. Since alegacy IRC receiver exhibits much better performance than an MRC receiver
in interference scenarios, the degradation with respect to alegacy IRC receiver can be very large, roughly from 6
to 20 dB, depending on the IRC algorithms and the test case.
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Figure 47 - TCH/AHS5.90, TU3iFH. MTS-1 (top left), MTS-2 (top right), MTS-3 (bottom left), MTS-4
(bottom right)
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Figure 48 - TCH/AFS12.20, TU3iFH. MTS-1 (top left), MTS-2 (top right), MTS-3 (bottom left), MTS-4
(bottom right).
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8.2.1.3.4.2 Investigations by ST-NXP Wireless France
Text in this section is based on contributions [8-20] and [8-21].
8.2.1.34.21 Introduction

Successive interference cancellation (SIC) receivers have been proposed for the OSC/MUROS uplink, which can be
understood as a 2x2 MIMO scheme with 2 users transmitting on separate antennas [8-15]. To take benefit from dual
receive antennas availablein atypical BTS, SIC can be combined with diversity interference cancellation techniques for
MUROS uplink receiver implementations [8-20]. This receiver is considered as a good trade off between complexity and
performance, especialy when combined with diversity interference cancellation techniques, which can also be denoted
as interference rejection combining (IRC) [8-22].

Contrastingly, the MUROS downlink signal is typically sent from a single BTS antenna to both users and received by a
single receive antenna in each MS. This situation is expected to persist in the future, at least for the vast mgjority of
phones used by hillions of worldwide GSM subscribers. As a result, the downlink is supposed to remain the limiting
factor in network planning also with MURQOS, even though the signals for both users are transmitted orthogonally to
facilitate their separation.

For the MUROS downlink, single antenna interference cancellation (SAIC) as defined by DARP phase 1 capability is
already performing quite well to demodulate the MURQOS sub channel based on a legacy training sequence [8-28]. For
MUROS specification, the VAMOS work item [8-18] approved at GERAN #40 foresees the definition of two different
levels of VAMOS support in new MS. While afirst class requires only support of new training sequences in addition to
DARP phase 1 capability using SAIC, a second class shall provide more advanced receiver performance specifically for
the MUROS/VAMOS downlink signal.

In this section,

- thelink performance of a SIC receiver for the uplink is evaluated. Simulations for the AFS 5.9 and AHS 5.9
have been performed for MUROS test scenarios M TS 1 and MTS-2. Simulation assumptions and results have
been updated compared to an earlier version presented at MUROS telco #9.

- thelink performance of a SIC receiver for the downlink is evaluated, in that the ST-NXP solution of SAIC called
mono interference cancellation (MIC) technology is combined with SIC techniques to achieve advanced
VAMOS downlink receiver performance (S-MIC). This combination is advantageous especially for downlink
power control by adaptive signal constellation, which is foreseen for VAMOS specification. Additionally SMIC
shows significant performance improvementsin the case of sensitivity. Both classes of VAMOS capable
terminals (MIC and S-MIC) have been ssimulated for MTS-1, MTS-2 and sensitivity scenarios based on AFS
12.2, AFS 5.9, AHS 7.95 and AHS 5.9 channels.

8.2.1.34.2.2 Simulation Assumptions for Uplink

For BTS receive diversity, methods like enhanced diversity interference cancellation can be applied, which have been
developed for GMSK modulation, first shown in [8-23]. These methods have been reused for MSRD receivers [8-24].
For MUROS uplink receivers, better radio and baseband conditions at the BTS and specific characteristics of MUROS
system definition allow combination with further methods. Good decorrelation of BTS antennas, aligned timing
synchronization between the subchannel s by timing advance and knowledge of the training sequence of both subchannels
can be assumed. This allows exceptionally good performance already in combination with successive interference
cancellation, which is still less complex than joint detection. The total complexity of the SIC algorithm considered here
(fixed point MIPS) is only about 3 times higher for both users than a conventional diversity IC receiver for asingle user.

Simulations have been performed to evaluate the performance of a SIC receiver in combination with IRC. For reference
purpose a conventional GMSK MRC receiver isincluded in the analysis. The simulation assumptions are very similar to
[8-22] and summarized in Table 8-11b.
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Table 8-11b: Simulation assumptions for Uplink.

Parameter Value

Channel profile Typical Urban (TU)

Terminal speed 50 km/h (TU)

Frequency band 900 MHz

Frequency hopping Ideal (TU)

TSC allocation User subchannel C1: legacy TSCO (wanted signal)
User subchannel C2: new TSCO from [1]

Interference MTS-1 and MTS-2 model

Interference modulation GMSK

MURQOS SCPIR 0, -5.-10, -15dB

7] Power of wanted user C1/ dominant external interferer
power |1

Timing alignment

Random error model TR 45.914 [10], Section 5.2.5

Frequency offset Cl: OHz C2: +100 Hz (Fig.1-12)
Cl: OHz C22 O0Hz(Fig. 9-12)
Cl: -50Hz, C2: +50Hz (Fig. 9-12)
C1: -150 Hz, C2: +150 Hz (Fig. 9-12)

Used Codecs TCH/AFS5.9 and AHS 5.9

Antenna diversity Y es, uncorrelated antennas

Receiver type SIC, spatio-temporal IRC

Recelver implementation fixed-point

Frequency offset Timeslot-based, no outer compensation loop,

compensation range -150 Hz .... 150 Hz (extendable)

Simulation time 200 sec (40 000 timeslots) per point

Rx filter RRC

— Bandwidth 240 kHz (3 dB bandwidth)

— RRC rolloff 0.3

Rx-Impairments:

— Phase noise 1.0 [degrees (RMS)]

—1/Q gain imbalance 0.2 [dB]

—1/Q phase imbalance 1.5 [degreeq]

—Noisefigure 8 [dB]

8.2.1.34.2.3 Simulation Results for Uplink

It is preferred to plot absolute FER performance results. These plots, which are all positioned on the left hand side in the
following pairs of plotsin this subsection below, allow comparison with other UL simulations, which have already started
to show absolute performance [8-25].

The performance plots on the right hand side are based on the same simulations, but have been normalized so that the
MRC performance becomes 1% FER @ 0 dB, similar to [8-22], [8-26]. The conventional MRC receiver can be expected
to provide a better reference basis for comparing simulations results between companies than the IRC receiver, because
IRC results are supposed to dependent more strongly on the specific implementation. Therefore comparison with [8-26]
would be quite difficult in any case and IRC results are not provided here.

In Figures 53 (aand b) to 54 (aand b) below additional results for varying frequency offset between the subchannels are
shown. These can be compared with results in [8-27], but don't show any strong dependency on the frequency offset
between the MUROS subchannels reported in that earlier contribution.

In general the uplink performance at 1% FER for interference turns out to be consistently better than MRC, with only few
exceptions if the difference between C1 and C2 is 10 dB or more.
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8.2.1.34.24 Simulation Assumptions for Downlink
Simulations have been performed to evaluate the performance of

- MIC/ SAIC (red curves),

- SMIC (blue curves),

- conventional GMSK equalizer without MURQOS (black curves for reference).
The simulation assumptions are summarized in Table 8-11c.

Table 8-11c: Simulation assumptions for Downlink.

Parameter Value

Channel profile Typical Urban (TU)

Terminal speed 3 km/h (TU)

Frequency band 900 MHz

Frequency hopping Ideal (TU)

TSC alocation User subchannel C1: legacy TSCO (wanted signal)
User subchannel C2: new TSCO from [8-15]

Interference MTS-1 and MTS-2 model

Interference modulation GMSK

MUROS SCPIR 0,-4,-8dB

Ci Power of wanted user C1/ dominant external interferer
power |1 or
Power of total signal C/ dominant external interferer
power |1

Frequency offset Not relevant for MIC in DL

Used Codecs TCH/AFS 12.2, AFS5.9, AHS 7.95 and AHS 5.9

Antenna diversity No

Receiver type - MIC/SAIC
- S-MIC (successive MIC)

Receiver implementation Fixed-point

Frequency offset Timedlot-based, no outer compensation loop

compensation

Simulation time 200 sec (40 000 timeslots) per point

Rx filter Bandwidth 240 kHz (3 dB bandwidth)

Rx-lmpairments:

— Phase noise 2.0 [degrees(RMS)]

—1/Q gain imbalance 0.2 [dB]

—1/Q phase imbalance 1.5 [degreeq]

— Noise figure 8 [dB]

8.2.1.34.25 Simulation Results for Downlink

FER performance results are shown versus two different carrier-to-interference ratio definitions. Either the wanted sub
channel power C1 or the total carrier power C = C1 + C2 of the MUROS downlink signal is considered as the carrier
power. In both cases, the interference is defined as the dominating interferer power 11 (in case of MTS-1 thisisthe total
external interference power | = 11, while the other external interferer contributions of the MTS-2 model increase |
accordingto ! /11=0.6dB [8-29]).

- Theplots FER versus C1/11, which are al positioned on the left hand side in the following pairs of plots, in fact
disregard the internal interference power by the second sub channel C2 [8-30].

- The performance plots on the right hand side are based on the same simulations, but are depicted FER versus
C/11, and show the fraction C2 of carrier power C, which does not contribute to the wanted signal for user 1, as
an additional degradation [8-28].

Also sensitivity results are shown versus two different signal-to-noise ratio definitions. Either the wanted symbol energy
Eb of sub channel C1 or the total symbol energy Es of the total carrier power C = C1 + C2 isconsidered [8-31].
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For reference purpose, the performance of a conventional equalizer for legacy GMSK case C = C1 is shown in both plots.
Furthermore, the reference performance requirements from TS 45.005 for non-DARP capable M S are marked (in case of
MTS-2 the reference interference level isincreased by 0.6 dB on the C1/11, resp. C/11 scale).

Comparison between resultsfor MTS-1 and MTS-2 interference scenarios does not show really strong dependency of the

receiver performance on the interference type. Also the impact of interferer modulation type is expected to be rather
limited based on previous analyses for MIC [8-28].
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8.2.1.3.4.2.6 Conclusions

The simulation results for uplink presented have been al achieved in fixed point implementation with reasonable
complexity, which could also be scaled up or down especially regarding the SIC component. Taking MRC without
MUROS as a reference, it becomes evident that the MUROS link performance that can be achieved by efficient
combination of advanced receiver techniques is in the same order of magnitude or even better. Since MRC uplink
performance is often considered as basis for network planning, this observation supportsfeasibility of MUROS to provide
sufficient uplink performance in these networks even for half rate channels.

The simulation results turn out to be extremely robust with respect to frequency offset, which may be quite high under
practical network operation conditions with all variety of MS types. The conclusions presented here for uplink
complement similar conclusions from downlink results about the tremendous benefit from MUROS for upgrading existing
networks, which has already been shown before [8-28].

The simulation results for downlink show that for afirst level of VAMOS capability the MIC / SAIC receiver performs
quite well. When compared based on wanted signal power C1, some degradation occurs for the weaker sub channel. With
an advanced successive MIC receiver (S-MIC), this degradation of the weaker sub channel can mostly be avoided, and
also the baseline performance for equally strong sub channels can be improved. The performance improvement is
observed consistently for the interference scenariosMTS-1, MTS-2 and also for sensitivity. In summary, S-MIC provides
well advanced receiver performance for a second level of VAMOS capability. The results presented herein have been all
achieved in fixed point implementation with reasonable complexity. The S-MIC complexity is about 2.5 times higher
than for MIC and could also be scaled up or down especially regarding the SIC component. The complexity is supposed
affordablein atypical modern MS by SW implementation. Therefore the second level of VAMOS capable M S as defined
inthe WID is deemed feasible.

Taking into account the total carrier power C = C1 + C2 of the MUROS signal, the downlink power is shared by 2 users
and especially the performance of the weaker sub channel C1 degradesin a natural way when reducing C1/C2. However,
especially with the advanced successive MIC (S-MIC) receiver, the degradation is basically limited to this natural
degradation by reduction of downlink transmit power. For equal power of C1 and C2, only 3 dB are unavoidably lost by
power splitting and the interference performance for MUROS signalsis not far from the original reference interference
performance of the GSM system before introduction of SAIC. This comparison shows the tremendous benefit from
MUROS for upgrading existing networks, as already been shown before [8-28]. Further improvements have been
achieved by SIC methods in the downlink and fit very well with downlink power control by adaptive signal constellation
[8-21].

8.2.1.3.5 SAM Receiver for VAMOS

A SAM receiver prototype based upon the signal model (4) described in section 8.1.6 has been developed. Theintention
of the present contribution isto provide a proof of concept for SAM. The receiver has not been optimized or tuned. It is
only a preliminary version. On the other hand, the reference is an optimized, commercially available, DARP Phase |
receiver.

8.2.1.35.1 Simulation assumptions

The wanted sub-channel is denoted C1, while the paired sub-channel is denoted C2. The carrier to interference ratio C/I,
where C=C1+C2, is used in the plots. In multiple interference scenarios the dominant interferer is denoted 11 and the
carrier to dominant interferer C/I1 is plotted. 10000 frames are used for each point in the graphs.

The simulation assumptions are shown in Table 8-11d below.
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Table 8-11d Simulation assumptions

—1/Q phase imbalance
—DC offset

— Frequency error

— PA model

Parameter Value

Speech codec TCH/AFS5.90,
TCH/AHS5.90

Channel profile Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping Ideal, No

Interference MTS-1,

MTS-2

Antenna diversity No

Frequency offset external | Normal distribution [HZz]

interferers N(50,17)

Receiver type Legacy SAIC (Reference)
The SAIC agorithm used for the receiver
utilizes a spatial-tempora Vector
Autoregressive (VAR) Model.
SAM
3 MLSE taps,

VAR model,
a isestimated in the receiver.

I mpairments: Tx/ Rx

— Phase noise 0.8/1.0 [degrees(RMS)]

—1/Q gain imbalance 0.1/0.2 [dB]

0.2/1.5 [degreeq
-45/ -40 [dBc]

- 125 [HZ]
Yes -

8.2.1.35.2 Performance plots
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Figure 8-60f - Performance of SAM in MTS-2, AHS5.90 for varying SCPIR
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Figure 8-60g - Performance of SAM in MTS-1, AFS5.90 with QPSK modulated interference
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Figure 8-60h - Performance of SAM in MTS-2, AFS5.90 with QPSK modulated interference
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Figure 8-60i - Performance of SAM and SAIC in MTS-1, AHS5.90 with QPSK modulated interference
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Figure 8-60j - Performance of SAM and SAIC in MTS-2, AHS5.90 with QPSK modulated interference

It can be seen that SAM yields substantial performance gains against a DARP Phase | receiver, in both MTS-1 and
MTS-2 interference scenarios, and for SCPIR in the range from 0 down to -20 dB. For example, the performance of
SAM with SCPIR = -16 dB is comparable to the performance of legacy SAIC with SCPIR = -8 dB. Thus SAM can
cope with much larger power imbalance ratios than legacy SAIC receivers. Thisis an advantage, especialy if legacy
non-SAIC mobiles are assigned to the paired sub-channel. It has also been shown that SAM isrobust and offers
protection against QPSK interference. The degradation compared to GM SK interference has been shown to be less than
0.5 dB for multi-interferer scenarios (MTS-2) while larger degradations are seen when experiencing a single interferer
(MTS-D).

The large gains for the weakest subchannel obtained for SCPIR of the order of -8 dB or lower are noteworthy.
Advanced VAMOS receivers, and in particular SAM, may be the key to obtain significant capacity increases when non-
SAIC legacy mobiles are allowed in one of the VAMOS sub-channels. System simulations with SAM mobiles are for
further study.

8.2.14 Results from: MUROS - Performance of Alpha-QPSK with Legacy DARP MS
Text in this section originates by Nokia Corporation in [8-14].

Thetext in this section has been contributed by Nokiain [8-14]. This section presents the sensitivity and interference
performance of legacy DARP MS receiving an apha-QPSK [8-16] MUROS sub channel. For interference performance
verification the four MUROS Test Scenarios (MTS1-4) described in chapter 5inthis TR are used.

8.2.1.4.1 Simulation Assumptions
8.21411 Legacy Terminals

The legacy DARP receiver applied in this section isa DARP phase | capable terminal. Such DARP terminals are widely
present in the market.

8.2.1.41.2 Transmitted MUROS Signal

In this section, the desired DL MUROS signal is generated by alpha-QPSK symbol mapping with /2 rotation and
linearized GMSK TX pulse shape asillustrated in Figure 8-61. The receiver isalegacy DARP receiver, i.e. the received
signal isbeing treated as a GM SK modulated signal.
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Figure 8-61: Block diagram of MUROS a-QPSK TX by mapping two users on BB and transmitted as a
QPSK modulated signal

Asdescribed abovein this TR, legacy training sequence codes (TSC) are applied to the first MUROS sub channel to
make it fully compatible with legacy M S. For the MUROS second sub channel, the orthogonal TSCs proposed in [8-15]
are assumed. The pair TSC 0 is chosen from the combined TSC set for the simulations. DTX is not applied.

8.2.1.4.1.3 Alpha-QPSK

The a-value can take any value between 0 and \/E and reflects the power ratio between the two users, where the outer
values corresponds to BPSK for either user 1 or user 2 (i. e. only one user transmitted), and o = 1 correspond to equal
power between the two. The constellation points for different o-values are shown in Figure 8-62. The red circle (O)
correspond to o = 1.0 (which equals OSC presented in [8-15]), and the blue cross (X) correspondsto o = 0.2. Only
performance of user 1 is evaluated and from user 1 point-of-view o > 1.0 will only improve performance over OSC,
therefore only o < 1.0 is simulated to see the performance loss of different o-values.

User g

0ar -

06F -

User 1

-0.2 - -

-4t 4

06k i

-0.6 - B

Figure 8-62: Constellation points for various values of , (O) a = 1.0 (QPSK), (X) & =0.2

8.2.1.4.1.4 MUROS Interference Models

Sensitivity and the four MUROS Test Scenarios (MTS1-4) specified in this TR have been used for verifying the
interference performance of alegacy DARP MS receiving a MURQOS sub channel.

For MTS modulation QPSK modulated interference were used.
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8.2.1.4.15 Other Simulation Parameters

The performance is presented for TCH/AFS 12.2, TCH/AFS 5.9 and AHS 5.9. A typical urban channel profile, terminal
speed 3 km/h (TU3) and frequency hopping (FH) in the 900 MHz band have been used for the DL MUROS simulations.
Typical MS impairments are included in the simulations.

8.2.1.4.2 Downlink Performance Results

The results in this section cover frame erasure rate (FER) as a function of C/I11 where C denotes the total power of the
received MURQOS signal (i.e. carrying 2 sub channels) and |11 denotes the power of the strongest co-channel interferer.

The presented performance is for the first MUROS sub channel containing the legacy TSCO. The performance of the
second MUROS sub channel is hot considered in this section, since changes are required to the M S receiver in order to
cope with the MUROS TSC-pairs. The TSCO-pair proposed in [8-15] is used for the second MUROS sub channel.
However, when the two alpha-QPSK MURQOS sub channels have equal power (correspond to o = 1.0) the performance
of the second channel can be assumed to be on par with the first sub channel as noted in [8-17].

First the sensitivity performance is presented in subsection 8.2.1.4.2.1, and then the interference performance for the two
synchronous scenarios M TS1+2 are presented in subsection 8.2.1.4.2.2 and 8.2.1.4.2.3 respectively. The performance for
the two asynchronous scenarios M TS3+4 are presented in subsection 8.2.1.4.2.4 and 8.2.1.4.2.5 respectively.

8.21.421 Sensitivity Performance

The sensitivity performances of alegacy DARP M Sreceiving an a pha-QPSK MUROS sub channel ispresented in Figure
8-63 for aMUROS sub channel using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9. The performanceis
presented for ¢ =[0.2,0.3, ..., 1.0]
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Figure 8-63: DL sensitivity performance of a legacy DARP MS receiving a alpha-QPSK MUROS sub
channel for «#=1[0.2,0.3, ..., 1.0] using AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9
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8.2.1.4.2.2 MTS-1 Performance

The performance of alegacy DARP MS receiving a alpha-QPSK MUROS sub channel when a single synchronous co-
channel interferer is present is shown in Figure 8-64 for AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9.
The performanceis presented for ¢ =[0.2,0.3, ..., 1.0].
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Figure 8-64: DL Co-channel interference performance (MTS1) of alegacy DARP MS receiving an
alpha-QPSK MUROS sub channel for &¢=1[0.2, 0.3, ..., 1.0] using AMR half rate 5.9, AMR full rate 12.2
and AMR full rate 5.9

8.2.1.4.2.3 MTS-2 Performance

The performance of a legacy DARP MS receiving an alpha-QPSK MUROS sub channel when mixed synchronous
interference is present is shown in Figure 8-65 for AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9. The
performance is presented for & =[0.2,0.3, ..., 1.0].
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Figure 8-65: DL Mixed interference performance (MTS2) of a legacy DARP MS receiving an alpha-
QPSK MUROS sub channel for & =[0.2, 0.3, ..., 1.0] using AMR half rate 5.9, AMR full rate 12.2 and
AMR full rate 5.9

8.21.4.2.4 MTS-3 Performance

The performance of alegacy DARP MS receiving an alpha-QPSK MUROS sub channel when a single asynchronous co-
channel interferenceis present is shown in Figure 8-66 for AMR half rate 5.9, AMR full rate 12.2 and AMR full rate 5.9.
The performance is presented for & =[0.2,0.3, ... , 1.0].
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Figure 8-66: DL Asynchronous Co-channel interference performance (MTS3) of a legacy DARP MS
receiving an alpha-QPSK MUROS sub channel for &¢=[0.2, 0.3, ..., 1.0] using AMR half rate 5.9, AMR
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8.2.1.4.25 MTS-4 Performance

The performance of alegacy DARP MS receiving an alpha-QPSK MUROS sub channel when mixed synchronous and
asynchronous interference are present is shown in Figure 8-67 for AMR half rate 5.9, AMR full rate 12.2 and AMR full

rate 5.9. The performance is presented for & =[0.2, 0.3, ..., 1.0].
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Figure 8-67: DL synchronous and asynchronous mixed interference performance (MTS4) of a legacy
DARP MS receiving an alpha-QPSK MUROS sub channel for &¢=[0.2, 0.3, ..., 1.0] using AMR half
rate 5.9, AMR full rate 12.2 and AMR full rate 5.9

8.2.1.4.3 Summary of Results

This section has presented the sensitivity and interference performance of alegacy DARP MS receiving an apha-QPSK
MUROS sub channel. For the interference performances the M TS1-4 interference scenarios were used with the interferer
modulation type being QPSK.

8.2.2 Network Level Performance

8.22.1 Adaptive constellation rotation

System simulations have been performed to estimate the possible network gains by the introduction of adaptive symbol
constellation rotation.

The investigated scenario isfor 100 % MUROS M S penetration.

It should be noted that the adaptive constellation rotation will also give coverage gainsin sensitivity limited scenarios,
but this has not been evaluated in this investigation.

The investigated scenario is MUROS-2 where a backoff of 3.3 dB and 2.6 dB has been investigated.

Theimpact on different QPSK backoff isinvestigated and Figure 8-68 shows the spectral efficiency at the non-MUROS
reference case, at 3.3 dB QPSK power backoff and at 2.6 dB QPSK power backoff.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 195 ETSI TR 145 914 V15.0.0 (2018-07)

Speclral efficiency with different QPSK power backoff for MUROS-2

40

B0 .| Il Non-MUROS reference i
[13.3 dB QPSK power backoff

25 Il 2 5 d5 QPSK power backoff i

20

Spectral efficiency [Erl./MHz/Site]

MUROS test cases
1: GSM HR
2:AFS 122

Figure 8-68: Spectral efficiency MUROS-2

The gains for test case A and B are presented in Table 8-12. No values are presented for test case C (AFS 5.9) since this
caseis block limited and will not give any gain. Case D is till left TBD.

Table 8-12: Capacity gain using different QPSK

Gain at QPSK power Gain at QPSK power
backoff: 3.3 dB backoff: 2.6 dB
A 82% (*) 95% (*)
B 5% 80%
C Block limited -

* Gain presented at 96% satisfied users

It can be seen that there are gains of approximately 5 - 13 %-unitsin spectral efficiency by using 2.6 dB backoff
compared to the case of using a 3.3 dB backoff.

NOTE 1: The degradation due to the blind modulation detection evaluated in section 8.2.1.3.3.1 has been shown to
be0dB at a=1.

NOTE 2: No sub channel power control has been used in the system simulations.

8.2.2.2 Support of legacy non-DARP Phase | receivers using a-QPSK

With the right SCPIR between two sub-channelsit is possible to support legacy non-SAIC terminals on VAMOS
timeslots. See [8-36] for additional information.

Table 8-13a show the spectral and hardware efficiency results for MUROS-2 with 50% V AMOS penetration level
(giving 35% legacy non-SAIC and 15% legacy SAIC penetration levels) and speech codec AHS 5.9. DO is the non-
VAMOS reference scenario while the D1 scenario utilizes OSC with legacy non-SAIC capable terminal s not allowed
on VAMOS TS. Note that with thisrestriction, a-QPSK cannot provide better spectral efficiency than OSC since the
network is block limited due to lack of resources.
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Table 8-13a: MUROS-2 system performance results (50% VAMOS)

Description Spectral HW efficiency Call quality
efficiency limitation

[Erl./MHz/site] [Erl./TRX]

DO AHS 5.9 19.8 11.9 Block limited
D1, basic OSC VAMOS I (SAIC) AHS 5.9 29.6 17.8 Block limited
D1 with non-SAIC on VAMOS I (SAIC) AHS 5.9 33.7 20.2 Quality limited

VAMOS TS and a-QPSK

D1 with non-SAIC on VAMOS 1II (SAM) AHS 5.9 34.8 209 Quality limited
VAMOS TS and a-QPSK

Note: "non-SAIC" in the table text refer to legacy non-SAIC capable terminals

Table 8-13b shows the gains for MUROS-2 with 50% V AM OS penetration level (giving 35% legacy non-SAIC
penetration level) and speech codec AHS 5.9. The results are compared with the non-V AMOS reference.

Table 8-13b: Network level gain, MUROS-2, 50% VAMOS penetration
Simulation setup (cET]
Basic OSC with non-SAIC terminals on VAMOS 49%
timeslots not allowed
(Block limited)
a-QPSK with non-SAIC on VAMOS TS timeslots 70%
allowed (VAMOS 1)
(Quality limited)
a-QPSK with non-SAIC on VAMOS TS timeslots 76%
allowed (VAMOS 1II)
(Quality)

* The quality requirement of all non-SAIC MSs allocated on VAMOS timeslots is not fulfilled

It has also been shown that a-QPSK can be used to support legacy non-SAIC terminalsto be VAMOS allocated. When
thisis allowed in the system simulation, the gain increases from 49% to 70% using VAMOS | and from 49% to 76%
using VAMOS || terminals.

The following should be noted regarding the results:
- Thesystemisonly evaluated on DL. The results are only valid for ideal UL.
- The VAMOS terminals that have been used in the simulations are either SAIC or SAM capable.
- The SAM receiver prototype used in these simulations has not been optimized or tuned (see section 4 in [5]).

- Only MUROS-2 for speech codec AHS 5.9 has been evaluated. Other speech codecs and MUROS-3 isleft for
FFS.

8.2.2.2a Downlink power control using a-QPSK

A summary of system performance results for basic OSC and a-QPSK (using VAMOS type | and type |l receivers) are
presented in Table 8-13c, 8-13d and 8-13e. 100% VAMOS penetration have been compared with 100% SAIC
penetration. For details in simulation assumptions, system modelling and absolute capacityfigurse, see [8-35]
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Table 8-13c: Summary of Basic OSC system performance results

Type Gain MUROS-2 ‘ Gain MUROS-3A Gain MUROS-3B
A 112% 0% 0%
B 86% 0% 0%
C 110% 44% 23%
D 89% 0% 0%
C+D 89% 0% 0%

Table 8-13d: Summary of a-QPSK system performance results for VAMOS |

VAMOSI (SAIC receiver capability)

Type Gain MUROS- Gain MUROS- | Gain MUROS- Gain
2 (50/15/35) 2 (100/0/0) 3A (100/0/0) MUROS-3B
(100/0/0)
A - 112% 0% 0%
B - 94% 0% 0%
C - 110% 46% 26%
D 70% 97% 0% 0%

Table 8-13e: Summary of a-QPSK system performance results for VAMOS Il

VAMOSII (SAM receiver capability)

Type Gain MUROS- Gain MUROS-  Gain MUROS- Gain
2 (50/15/35) 2 (100/0/0) 3A (100/0/0) MUROS-3B
(100/0/0)
A - 112% 0% 0%
B - 103% 0% 0%
C - 110% 60% 36%
D 76% 108% 0% 0%

It is shown that the a-QPSK candidate technique give large capacity gainsin networks using sparse frequency reuse,
like MUROS-2. The gains for the AHS 5.90 codec for MUROS-2 are about 8 percentage points using VAMOS |
terminals and 19 percentage points using VAMOS || terminals at 100% V AMOS penetration, compared to the basic
OSC reference case.

8.2.2.21 SCPIR distributions in different system simulations

Figure 8-69 shows the SCPIR distributions that are used in the system when the system reaches the quality limit. The
left diagram shows the SCPIR distributions for a simulation with non-SAIC, SAIC and VAMOS type | receivers and
the right diagram for a simulation with non-SAIC, SAIC and VAMOS type |1 receivers. It can be seen that the VAMOS
type Il (SAM) receiver can utilize the discrete alpha val ues more efficiently, thus providing better support for legacy
non-SAIC terminals. The discrete alpha values used in the simulations are described in [8-21].
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Figure 8-69: SCPIR distributions when using VAMOS | (left) and VAMOS Il (right) receivers

8.2.2.3 Evaluation of VAMOS MAIO hopping

This section presents system performance results for the VAMOS specific MAIO hopping schemes. See [8-23] for
additional information.

Table 8-14 shows the gain for simulation scenario MUROS-3A and MUROS-3B with and without MAIO hopping. The
receiver type is based on SAM and positive effects from MAIO hopping can be observed for both OSC and a-QPSK.

Table 8-14: MUROS-3 system performance results

Without MAIO hopping With MAIO hopping

Type Receiver type Gain MUROS- Gain MUROS- Gain MUROS- Gain MUROS-

3A 3B 3A 3B
(codec)

C with OSC VAMOS II (SAM) 549, 46% 73% 56%
(AFS 5.9)

C with a-QPSK VAMOS II (SAM) 690/0 680/0 810/0 790/0
(AFS 5.9)

Table 8-15 shows spectral efficiency and 8-16 shows hardware efficiency. The non-V AMOS reference spectral
efficiency is 26.25 Erl/MHz/Site (blocking limited) for both MUROS-3A and MUROS-3B. All simulations results
presented in Table 8-14 are quality limited.
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Table 8-15: MURQOS-3 Spectral efficiency [Erl/MHz/Site]

Without MAIO hopping With MAIO hopping

Type Receiver type MUROS-3A MUROS-3B MUROS-3A MUROS-3B

(codec)

C with 0SC VAMOS II (SAM) 40.4 38.4 45 .4 41.0
(AFS 5.9)

C with a-QPSK VAMOS 1I (SAM) 44 .4 441 47.6 46.9
(AFS 5.9)

Table 8-16: MURQOS-3 Hardware efficiency [Erl/TRX]

Without MAIO hopping With MAIO hopping
Type Receiver type MUROS-3A MUROS-3B MUROS-3A MUROS-3B
(codec)
C with OSC VAMOS II (SAM) 8 1 77 9 1 82
(AFS 5.9)
C with a-QPSK VAMOS II (SAM) 89 88 9 5 94
(AFS 5.9)

The suggested MAIO hopping technique provide positive gainsin high interference system scenarios for the full rate
codec AFS 5.90.

The system level gain for the candidate technique OSC goes from 54% to 73% in a 1/3 frequency reuse (MUROS-3A)
and from 46% to 56% in a 1/1 frequency reuse (MUROS-3B) compared to the non-VAMOS reference, CO.

For the candidate technique a-QPSK, the system level gain goes from 69% to 81% in a 1/3 frequency reuse and from
68% to 79% in a 1/1 frequency reuse compared with the non-V AMOS reference, CO.

The following should be noted regarding the results:
- The SAM receiver prototype used in these simulations has not been optimized or tuned
- Theimpact of MAIO hopping on other half rate speech codecs, such as AHS 5.90, is left FFS.

- Thesystemisonly evaluated on DL and the results are only valid for ideal UL. The UL might turn out to be the
limiting link with improved DL receiver algorithms and is left FFS.

- System performance results for system scenario MUROS-2 is hot included in this contribution since it has
already been shown to be block limited for AFS 5.90.

8.2.2.3a MAIO Hopping Scheme Methodology
8.2.2.3a.1 MAIO Hopping Sequence Generation

The MAIO hopping sequences used in the simulations are generated by reusing the existing pseudo random hopping
sequence generation according to 3GPP 45.002.

8.2.2.3a.2 Channel Allocation and Adaptation
Channel Allocation

Single user TCH channel will be assigned preferentially also. In case of no available single user TCH channel, the user
will be paired with the one on a single user TCH channel with the best signal quality.
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Channel Adaptation

Adaptation between VAMOS channels and non-VAMOS channel s was basically performed according to the
measurement reports. Status of Rx level and Rx quality were considered as input to decide when to perform link
adaptation. Pairing and un-pairing of M Ss are according to the Rx level and Rx quality. No voice frame lost was
assumed during the handover for simplification.

8.2.2.3a.3 Power Control

The Power Control method uses the Adaptive Symbol Constellation concept. The output power on each sub-channel is
controlled independently by legacy power control agorithm using path loss and quality asinput. The value of SCPIR is
limited within [-4dB, 4dB].

The a-QPSK constellation will adapt to the power requirements of each sub-channel user by the imbalance ratio. Sum
of total power of each sub-channel should not exceed maximum power limits of the physical channel.

8.2.2.3a.4 Mechanism for Applying MAIO Hopping

The MAIO hopping schemeis applied to al VAMOS second sub-channel users, for 20% frames. In the simulation,
MAIO hopping actives on the last frame within each five frames. The VAMOS first sub-channel users are not involved
in MAIO hopping scheme. It should be noted that, this M AIO hopping scheme used for this simulation is neither frame
by frame MAIO hopping, nor applied to all VAMOS users. It isdlightly different from that stated in Figure 8-9, Chapter
8.1.5.

8.2.2.3a.5 Penetration Levels and MS Types

100% VAMOS type | penetration level is applied in the system simulation.

8.2.2.3a.6 Link 2 System Interface

4D L2S Mapping Methodology [8-37] is used in system simulation.

8.2.2.3a.7 System Performance Evaluation

8.2.2.3a.7.1 Simulation assumption

MUROS-2 smulation scenario is used in evaluating the system performance of this MAIO hopping scheme.

Table 8-16a System Simulation Assumptions

Parameter MUROS-2
Frequency band (MHZz) 900
Cell radius 500 m
Bandwidth 11.6 MHz
Guard band 0.2MHz
# channels excluding 57
guard band
#TRX 6
BCCH frequency reuse 4/12
TCH frequency reuse 319
Frequency Hopping Baschand
Length of MA (# FH 5
frequencies)
TU-50

Fast fading type
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BCCH or TCH under Both
interest
Network sync mode sync
Propagation Model UMTS 30.03
Sector Antenna Pattern 65° H-plane
Network size 144 cells
Number of simulated 60000
TDMA frames

8.2.2.3a.7.2 Channel modes

Table 8-16b: Channel Mode Adaptation for comparison

Channel Mode Adaptation Channel modes
TypeAO GSM HR (Reference case)
TypeAl GSM HR <-> MUROS (GSM HR)
Type BO AFS 12.2 (Reference case)
TypeB1 AFS 12.2 <-> MUROS (AFS 12.2)
Type CO AFS 5.9 (Reference case)
TypeC1 AFS 5.9 <-> MUROS (AFS5.9)
Type DO AHS 5.9 (Reference case)
Type D1 AHS5.9 <-> MUROS (AHS5.9)
8.2.2.3a.7.3 Minimum call quality performance

The following criteriafor call quality definition have been used:
Average Call FER < 2% for at least 95% of the users (Full Rate calls)
Average Call FER < 3% for at least 95% of the users (Half Rate calls)
Blocked Calls < 2% (Blocked Calls/ Call Attempts* 100%)

8.2.2.3a.7.4 System performance results

System performance with MAIO hopping is evaluated in MUROS-2. Table 8-16¢ and 8-16d summarize the simulation
results.

Table 8-16c MUROS-2 System Performance without MAIO Hopping

Type Description e?ﬁ (e;fteaily eff:j:i\/eyncy ??rlrlwi?;t?loi;y
[Erl./MHZ/site] [Erl/TRX]
A0 GSM HR 18.51 11.93 Block limited
Al VAMOS GSM HR 37.86 24.40 Quality limited
BO AFS12.2 8.64 5.57 Block limited
Bl VAMOSAFS12.2 14.06 9.06 Quiality limited
Co AFS5.9 8.63 5.56 Block limited
C1 VAMOS AFS5.9 18.37 11.84 Block limited
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DO AHS5.9 18.50 11.92 Block limited
D1 VAMOS AHS5.9 31.53 20.32 Quiality limited

Table 8-16d MUROS-2 System Performance with MAIO Hopping
Type Description e?ﬁ ilc;?;]y effi|-c|i\(/evncy ciiarlr:i?:t?loi;y
[Erl./MHZz/site] [Erl/TRX]

A0 GSM HR 18.51 11.93 Block limited
Al VAMOS GSM HR 3741 24.11 Quiality limited
BO AFS12.2 8.64 5.57 Block limited
Bl VAMOS AFS12.2 14.32 9.23 Quiality limited
Co AFS5.9 8.63 5.56 Block limited
C1 VAMOSAFS5.9 18.31 11.80 Block limited
DO AHS5.9 18.50 11.92 Block limited
D1 VAMOS AHS5.9 31.67 20.41 Quiality limited

Comparison of system performance resultsin this section is presented with Block Limiting in red and Quality Limiting

inblue.
Table 8-16e: Comparison of System Performance Results
Tvpe Gain [%] Gain [%]
yp MUROS-2 Without MAIO hopping | MUROS-2 With MAIO hopping
A 104.53 102.10
B 62.66 65.71
C 112.95 112.23
D 70.47 71.22
8.2.24 Evaluation of wide pulse for VAMOS
8.2.24.1 Background

Thelinearized GMSK pulse shape was first introduced for EGPRS with 8PSK modulation. The pulse introduces inter-

symbol interference while keeping the adjacent channel protection at roughly 18 dB” between GSM carriers.

Introducing awider pulse for VAMOS will reduce the inter-symbol interference and decrease the adjacent channel

protection.

With reduced inter-symbol interference the orthogonality between the paired VAMOS usersis improved, which can

potentially improve the VAMOS operation with AQPSK resulting in increased speech capacity.

However, for users experiencing the wider pulse shape as adjacent interferer the experienced interference level will

potentially increase in which case it would negatively impact performance.

71 usi ng the Linearized GM SK pulse shape as reference pulse.
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8.2.2.4.2 Methodology
Two different M'S penetration scenarios have been investigated, listed in Table 8-16f.

Table 8-16f. MS penetration scenarios investigated

MS penetration MS penetrations Description

scen. (non-SAIC/SAIC/VAMOS)

[ (0/0/100) 100% VAMOS | penetrations
Only one TX pulse applied for AQPSK throughout
the respective simulation
System capacity is evaluated on al users

I (35/15/50) 50 % penetration of non-VAMOS mobiles

Both non-SAIC and SAIC mobiles are allowed to be
alocated on VAMOS channels and also to utilize the
TX pulse used (i.e. al'so wider pulse shapes)

System capacity is evaluated on al users

It should be noted that system evaluation has been performed utilizing only one TX pulse shape (i.e. different TX pulse
shapes have not been used depending on the MS capability), unless otherwise stated.

At most 11 different TX pulse shapes, listed in Table 8-16g have been evaluated.
Table 8-16g. Evaluated TX pulse shapes.
TX pulse Description

LinGMSK Linearized GMSK

Vo1 VAMOS OPT1
VO2 VAMOS OPT2
HanRRC RRC pulse

180-320 kHZz! (20 kHz steps)
rolloff = 0.3
Hanning windowed

5 symbols

1) 3dB bandwith before windowing.

NOTE: In the system level evaluation a power backoff corresponding to the PAR of LinGM SK has been applied to
all pulse shapes. Considering that LinGM SK experiences larger PAR than al pulses, except for Han.
RRC 320 kHz (where the difference is 0.25 dB), this can be seen as a possibility of further improvements
with awider pulse.

822421 Power control

Alpha-QPSK power control has been applied in the system simulations with a maximum SCPIR of 8 dB and a SCPIR
granularity of 2 dB.

8.2.24.2.2 Channel allocation

The channel allocation methodology is described in Section 2.1 of [8-11].
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8.2.24.23 Modelling of link performance

Anintegrated link level simulator has been used in the system level evaluations. More details on the methodology for
that simulator are provided in [8-39].

8.2.2.4.3 Results
8.2.243.1 Simulation assumptions

Network configurations are according to Section 5 with simulation time of 300 sec. and network size of 144 cells for
MUROS-2 and simulation time 500 sec and network size of 75 cellsfor MUROS-3.

Two MS receivers have been modelled in the simulations with RX bandwidth according to Table 8-16h.

Table 8-16h. MS Rx bandwidth.

MS receiver ‘ RX bandwidth
SAIC/VAMOSI 250 kHz
Non-SAIC 160 kHz

Two different channel modes have been evaluated, chosen based on the maximum provided gains by VAMOS and
relevance of the codecs.

Table 8-16i. Channel mode adaptations.

Network Channel modes
configuration

MUROS-3A & 3B AFS 5.9 (Reference case)

MUROS-3A & 3B | AFS5.9<-> VAMOS (AFS5.9)

MUROS-2 AHS 5.9 (Reference case)

MUROS-2 AHS5.9 <> VAMOS (AHS 5.9)

Minimum call quality is defined according to 5.6 unless otherwise stated.
8.2.2.4.3.2 System capacity gains
8.2.2.4.3.2.1 MUROS-2, MS penetration scenario |

At 100% VAMOS | penetration, there are clear gains with all wider TX pulse shapes investigated with maximum
additional gains (compared to the linearized GMSK pulse) of 14 percentage points for the Hanning windowed RRC of
240 and 260 kHz pulse. At pulse width 300 kHz aloss, compared to the maximum gain, is seen when increasing the
width further.
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HanRRC300 (36)

HanRRC260 (29)

HanRRC240 (39)

HanRRC220 (98)

HanRRGC180 (30)

LinGMSK (85)

| 1 1
80 85 90 95 100
Capacity gain (comp. to non-VAMOS blocking) [%]

Figure 8-69a. Capacity gain MUROS-2, Scenario |.

8.2.2.4.3.2.2 MUROS-2, MS penetration scenario Il

At 50% VAMOS | penetration and 35% non-SAIC penetration the gains profile with awider pulseis similar to the case
of 100% penetration, with maximum additional gains of 10 percentage points.

HanRRC300 (72)

HanRRC260 (73)

HanRRC220 (72)

HanRRC180 (57)

LinGMSK (53)

| 1 1 I I | 1
58 60 62 64 66 68 70 72 74 76 78
Capacity gain (comp. to non-VAMOS blocking) [%]

Figure 8-69b. MURQOS-2, Scenario Il.

8.2.2.4.3.2.2 MUROS-3A and MUROS3-B, MS penetrations scenario |

In the tighter re-use scenario, 1/3, the gains with awider pulse shape are smaller. However, no losses are observed at
neither 100 % VAMOSI| penetration
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VAMOS OPT2 (65)
VAMOS OPT1 (66)
HanRRC280 (66)
HanRRC260 (66)
HanRRC240 (67)
HanRRC220 (67)
HanRRC200 (66)

LinGMSK (81)

1 Il Il I 1 | Il
56 58 60 62 64 66 68 70 72
Capacity gain (comp. to non-VAMOS blocking) [%]

Figure 8-69c. MUROS-3A, Scenario |

8.2.2.4.3.2.2 MUROS-3A and MUROS3-B, MS penetrations scenario |

In the tighter re-use scenario, 1/3, the gains with awider pulse shape are smaller. However, no losses are observed at
neither 100 % VAMOS | penetration

VAMOS OPT2 (65)
VAMOS OPT1 (66)
HanRRC280 (66)
HanRRC260 (66)
HanRRC240 (67)
HanRRC220 (67)
HanRRC200 (66)

LInGMSK (61)

1 i | |
56 58 60 62 64 66 68 70 72
Capacity gain (comp. to non-VAMOS blocking) [%]

Figure 8-69c. MUROS-3A, Scenario |

8.2.24.3.3 Impact on legacy users

To estimate the impact a wider pulse might have on legacy users network simulations were carried out withthe MS
penetrations.

In these simulations statistics are logged for all usersin the network but the alocations are separated between usersin
VAMOS mode and non-VAMOS mode. |.e. for the case of non-VAMOS allocations the statistics are always collected
with GM SK as carrier modulation experiencing increased adj-channel interference and decreased co-channel
interference due to the wide band TX pulse. Usersin VAMOS mode will be subject to possible gains with the wide
band pulse while also being subject to the difference in interferer characteritics.
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The network is placed at aload corresponding to the highest capacity gain achieved with awide pulse at quality
limitation

The requirement on minimum call FER has been chosen to target 95 % happy users. Thisisto allow for more statistics
to be calculated and to make it easier to identify the impact from awider pulse.

8.2.2.4.3.3.1 MUROS-2

Firstly, the potential gains by awider pulse are investigated in Figure 8-69e for usersin VAMOS modein MS
penetration scenario |. It can be seen that the quality is significantly increased with at most 9 percentage points of users
fulfilling the quality requirement.

920
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Good call FER (incl. adapt.) < 3%
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LinGMSK HanRRC180 HanRRC220 HanRRC240 HanRRC260 HanRRC300

Figure 8-69e. Impact on performance from different TX pulse shapes on users in VAMOS mode, MS
penetration scenario I.

In the remainder of this section only impact to usersin non-VAMOS mode is investigated.

In figure 8-69f the quality of users allocated in non-VAMOS mode are depicted for MS penetration scenario |.
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Figure 8-69f. Impact on performance from different TX pulse shapes on users in non-VAMOS mode,
MS penetration scenario I.
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It can be seen that the impact to usersin non-VAMOS mode due to the wide pulse is negligible up to a bandwidth of
240 kHz where a more visible impact is seen especially for HanRRC300. However, if using the quality criteria (a call
FER requirements of 3%) the quality difference between the two extremes in the pulsesinvestigated (i.e. LinGMSK and
HanRRC300) is still below 0.1% percentage points.

Figure 8-69g shows the performance per MS type in the mixed M S type penetration scenario Il for MUROS-2. It can be
seen that asimilar profile is seen for the SAIC MS asin the Figure. For non-SAIC M Ss an improved performance can
be seen with awidening of the pulse up to 260 kHz. Thisis dueto the relatively narrow RX bandwidth (160 kHz) that
will be less impacted by the increased ACI from the wide pulse, while the reduced CCl benefits the receiver.

I non SAIC
N SAIC

975} : ; , |

97

Good call FER (incl. adapt.) < 1%

LinGMSK HanRRC180 HanRRC220 HanRRC260 HanRRC300

Figure 8-69g. Impact on performance from different TX pulse shapes on users in non-VAMOS mode,
MS penetration scenario Il

Similar impact to legacy users have been seen also in tighter frequency re-use scenario MUROS3-A. Please see [8-38]
for more details.

8.2.2.4.3.4 Discussion

This document eval uates the impact on system capacity of awider pulse. It has been seen that awider pulse can bring
gainsin all three network configurations investigated (3/9, 1/3 and 1/1 re-use). The largest gains were seen for the 3/9
re-use with up to 14 percentage pointsin addition to the gains with the LinGM SK pulse. In al scenarios there are no
large additional gains by increasing the 3 dB bandwidth of the un-windowed RRC pulse larger than 220 kHz. It should
be noted that the bandwidth actually transmitted, i.e. after windowing has not been investigated.

The contribution has shown that there are gains in speech capacity to be expected by the introduction of awide pulse
both at high and moderate penetration of VAMOS M Ss and in both the tight and sparse frequency re-use scenarios
investigated.

8.2.3  Verification of Link to System Mapping

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed
at GERAN#41.

8.2.3.1 Methodology, DL

To derive the L2S mapping tables for Adaptive Symbol Constellation the interference is collected burst-wise from a
link level simulator and put in binsto get an instantaneous, burst wise C/I mapping to be used in the system simulator.

In addition to C/I also the D/I is collected. The D/I is defined as the ratio between the strongest co-channel interferer
and the rest of interference. The strongest co-channel interferer could either be an external GMSK modul ated co-
channel or the second, unwanted sub channel.

An MSreceiver can experience interference from either GM SK modulated external interference, external MUROS
interference and/or the unwanted sub channel from the a-QPSK constellation. The interference from packet data
channels are not modeled but if modeled it is expected to perform very similar to MUROS modulation.
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For each interferer scenario two different mappings are derived:
SAIC and SAM
1) The unwanted sub channel is stronger than the strongest external GM SK modulated co-channel interference.
2) External GMSK modulated co-channel interference is stronger than the unwanted sub channel
non-SAIC
1) The unwanted sub channel is stronger than the strongest external interferer.
2) External interference is stronger than the unwanted sub channel.

NOTE: The difference between the two approachesis that the non-SAIC M S does not take into account if the
external interference is GMSK or not since it does not have the capability to suppress the interference.

8.2.3.1.1 Interference scenarios

Based on the agreed working assumptions that the L2S methodology should be verified for,
1) The SCPIR envisaged for the operation of the candidate technique
2) Uncoded BER only
3) Theinterference modulation envisaged to be present in the system,

the following scenarios have been identified for aDL MS receiver in synchronous operation:

Table 8-17: Verification scenarios

Test case Carrier mod Intf. mod Intf. scenario SCPIR
1 GMSK GMSK MTS-1 -
2 GMSK QPSK MTS-1 -
3 GMSK GMSK MTS-2 -
4 GMSK QPSK MTS-2 -
5 a-QPSK GMSK MTS-1 *
6 a-QPSK QPSK MTS-1 *
7 a-QPSK GMSK MTS-2 *
8 a-QPSK QPSK MTS-2 *

* Dependent on the M S type model ed.

NOTE: It has been assumed that all external MUROS interference is QPSK, and not a-QPSK, modulated. Thisis
considered a worst case scenario since the more shifted the QPSK constellation is the more easily can the
interference be suppressed by a SAIC receiver.

Link simulations have been used to generate the link-2-system mappings while a system simulator has been used for the
verification.

8.2.3.1.2 Raw BER verification levels

The raw BER has been verified for raw BER levels corresponding to normal operation around 1 % FER for the speech
codecs used in the MUROS study.

In the figure below it can be seen that appropriate raw BER levels are 2-20 %.
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|—AHS5.90
1—GSM HR
1—AFS12.2 1
AFS59
---GMSK raw BER

Raw BER / FER

I
C/I: 5 dB per division

Figure 8-70: Raw BER and corresponding FER for speech codecs used in the system simulations

8.2.3.1.3 Interference statistics

Interference is collected for each burst, separating each type of interferer. For each burst the C/I and D/I isidentified.
The C/l is defined as the carrier/sub carrier power-to-total interference ratio while the D/I is defined as the strongest co-
channel interferer to the rest of interferers.

8.2.3.1.4 Adjacent channel interference

When calculating the total interference power there is no distinction of whether the signal is an adjacent channel
interferer or co channel interferer.

To get acommon measure of the interference power irrespective of the type of interferer the C/l needs to be defined at
the receiver front end. There is no impact to co channel interference since it will have the same spectral properties as the
carrier signal. However, for adjacent channel interference the interference power at the receiver needs to be assessed.
Link level simulations have been used to define corresponding co-channel interference for each level of adjacent
channel interference. In the simulations QPSK modulated interference is used in order for the SAIC receiver not to
suppress the co channel interferer.
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—CO-channel interference
—ADJ-channel interference
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Figure 8-71: Performance difference between co channel and adjacent channel interference.

It can be seen that the receiver filter seems to be able to mitigate the adjacent channel interference by approximately 21-
22 dB.

For each burst the adjacent channel interference power is mapped to a corresponding co-channel interference power
based on the plot above.

8.2.3.1.5 Mappings

Examples of L2S mappings used in the evaluation for the SAIC receiver are shown in the figures below.
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Figure 8-72: L2S mapping for SAIC receiver. 2"¥ sub channel stronger than external GMSK co-

channel.
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Figure 8-73: L2S mapping for SAIC receiver. External co-channel interferer stronger than 2" sub

channel.

It can be seen that it is easier for the SAIC receiver to suppress the unwanted sub channel than external co-channel

interference. It is clear from both maps that, given a C/l, the higher the D/I the better the performance.
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The simulation assumptions are summarized in Table 8-18.

Table 8-18: Simulation assumptions

Channel profile Typical Urban (TU)
Terminal speed 3 km/h
Frequency band 900 MHz
Frequency hopping Ided
Antenna diversity No
Interference scenario MTS-1

MTS-2
Interference modulation GMSK

QPSK

Receiver type

1. The SAIC agorithm used for the receiver
utilizes a spatial-tempora Vector
Autoregressive (VAR) Model

2. Legacy non-SAIC M S receiver

3. SAM receiver, [5]

Frequency  offset
externa interferers

N(50 Hz, 17 Hz)

I mpairments:

— Phase noise

—1/Q gain imbalance
—1/Q phase imbalance

Tx/Rx

0.8/1.0 [degrees(RMS)]
0.1/0.2 [dB]

0.2/1.5 [degrees

—DC offset -45/-40 [dBc]

— Frequency error - 125 [HZ]

— PA model Yed -
8.2.3.2.1 SAIC

The SCPIRs investigated for the SAIC receiver on an a-QPSK carrier is[-8, -4, 0, 4, 8] which is expected to cover most

scenarios possible with a SAIC architecture.
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Figure 8-74:.

GMSK carrier verification.

Test case 1 (top left), 2 (top right), 3 (bottom left), 4 (bottom
right)
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Figure 8-75: a-QPSK carrier verification. Test case 5 (top left), 6 (top right), 7 (bottom left), 8 (bottom
right).

It can be seen that all scenarios there isa good correspondence between the verified and simulated link performance. In

rare cases a difference of up to 0.5 dB is observed. However, in most cases the difference in performance is within 0.2
dB.

8.2.3.2.2 non-SAIC

Since the non-SAIC receiver is unable to suppress the interference from the other sub channel, only positive SCPIRs
have been considered for thisreceiver, [0, 4, 8].
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Figure 8-77: a-QPSK carrier verification. Test case 5 (top left), 6 (top right), 7 (bottom left), 8 (bottom
right).

It can be seen that all scenarios thereis a good correspondence between the verified and simulated link performance. In

rare cases a difference of up to 0.5 dB is observed. However, in most cases the difference in performance is within 0.3
dB.

8.2.3.2.3 SAM

The SAM receiver has been shown to provide good performance even in the case of large SCPIRS, see [5]. Thus, the
receiver has been verified using SCPIRs up to -14 dB.
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Figure 8-78: GMSK carrier verification. Test case 1 (top left), 2 (top right), 3 (bottom left), 4 (bottom
right).
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Figure 8-79: a-QPSK carrier verification. Test case 5 (top left), 6 (top right), 7 (bottom left), 8 (bottom
right).

8.2.4  Verfication of 4-dimension Link to System Mapping

In the 4-dimension Link to System mapping approach, the mapping tables are calculated using CIR, DIR, SCPIR and

CAR asinputs, and two types of mapping tables will be generated with link level smulation: (CIR, DIR, SCPIR,

CAR)->BER and (AVG_BEP, STD_BEP)-> FEP. So that the effects from CCl, ACI and co-VAMOS channel
interference could be well emulated. In which, the

CIR, defined as the ratio between power of the VAMOS carrier and the total power of all the external interference,
varies from -16 dB to 32 dB, with step of 2 dB. For value between will be linear interpolated.

DIR, defined as the power ratio between the power of the strongest external CCls and the total power of the rest CCls,
varies from -4 dB to 24 dB, with step of 4 dB. For value between will be linear interpolated.

SCPIR, defined as the power ratio between paired VAMOS sub-channels, varies within [-4, 0, 4, +«] dB for VAMOS |
type MS (+« dB represents GM SK modulation). For value between will be linear interpolated.

CAR, defined as the ratio between the power of VAMOS carrier and the total power of all external ACIs, variesfrom -
32 dB to 32 dB, with step of 2 dB. For value between will be linear interpolated.

STD-BEP defined the standard deviation of BER over a speech frame.

AV G-BEP defined the mean of BER over a speech frame.
8.24.1 Methodology, DL
By introducing VAMOS, it is expected that the voice capacity could be doubled, which means users in heavy loaded

VAMOS network would be working surrounded by AQPSK and GMSK signals as external interference. In the 4-
dimension L2S study, al external AQPSK interference is modelled as QPSK, thisis considered as a worst scenario case
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since the more shifted the QPSK constellation is the easier the interference can be suppressed by a SAIC receiver. Since
interfering signals with different modulation would do different impact on wanted signals, it was assumed that GSMK
and QPSK as dominated external CCl modulation should be considered separately. During system simulation, one set
of (CIR,DIR, SCPIR, CAR)->BER mapping tables would be chose according to instant modulation type of dominating
external CCl.

For FER, it will be generated within two steps. Firstly, search the (CIR,DIR, SCPIR, CAR)->BER mapping table burst
by burst using instant CIR, DIR, SCPIR and CAR values. For example, for an HR block, 4 BER (BER1, BER2, BER3,
BERA4) values are generated. Then calculate the avg_BEP and std_BEP according to the BER values. Secondly, search
mapping table of (AVG_BEP, STD_BEP)->FEP, to generate a FEP. In which, AVG_BEP refersto the average of

BERL1 to BER4, and STD_BEP isthe standard deviation of BER1 to BERA4.

8.24.2 Simulation, DL

Table 8-19 gives the simulation assumption in the link level simulator.

Table 8-19 Simulation assumptions

Parameter

Value

Channel profile

Typical Urban (TU)

Terminal speed 50 km/h
Frequency band 900 MHz
Frequency hopping Ideal
TSC number 5
Speech codecs HR

Carrier modulation

a-QPSK (-4dB, 0dB, 4dB)
GMSK

Interference scenario MTS-1
MTS-2

Interference QPSK

modulation GMSK

Receiver type

SAIC Receiver

Frequency offset of
external interferers

N(50 Hz, 17 Hz)

Extrnal interference
signal TSC

pseudo random bits

Figure 8-80 and Figure 8-81 are two sets of mapping tables for (CIR,DIR, SCPIR, CAR)->BER, differ from each other

in dominating interfering signal modulation.
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Figure 8-80 Mappings for Interf. Mod. = | Figure 8-81 Mappings for Interf. Mod. =
GMSK, Raw BER

QPSK, Raw BER

8.2.4.3

Verification, DL

Verification is performed under 8 test cases according to different combination of signal modulation types of both
wanted signal and external interfering signal, summarized in table 8-20.V erification results are summarized in figure 8-

82 to 8-89.
Table 8-20 Test cases collection
Test Interf. Modulation of Modulation of
Cases Scenario wanted signal External Interf.
signal
case 1 MTS-1 GMSK GMSK
case 2 MTS-1 GMSK QPSK
case 3 MTS-1 a-QPSK GMSK
case 4 MTS-1 a-QPSK QPSK
case 5 MTS-2 GMSK GMSK
case 6 MTS-2 GMSK QPSK
case 7 MTS-2 a-QPSK GMSK
case 8 MTS-2 a-QPSK QPSK
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Figure 8-88 Case 7 Figure 8-89 Case 8

The 4-dimension Link to System mapping method presented in this paper has been verified for interference scenarios
MTS-1 and MTS-2. The performance seems to be in line with the link level simulation experiencing differencein less
than 0.1 for most cases. In afew scenarios difference in performance of up to 0.3 dB is also observed.

8.2.5 Methodology and verification of integrated link simulator modeling

In the following subclause a methodology that integrates alink simulator in the network simulator is desctibed. Details
on the modeling of interferers are given as well as the simplifications made to the modeling.

8.25.1 Methodology

8.25.1.1 Interferers

To limit the execution time of the integrated link simulator the number of interferers has been limited.
8.25.11.1 Interferer types

Only co-channel and first adj-channel interferer is modeled by the link ssmulator. 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.

8.25.1.1.2 Limit 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 will generally have lower gains the longer the distance to the receiver. How
different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performanceis very
dependent on the receiver architecture.

8.2.5.1.1.2.1 Limiting the number of interferers

To limit the number of interfering bursts that needs to be generated for each carrier burst a fixed minimum number can
be applied per interfering class. 'Class' is here referring to any difference in Tx-characteristics between interferers
and/or interferer types. Thus, a GMSK co-channel interferer would be classified as a different class compared to an
AQPSK interferer of SCPIR = 0 dB. Further, two AQPSK co-channel interferers of different SCPIR would also be
classified as different interferer classes.

8.25.1.1.2.2 Requirement on modeled energy level

An additional requirement can also be added to the limitation of interferers to ensure that at least a certain amount of the
energy in each classis modeled. This would 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.
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8.25.1.1.2.3 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 interferers are scaled based on the residual interferer power of each
class.

8.2.6 Results

Two interferer scenarios have been investigated, CO-X and Multi-X, where the X refersto X number of interferers of
equal strength. The multi scenario is based on two interferer types, CO-ch and ADJ-ch where the adjacent channel
interferers are placed 3 dB higher than the corresponding CO-channel interferer,

For more details on the interferer scenarios used, see [8-39].

8.2.6.1 Limit of number of interferers

In Figure 8-90 the CO-X scenario have been simulated for AHS5.90. Thisis considered to be aworst case scenario in
terms of the number of interferers needed to model correct link level performance. I.e. the structure of the interfering
signal is most impacted if the interfering levels are similar for the different interferers.

The number of external co-channel interferers has been set between 3 and 10 and different requirements on energy
levels have been scanned. For al simulations a minimum requirement of 2 interferers per class applies.

In the figures the performance difference (y-axis) is compared at 1% FER to the performance with no limitation on
interferers.

At low requirements of modeled energy (<30%) there is a difference in performance of around 2 dB using interferer
limit of two. It can further be seen that when 90% of the interferer energy is modeled there is at most a degradation of
0.2 dB irrespective of the number of interferers used (CO-X) and the minimum number of interferers being modeled.
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Figure 8-90. Different number of CO-interferers with minimum if-limit of two.

It must be noted that thisis an extreme worst case scenario that has been modeled. |.e. as soon as more than one classis
present and/or different type of interferersis present (adj-ch) alower energy requirement is sufficient.

Thisis shown in Figure 8-91 where the Multi-X scenario with adj-ch interferers on both sides of the co-channel
interferers has been used.
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Figure 8-90. Different number of Multi-interferers with minimum if-limit of two.

It can be seen that in this scenario athree interferer limit is sufficient to describe the interference with a maximum
simulation difference of 0.1 dB.

8.2.6.2 Impact on simulated system capacity

In Figure 8-91 system level performance with and without (limit=20) a limitation of interferersin each classis shown.
The system modeled is for the case of 100% VAMOS | MS penetration, MUROS-2 network and TX pulse
HanRRC280. The choice of the wide HanRRC pulseisto ensure that there is a significant difference in the spectral
properties of different interferer (GMSK vs. AQPSK).

It can be seen that impact on the simulated system capacity is minimal by limiting the number of interferersto 3.

An additional minimum energy requirement will increase the number of interferers being modeled and lower the impact
further.
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Figure 8-91. System level VAMOS performance with (limit set to 3) and with interferer limitation set to
20.
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8.3 Impacts on the Mobile Station

8.3.1 Legacy mobile stations

The presented concept is compatible with legacy MS. No implementation impact is foreseen. In addition, it should be
noticed that legacy mobiles will gain from both the sub channel specific power control on the DL and the proposed
frequency hopping scheme.

8.3.2 Mobile stations supporting Adaptive symbol constellation

Support of new TSCswill help improve link performance, spectral efficiency and network planning. Thus, new training
sequence codes must be defined in the MS. The support of the new training sequence codes must be signalled to the
network.

In order to improve thelink performance and ultimately the spectral efficiency of the network, the M Sreceiver agorithms
should be optimized to cope with inter-sub-channel interference.

Sub channel power control on the DL (a-QPSK)

No additional implementation is needed to support sub channel power control on the DL for an M S detecting its own sub
channel, e.g. a SAIC capable MS.

If ajoint detection algorithm is used, i.e. the two sub channels are detected jointly, the power control parameter a needs
to be estimated on a burst-by-burst basis or by a filtering over several bursts. Alternatively, signalling could be used to
convey a. NOTE: Estimation of aphaisonly needed for joint detection receivers.

Adaptive constellation rotation
In order to support adaptive constellation rotation the MS must perform blind detection of the rotation angle.
Frequency hopping

There is no impact to the legacy mobile allocated on the first sub channel. The user on the second sub channel needs to
support additional signalling and the new hopping sequences.

8.4 Impacts on the BSS

The transmitter will need to implement a new linear modulation type. A receiver capable of demodulating multiuser
MIMO signals is aso required. New power control and channel allocation strategies must also be implemented. The
following list provides more details:

BSS shall be able to assign different TSC's to the two users. The choice of TSC shall be made based upon the
capabilities of the MS.

The transmitter shall implement the linear modulator. If alegacy BSS has support for alinear M -PSK
modulator, M > 4, then & can be quantized to a set of discrete values and the legacy modulator re-used.

The transmitter should be able to support two rotations, which are used dependent on the value of alpha.

The receiver shall be able to demodulate 2 simultaneous received signals from two antenna branches. (I.e. a2
user MIMO receiver is needed.).

The transmitter and receiver should support new signalling for frequency hopping and new frequency hopping
schemes.

The BSS shall implement new power control algorithms both in the uplink and downlink. In the downlink it is
necessary to ensure that each MS has a signal to noise plusinterference ratio high enough to successfully demodulate
and decode itsintended signal. Thisis achieved by choosing the parameter ¢ and the output power appropriately.

Adaptive symbol constellation will only impact the radio interface in terms of increased channel capacity. Thus, the
capacity of the Abisinterface will have to be increased in accordance with the increased number of channels that can be
supported by Adaptive Symbol Constellation.
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8.5 Impacts on Network Planning

No impact on network planning is foreseen. The impact on system performance due to a wider pulse shape isleft FFS.

8.6 Impacts on the Specification

Below isalist of impacted specifications for the Adaptive Symbol Constellation concept:

3GPPTS Details
24.008 Capability indication for adaptive symbol constellation
44.018 Layer3, training sequence signalling
45.002 Definition of new training sequence codes
Frequency hopping impacts
45.004 a-QPSK modulation definition

45.005 Performance requirements for UL and DL
45.008 Impacts on power control

51.010 Introduction of new mobile station test cases
51.021 Introduction of new base station test cases

8.7 Summary of Evaluation versus Objectives

In this section the candidate technique is eval uated against the defined objectivesin chapter 4. Note, this section
represents the view of the proponents of this candidate technique.

The following classification is used for the eval uation:

Fulfilled

Expected to be fulfilled

Unclear/FFS

Not fulfilled

8.7.1 Performance objectives
Capacity improvements at the BTS (P1)

Gains have been shown in [8-11] to be between 0 and 114 % dependent on the system scenario and speech coded
investigated. Further enhancements are expected when utilizing o-QPSK, frequency hopping and adaptive constellation
rotation.

Expected to befulfilled
Capacity improvements at the Air interface (P2)
Two users are multiplexed on the same radio resource.

Fulfilled

Evaluation of MUROS Candidate

Techniques Candidate Techniques proposed in MUROS

Performance Objectives Adaptive symbol constellation
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P1: Capacity Improvements at the 1) Gains have been shown to be between 0 and 114

BTS % dependent on the system scenario and speech
1) increase voice capacity of GERAN in order | coded investigated for OSC. Further enhancements
of a factor of two per BTS transceiver are expected when utilizing a-QPSK, frequency

2) channels under interest: TCH/FS, TCH/HS, | hopping and adaptive constellation rotation.
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

P2: Capacity Improvements at the

air interface

1) enhance the voice capacity of GERAN by
means of multiplexing at least two users
simultaneously on the same radio resource
both in downlink and in uplink

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

8.7.2 Compatibility objectives
Maintenance of Voice Quality (C1)

The capacity gains have been shown when using the same quality target for channels not using adaptive symbol
constellation and channels using adaptive symbol constellation. Additionally, GSM HR has been investigated with the
same FER threshold as AMR codecs. Given the same FER level, the voice quality is worse for GSM HR than for any
AMR codec.

Fulfilled
Support of legacy mobile stations (C2)

Legacy, DARP Phase |, mobiles can be supported on the first sub channel, see [8-10], while MS's supporting new
training sequence codes are required for the second sub channel.

Both the concept of downlink power control (a-QPSK) and the concept of frequency hopping will support legacy
mobiles. However, legacy mobiles will experience no gains from adaptive constellation rotation.

The support of non DARP Phase | mobilesisstill left FFS.

Fulfilled (DARP Phase | MSs)

TBD  (Non DARP Phase | MSs)

Implementation | mpact to new Mobile Stations (C3)

Compared to alegacy DARP Phase | receiver, the following additional support is needed.
- new training sequences

- additional detection of rotation. (Note: Algorithms for modulation detection in EDGE capable terminals can be
re-used.)

- signaling procedure of frequency hopping

- frequency hopping support,
Implementation | mpactsto BSS (C4)
Transmitter:

- additional constellation rotation

- linear modulator for a-QPSK

Receiver
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- Dual antennareceiver becomes mandatory.

- Demodulation algorithm of two simultaneous received signals
Transmitted and Receiver

- new TSC support

- support of frequency hopping concept
Dimensioning aspects of the Abis interface due to the increased channel support needsto be taken into account.
Impactsto Network Planning (C5)

No impact is foreseen when using the linearized GMSK pulse shape. The impact due to awider pulse shape on the DL
isleft FFS.

The evaluation against the objectives is summarised in the table below.

The compatibility objectives are summarized below with following colour coding.

. Fulfilled

Expected to befulfilled

Unclear/FFS

Not fulfilled

Evaluation of MUROS Candidate
Techniques Candidate Techniques proposed in MUROS

Compatibility Objectives Adaptive symbol constellation

C1: Maintainance of Voice Quality

1) voice quality should not decrease as
perceived by the user.

2) A voice quality level better than for GSM HR
should be ensured.

C2: Support of Legacy Mobile
Stations

1) Support of legacy MS w/o implementation

impact. . .

2) FI):irst priority on support of legacy DARP 2) Legacy DARP Phase | terminals will be supported.

phase 1 termina|s’ second priority on support Non DARP Phase | terminals have been shown to

of legacy GMSK terminals not supporting support the concept on link level. System level studies

DARP phase 1. are still needed to show the feasibility of non DARP
Phase | support.

C3: Implementation Impacts to 1) New training sequences, additional rotation (note

new MS's that blind modulation detection algorithms from
EGPRS can be re-used) and new frequency hopping
functionality need to be supported. If joint detection
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1) change MS hardware as little as possible.
2) Additional complexity in terms of processing
power and memory should be kept to a
minimum.
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receiver is used, the alpha (in the alpha-QPSK
constellation), needs to be estimated.

2) Detection of one additional rotation is a low
complexity/low memory operation and can be done in
the same way as in modulation detection in EGPRS.

If joint detection receiver is to be used then the
demodulator will be considerably more complex than
the GMSK demodulator. In this case the estimation of
alpha is also required. Estimation of alpha is slightly
more complex than the detection of one additional
rotation.

C4: Implementation Impacts to
BSS

1) Change BSS hardware as little as possible
and HW upgrades to the BSS should be
avoided.

2) Any TRX hardware capable for MUROS
shall support legacy non-SAIC mobiles and
SAIC mobiles.

3) Impacts to dimensioning of resources on
Abis interface shall be minimised.

1) Demodulation of two simultaneous signals is
needed. Additionally support of new training
sequences, linear modulator for alpha-QPSK,
additional rotation and support of new frequency
hopping scheme needs to be supported.

2) The concept brings no impact to the support of
different type of mobiles for the TRX

3) The capacity of the Abis interface needs to be
increased in accordance with the increased number of
channels supported by MUROS.

C5: Impacts to Network Planning

1) Impacts to network planning and frequency
reuse shall be minimised.

2) Impacts to legacy MS interfered on downlink
by the MUROS candidate technique should be
avoided in case of usage of a wider transmit
pulse shape on downlink.

3) Furthermore investigations shall be
dedicated into the usage at the band edge, at
the edge of an operator's band allocation and
in country border regions where no frequency
coordination are in place.

1) No impact on frequency planning or frequency re-
use is foreseen.

2) A wide pulse shape has only been investigated on
link level. System level simulations are needed to
investigate the impact of a wider pulse.

3) If a wide pulse shape is to be deployed it is not
expected to be used at the edge of an operator's
frequency band.
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9 Higher Order Modulations for MUROS

9.1 Concept Description

9.1.1 Downlink
9111 Speech multiplexing

For the downlink channel, several speech channels can be transmitted simultaneously over a single physical channel.
Each channel can be separately encoded. This technique support al legacy speech codecs (TCH/FS, TCH/EFS,
TCH/AFS, TCH/WFS, TCH/HS, TCH/AHS), and separate DTX for each user. In the case that AMR speech encoding is
being used for one or more of the users, this allows for independent selection of codec mode for each user, multiplexing
of legacy users. A diagram showing the concept of multiplexing four usersis shown in Figure 9-1.

Channel

User 1 Speech o | Encode &
’ Encode = Rate o

Matching

Channel

User 2 Speech Encode &
! Encode > Rate o

Matching

Multiplexer - Burst Formatter

Channel

User 3 Speech Encode &
Encode > Rate ™

Matching

Channel

User 4 Speech Encode &
Encode > Rate =

Matching

Figure 9-1: Higher Order Modulation for MUROS in Downlink (4 users)

As can be seen in Figure 9-1, each user is separately encoded. After rate matching, the users are multiplexed together.
There are several policies the multiplexer could take. One option isto fairly divide the resource among the users. For
example, by concatenating the users' messages and then bit interleaving, or by allocating separate symbols for every
user. In order to allow power control between the users the number of bits the rate matching outputs can be unequal.
Another option that can be used is allocating each user abit (or bits) in the modulation constellation. This option allows
inherent power control, as the strength of bitsis not equal. Thisis discussed in more detail in the section on power
control.

Using this method, one can multiplex 1 to 4 users on the same dot. Asin TCH/AFS, each speech frame is interleaved
over 8 physical slotsto alow as large as possible time diversity. The four MUROS users are marked as MO,...,M3. In
each dlot, up to 4 users are transmitted, depending on each user'sindividual DTX status. The modulation level can be
varied according to the instantaneous number of users as shown in Figure 9-2.
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A
e o o
e o o o

—————»
e o o
e o6 o o

4 users 3 users 2 users 1 user
Figure 9-2: Modulation according to Number of Configured Users
9.1.1.11 Speech Multiplexing and Interleaving

The allocation of the symbols on the constellation is done according to the order of bit definition in 45.004. In GMSK,
S0 isthe only bit in the constellation, di. In QPSK, SO is mapped to the first bit and S1 to the second bit d2i and d2i+1
respectively. In 8PSK, S0, S1 and S2 are mapped to bits d3i,, d3i+1 and d3i+2 respectively, and in 16QAM stream SO
to S3 are mapped to bits d4i, ddi+1, d4i+2 and d4i+3 respectively. Using this definition, in 8PSK modulation streams
S0 and S1 are "strong" streams, as they are mapped to strong bits, while S2 isa"weak" stream, as it mapped to a weak
bit. In 16QAM, stream SO and S1 are the strong streams and stream S2 and S3 are the weak streams.

In case of 4 users, the stream allocation to user allocation is done in the following way: MO to SO, M1to S1, M2 to S2
and M3 to S3. In case of only one active user, that user will be mapped to the GMSK S0 stream. In other cases, the
mapping will depend on the instantaneous DTX status, as will be described in the DTX subsection.

Each user that is transmitted has an allocated user stream in the constellations. Asthe number of bitsin each stream is
equal to the legacy number of bitsin the TCH channel, speech multiplexing can be done as currently done in TCH/AFS
channels, with the interleaving onto the allocated bits. As with legacy channels, adjacent speech frames are diagonally
interleaved in the same way.

The interleaving pattern used by each user is depending on the user number. The interleaving is done in the following
way’:

Let C(k), k=0,...,455, be the coded bits after puncturing, and 1(j),j=0,...,455 be the coded bits after interleaving.

Definej as. j = 57* (k%8) + (49* k+14*index)%57, whereind the MUROS user index, givenin Table 9-0. Theinterleaving
pattern is defined as 1(j) = C(K).

Using this interleaving, user MO has the the same legacy interleaving, therefore if only MO is transmitted, the legacy
TCH/AFS dots are achieved.

Table 9-0: MUROS user interleaving indices

User Index

MO 0
M1 1
M2 2
M3 3
9.1.1.2 Modulation Schemes and Training Sequences

The proposal will re-use GMSK and 8-PSK modulation training sequences, and 16-QAM modulation training
sequences defined for EGPRS2. In addition, 8 training sequences for QPSK modulation at normal symbol rate will need
to be defined. This can using the same method of producing the 16QAM/32QAM sequences. A rotation of 3rn/4 can be
used to differentiate the modulation scheme for blind modulation detection. The TSCs are summarized in Table 9-Oa.
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Table 9-0a: QPSK Training Sequences

Training
Sequence Training sequence
Code (TSC)
0 1,1,1,1,0,0,1,12,1,12,0,0,1,1,0,0,0,0,0,0,1,12,1,12,1,12,1,1,0,0,
1,1,1,1,1,1,0,0,2,2,2,12,0,0,1,1,0,0,0,0,0,0
1 1,1,1,1,0,0,1,1,0,0,0,0,1,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,
1,1,1,1,1,1,0,0,1,12,0,0,0,0,1,2,0,0,0,0,0,0
2 1,1,0,0,1,2,1,2,1,12,1,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,1,1,0,0,
1,1,1,1,0,0,1,2,1,2,1,12,1,1,0,0,0,0,0,0,1,1
3 1,1,0,0,1,2,1,12,1,1,0,0,0,0,0,0,0,0,1,12,0,0,0,0,1,12,0,0, 1, 1,
1,1,1,1,0,0,1,2,1,2,1,1,0,0,0,0,0,0,0,0,1,1
4 1,1,1,2,1,1,0,0,0,0,1,12,0,0,1,12,0,0,0,0,0,0,1,12,1,1,0,0,1, 1,
1,1,1,1,1,1,1,1,0,0,0,0,1,12,0,0,1,12,0,0,0,0
5 1,1,0,0,1,1,1,1,0,0,0,0,0,0,12,1,0,0,1,1,0,0,0,0,1,1,1,1,1,1,
1,1,1,1,0,0,1,12,1,12,0,0,0,0,0,0,1,12,0,0,1,1
6 o,o0110,0,2,1,11,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,2, 1, 1, 1,
1,1,0,0,1,1,0,0,1,1,1,12,0,0,0,0,0,0,0,0,0,0
7 o,o,0,00,0,12,10,000000011,2,11,1,0,0,1,1,1,1,0,0,
1,1,00000011000000001,1,1,1

Constellation rotations can be as for EGPRS2, with the exception of the QPSK configuration to support alegacy GM SK
user. Thisisdescribed in clause 9.1.1.3.

9.1.1.3 Legacy GMSK MS Support

Support for legacy GMSK M Ss can be provided with a modified QPSK modulation. In this case, the resource can
support up to 2 M Ss, one of which can be alegacy GMSK MS. The constellation rotation will be compatible with
legacy GMSK for transmission of thisslot, i.e. /2 per symbol period, as shown in Figure 9-3. Detection of the rotation
will be by blind modulation detection, as for detection between different modulation schemes for the regular speech
multiplexing. Figure 9-4 shows different configurations for multiplexing legacy M Ss, both full rate and half rate.

MUROS Legacy
rotate
#
Legacy MUROS
Symbol Symbol
N N+1

Figure 9-3: /2 constellation rotation for legacy multiplexing
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TDMA Frame Number —» | N | N+1 | N+2 | N+3 | N+4 | N+5 | N+6 | N+7
MO Mo MO MO MO MO MO MO
1 Legacy Full rate
1 MUROS Full Rate
Lo Lo Lo Lo Lo Lo Lo Lo
MO MO MO MO MO MO MO MO
2 Legacy Half rate
1 MURGCS Full Rate
Lo L1 Lo L1 Lo L1 Lo L1
MO M1 M1 MO MO M1 M1 MO
1 Legacy Full rate
2 MUROS Half rate
Lo Lo Lo Lo Lo Lo Lo Lo
MO M1 M1 MO MO M1 M1 MO
2 Legacy Half rate
2 MUROS Half rate
Lo L1 Lo L1 Lo L1 Lo L1

Figure 9-4: Downlink Configurations of MUROS with Legacy

9.1.1.4 Codecs support and Achievable Code Rates

This HOM technique support all legacy speech codecs (TCH/FS, TCH/EFS, TCH/AFS, TCH/WFS, TCH/HS,
TCH/AHS), and separate DTX for each user. In full rate codec is supported in the following way. Every legacy codec
produce a payload of 456 bits. This payload isinterleaved using the interleaving scheme described in subsection 9.1.1.2.
After interleaving, the payload bits are mapped to the user stream over 8 slots as done the legacy full rate channels.

The achievable coding rate are equal to the legacy coding rate, as the same payload size is maintained, i.e. 456 bits.

The support of the legacy codesis done in the following way. Every half rate code produces 228 bits. Those bits are
duplicated to produce atotal of 456 bits. Ones 456 bits are achieved, we continue as in the full rate codecs, i.e.,
interleaving and mapping on the appropriate stream.

As explained in the above text, the achievable code rate is the same as achieve in the legacy codec for every
modulation. As areference, Table 9-1 summarized the TCH/AFS code rates for any modulation used.

Table 9-1: AMR channel coding rates on DL

AMR code rate
AMR (no header)
TCH/AFS12.2 0.56
TCH/AFS10.2 0.47
TCH/AFS7.95 0.37
TCH/AFS7.4 0.34
TCH/AFS6.7 0.31
TCH/AFS5.9 0.28
TCH/AFS5.15 0.24
TCH/AFS4.75 0.23
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9.1.1.5 DTX

The decision for each DL user channel to activate DTX isindependent, depending on instantaneous speech activity. In
the case that one or more users enter DTX, alower, more robust modulation can be used according to the number of
users instantaneously required. For example, where four users use 16-QAM, 3 users can use 8PSK, two users QPSK,
and one user GM SK modul ation.

Since information about which user or users enter DTX is not known a priori, this information must be provided by
signaling as side information. This can be done as for the following example.

Each user of alogical channel isapriori assigned an identifier, so that the user knows where to access the channel
encoded bits. So, the user will always know which vector of decoded bits to extract from a received burst. The different
DTX configurations are now considered.

9.1.1.5.1 DTX Configuration Signaling
Signaling of the MUROS users that are active for a given dot transmission can be done with asingle bit.

Suppose that there 4 MUROS users, numbered for agiven TDMA frame as MO, M1, M2, and M3. Each MSisaware
apriori of itsindex for this phase in the hop sequence. Thisinformation is signaled at call setup. The interleaving order
is preserved also in the case that one or more of the channels enters DTX.

The signaling may then work as follows.
4 users- 16-QAM

All four users are transmitted. No signaling is required. User MO is carried on stream SO, M1 on S1, M2 on S2 and M3
on S3.

3users- 8-PSK

One user has entered DTX. Four options are possible for transmitted channels. A signal bit is used to indicate the
appropriate channel configuration as shown in Table 9-2.

Table 9-2: Signalled Bit Encoding according to DTX states

SO0 S1 S2
MO M1 M2
MO M1 MS3
MO M2 MS3
M1 M2 M3

RO O

In the 8-PSK slot transmission there are 3 streams S0, S1 and S2, of encoded channel bits, each equivalent in size to the
payload carried by a GMSK dlot. The four users relate to the signaled bit as shown in Table 9-3. So for example, when
the signaled bit is set to 1, the MUROS user with index 2 (M2), reads the third vector of bits, S2.

Table 9-3: Interpretation of Signaled Bit By MUROS user

Signalled Bit MO M1 M2 M3
0 SO S1 S2 S2
1 SO SO S1 S2

2 users- QPSK

Two users have entered DTX. Six options are possible for transmitted channels. A signal bit is used to indicate the
appropriate channel configuration as shown in Table 9-4.

Table 9-4: Signalled Bit Encoding according to DTX states

Transmitted channels Signalled Bit
SO s1
MO M1 1
MO M2 0
MO M3 1
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M1 M2 0
M1 M3 0
M2 M3 1

In the QPSK dot transmission there are 2 streams, SO and S1, of encoded channel bits, equivalent is size to the payload
carried by aGMSK dlot. The four users relate to the signaled bit as shown in Table 9-5. So for example, when the
signaled bit is set to 1, the MUROS user with index 2 (M2), reads the third vector of hits, S2.

Table 9-5: Interpretation of Signaled Bit By MUROS user

Signalled MO M1 M2 M3
Bit
0 SO SO S1 S1
1 SO S1 SO S1

1 user - GMSK

In the case that only asingle user isnot in DTX, no signaling is required. All users on this timesl ot/frequency will
receive the slot, and use it to try to decode a speech frame. However, only the user to whom the data is transmitted will
succeed in decoding the speech frame.

9.1.1511 Examples
MO user

A user alocated MO always reads the first stream of bits, irrespective of the modulation used. Since the user order is
preserved, the first stream SO will always carry MO data, irrespective of the DTX state of other users, except in the case
that MO itself has entered DTX. The DTX signaling bit can be ignored by user MO. In the case that MO is one of the
usersthat isin DTX, the received datawill not be decodable, since the encryption scrambling will be different from that
for MO.

Note that MEAN_BEP & CV_BEP are parameters that are dependent only on uncoded data, not on data at frame level.
So frames that are not decoded are not relevant to determining downlink channel quality.

Similarly, auser alocated to M3 aways takes bits from the last stream of the transmitted modulation, which is S3 for
16-QAM, S2 for 8-PSK, S1 for QPSK; and, if GMSK is used, then the single stream of bitsis used by M3 asthe
received data for speech frame decoding. The DTX signaling bit can be ignored by user M3.

M2 user

Suppose a user is allocated identifier M2 at setup together with 3 other users, allocated as M0, M1 and M3. For 16-
QAM modulation transmitted on the downlink, M2 reads data bits from stream S2.

At apoint in the call, one of the users on the downlink enters DTX. From the start of the next interleaved speech frame,
the modulation transmitted is now 8-PSK. At this point, as the next timeslots are received, user M2 is not yet aware
which user has entered DTX (including if it is M2 itself). After receiving all the timedlots of the interleaved speech
frame, the DTX signaling information for that speech frame can be decoded. If the signaling bit is 0, then bits for M2
are read from stream S2 (per Table 9-3) (corresponding to M3 being in DTX (or M2 itself)). If the signaling bit is 1,
then bitsfor M2 are read from stream S1 (corresponding to either MO or M1 being in DTX). As for the MO example
above, if itisM2 itself that has entered DTX, then the received data will not be decodeable, but since the data is not
directed to M2, thisis not relevant.

Suppose now that 2 users enter DT X, and QPSK is transmitted on the downlink. If the DTX signaling bit is 0, then M2
reads its bits from the second stream S1 (per Table 9-5) (corresponding to either MO or M1, plus M3 (or M2)), being in
DTX. If the DTX signaling bit is 1, then bits for M2 are read from the first stream SO (corresponding to both M0 and
M1 beingin DTX).

In the case that 3 usersenter DTX, and GMSK is transmitted on the downlink, then bitsfor M2 are read from the single
stream SO.
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9.1.1.5.2 Signalling Rate and Signaling Channel Coding

In order to signal the instantaneous user channel configuration for 8-PSK and QPSK dot transmissions, one signaling
bit isrequired. Asthe DTX status can be changed every speech block, the required rate of the signaling is one signaling
bit per 4 dots. In order to make this transmission robust, it must be encoded. A code rate of 1/8 is used. The code words
are specified in Table 9-5a.

Table 9-5a: Signaling Bit Codewords
Signaling bit Codeword
0 00000000
1 11111111

In order to convey the signaling codeword, 8 bits per 4 slots are needed to be transmitted, that is 2 bits per slot. In
QPSK modulation, this will affect only one bit per user per slot, atotal of 4 payload bits in one speech frame. For
example, for 12.2kbps AMR channel, this would change the channel encoding rate from R=0.56 (250/448) to R=0.563
(250/444). The impact of this on speech channel performance is expected to be negligible. Note that all simulation
results include impact of the signalling.

In 8PSK the same number of bitsis needed per dot. In order to improve the signaling performance, strong bits are used.
Therefore user on stream S2 is unaffected in the coderate, while user in stream SO and S1 has the same impact asin
QPSK.

The signaling codeword isinterleaved over 8 slots using the same way the stealing bits are interleaved. The bits that are
used to convey the signaling are the strong bits. The symbol that is used to convey the signaling is symbol number 116,
such that in QPSK all the symbol is used and in 8PSK only the two strong bits are used.

9.1.1.5.3 Average Channel Usage

The average active part of the DTX of an MSistypically 60%. Assuming that we multiplex 4 users simultaneously onto
aphysical channel, the distribution of usage among the different modulation schemes can be estimated.

Assume that for a given timeslot, the usage of agiven MS, is given by a uniformly distributed variable, p(u) =0.6.
The usage of DTX by each MS isindependent, then the number of channels instantaneoudly in useis distributed as:

P(k)=*C,(0.6)"(0.4)“"

This gives the modulation probability distribution as shown in Table 9-6. This shows that most of the transmissions use
amodulation no higher than 8PSK. Only when none of the 4 usersisin DTX, then the modulation rises to 16-QAM.

Table 9-6: Modulation Usage in DTX

Modulation Probability
16-QAM 6%
8PSK 24%
QPSK 30%
GMSK 24%
None 6%

9.1.1.6 Hopping

The DTX phase of an MS tends to be for a period of time, and does not change from speech frame to speech frame. So
the improvement in channel conditionsis localized to certain periodsin time.

Some consideration of this has been given for the case where only 2 users are multiplexed [9-8], where adaptive frequency
hopping has been proposed to hop between hopping sequences, and so better distribute the improvements available from
DTX phases. Although the case for 4 multiplexed users is somewhat better in terms of improvements from DTX, since
there are anumber of multiplexed usersthat can each enter DTX, the improvements still remain somewhat localized. The
concept presented in [9-8] can also be used for higher modulations. A simple example is shown in Table 9-7 for 8 MSs,
distributed over 2 hopping segquences. Initially, the MSs are distributed { MO,M1,M2,M3} and { M4,M5,M6,M7} over the
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2 carriersin frame N. In frame N+1, the alocation is changed to { MO,M1,M2,M7}, {M4,M5M6,M3}. As can be seen
in Table 9-7, the second and third users are set as fixed during 4 frames. Thisfact is used in the signaling coding that was
described in subsection 9.1.1.5. After the 4 frames, users M2 and M6 change location in order to improve the DTX
diversity.

Table 9-7: Example of Adaptive Hopping for Higher Order Modulations

Frame-> N N+1 N+2 N+3 N+4 N+5 N+6 N+7
Hop seq 1 MO MO M4 M4 MO M4 M4 M4
M1 M1 M1 M1 M1 M1 M1 M1
M2 M2 M2 M2 M6 M6 M6 M6
M3 M7 M3 M7 M7 M7 M3 M7
Hop seq 2 M4 M4 MO MO M4 M4 MO MO
M5 M5 M5 M5 M5 M5 M5 M5
M6 M6 M6 M6 M2 M2 M2 M2
M7 M3 M7 M3 M7 M3 M7 M3
9.1.1.7 Power Control

Some measure of power control differential between the users supported within the constellation is desirable, in
addition to power control for the complete constellation.

A proposal for amodified QPSK constellation was made in [9-9] in order to allow a power differential between 2 users.

As shown in Figure 9-6, for each block of k=4 bits, two of them (b1 and by) are mapped to the sub channel |, and the
other two bits (bs and bs) are mapped to the sub channel Q. Because the two sub channels are independent, different
protection of the strong bits and weak bits can be obtained by setting a proper value of x for each sub channel where the
distance between the two inner points are denoted by d; and d, for the subchannel | and Q, respectively, while the
distance between an outer point and its neighbour is denoted by widi, and qd, for the sub channel | and Q, respectively
(ui and uq are real numbers). In general, 14is not necessarily equal to 44, and, dqis not necessarily equal to di. These
flexibilities make it possible to let all of the four bits have different protection (Note that for xi= ue=1.0 and di=dq,
Figure 9-6 represents aregular 16-QAM constellation with equal distance between all neighboring points.).

In the receiver, the rea part and the imaginary part of the received complex symbol can be separated, and a hard
decision can be made for each bit following the rules,

~ 0 ifRefr}>0
b= {1 otherwise @
~ |0 if |Re{r} <(u +1)d,/2
bzz{ | e{_}l (4, +1)d,/ @
1 otherwise
~ 0 if Im{r}>0
b3={1 {.} ®)
otherwise
A 0 ifl|l 1)d /2
b4: ! |m{r}|<('uq+ ) Q/ (4)
1 otherwise

where Re{r} and In{r} arethereal part and the imaginary part of the received symbol, respectively.

The values of xi and uq can be estimated in the receiver by observing the received training sequence. Noted that the
estimation errors of w; and/or uq have no effect on the BEP performance of the strong bits; they affect only the weak
bits. Furthermore, the estimation errors only widen the performance gap between the strong and weak bits. This effect
can be compensated by adjusting the corresponding values of x; and/or x4 accordingly. This method can aso be used for
adapting i and/or pq in response to variation of the channel.

When changing modulation schemes, a number of possibilities can be considered. One is to maintain the carrier power
irrespective of modulation. The MSs not in DTX enjoy the improved link performance, although inter cell interference
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may be increased. This simplifies RSSI measurement within a SACCH multiframe, since all timeslots have the same
transmit power. A second option is to transmit the different modul ations with a known power differential between them.
In thisway, similar BEP performance could be possible for the different modulations. However, since the power
difference between the modulations is known a priori, the RSSI measurement within a SACCH multiframe can be made
asthough al dlots were transmitted with identical power.

[ ) [ ) [ ) [ )
[ ) [ ) o [ )
No Power Control With Power Control

Figure 9-5: Downlink power control on HOM — QPSK
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Figure 9-6: Downlink power control on HOM- 16QAM
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Figure 9-7: Pre-defined Backoff for DTX modulation changes
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9.1.18 SACCH

The SACCH channels are supported in the following manner. Users M0 and M1 SACCH messages are allocated on
frame 12. If both users M0 and M 1 are allocated, QPSK modulation is used, such that the first stream SO is the SACCH
of user MO, and the second stream S1 isthe SACCH of user M 1. If only one user out of MO and M1 is allocated,
GMSK modulation is used for the SACCH of that user. Similarly, the SACCH messages for user M2 and M3 are
alocated on frame 25. Note that no modification of the SACCH coding is needed, and no signalling is required.

Repeated SACCH can a'so be supported using this principle for each user independently.
9.1.1.9 FACCH

FACCH messages are transmitted, as currently, by replacement of the speech frame bits of that user. This ensures the
alignment of the FACCH performance to the speech performance. Note that the transmission of FACCH for one of the
users does not impact the other users (e.g. no loss of speech frames).

The performance of the FACCH signaling channel should be aligned with the performance of the speech channels that
it supports. With the existing channel coding of the FACCH channel, this can be supported over modulations of similar
order to those supporting the speech channels. If each speech user isindependently encoded, then the bits relating to
that user can be replaced by a FACCH block related to that user, without impacting the other users.

Repeated FACCH can a'so be supported using this principle for each user independently.

9.1.2 Uplink
9.1.21 Speech multiplexing

Figure 9-10 shows the concept for uplink MUROS support. For the uplink, up to 2 M Ss can co-transmit on the same
frequency and timedlot. The users are differentiated by the use of different training sequences. The uplink transmissions
can use QPSK modulation or GM SK modulation. In order to achieve the coding rates to support high bit rate codecs
like AMR (12.2kb/s), TCH/FS and TCH/EFS, uplink modulation will be QPSK. If one of the MSsislegacy GM SK,
then its uplink transmission will be with GMSK modulation.

It isassumed that the BT S uses interference rejection combining (IRC) or successive interference cancellation (SIC) in
order to receive the data for each of the users.

In order to support 4 users on the uplink, the allocation can be arranged as shown in Figure 9-11. Two users will be
allocated to transmit on each alternate frame. The two user MUROS case is a sub-case of 4 users where the first 2 users
are allocated so that they transmit on alternate frames, and co-transmission is avoided until at least 3 users are active.

Note: Co-channel interfered higher order modulation was considered in GERAN Release 7 for DARP Phase |1 [9-10].
An example requirement in the standard is that, for MCS5, using 8PSK modulation with code rate 0.37, with a GM SK
or 8-PSK co-channel interferer, the performance requirement must be met at C/1=-6.5dB. So, it is expected that good
performance with uplink QPSK modulation with a co-channel interferer will be achievable with conditions of a
secondary user transmitted so that each user has a C/I around OdB.

9.1.21.1 Legacy Support

Examples of legacy support configurations are shown in Figure 9-12. These different configurations show how full rate
or half rate legacy GMSK M Ss can be supported on the uplink.

Note that the configurations would allow flexibility such that not all the MSs sharing a physical resource need to be of
type full rate or half rate.
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Figure 9-10 : Higher Order Modulation for MUROS in Uplink

TDMA Frame Number N N+1 N+2 | N+3
MO M2 MO M2
2 MUROS QPSK | QPSK | QPSK | QPSK
MO M2 M2 MO
QPSK | QPSK | QPSK | QPSK
M1 M3 M1 M3
4 MUROS QPSK | QPSK | QPSK | QPSK

Figure 9-11: Uplink MUROS Configurations
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Figure 9-12: Uplink Configurations of MUROS with Legacy

9.1.2.2 Training Sequences

Two QPSK training sequences will need to be defined for normal symbol rate. The base set defined in Table 9-Oafor
downlink QPSK modulation can be re-used. The second set is based on the GMSK TSC suggested in [9-11] using two
diagonal constellation point of QPSK. The results TSC bit sequences are shown in Table 9-7a.
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Table 9-7a: Second User QPSK TSC

Training Training sequence
Sequence
Code (TSC)
0 o0,0,0,0,0,0,12,1,0,0,0,0,0,0,0,0,12,1,0,0,0,0,1,1,1, 1,0,
011,00110,0,0,0,0,0,1,1,12,2,2,1,1,1,0,0,0,0
1 001,1,12,2,12,2,1,2,1,12,0,0,1,1,0,0,0,0,0,0,0,0,1, 1, 0,
0,0,0,1,1,1120,000,0,0,1,1,0,0,2,1,1,1,2,1,1,1
2 o0,0,0,01,1,0,0,1,1,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0, 0,
o1,1,1,10,00,0,0,0,2,1,0,0,2,1,12,1,1,1,0,0,1,1
3 0,01,1,1,2,1,2,0,0,1,2,1,1,0,0,0,0,0,0,1,12,2,1,12,1,1,
1,1,1,1,1,0,0,0,0,1,12,0,0,1,1,0,0,0,0,1,1,1,1,0,0
4 00,1,1,110,0,0,0,0,0,1,1,0,0,0,0,1,1,1,1,0,0,1, 1, 0,
o1,1,0,000,12,1,1,2,2,2,1,1,12,2,21,1,0,0,0,0,1,1
5 o0,0,0,0,0,0,2,12,1,10,0,0,0,0,0,0,0,0,0,1,12,0,0,1, 1,0,
o,o00,0,0,0,0,2,1,2,1,0,0,0,0,12,1,0,0,1,1,1,1,1,1
6 0,0,0,0,12,2,12,2,0,0,1,2,1,2,1,12,1,1,0,0,1,1,0,0,1, 1,1,
1,1,1,1,1,1,10,0,0,0,0,0,1,1,0,0,0,0,1,1,2,1,0,0
7 0000112,0,0,1,2,1,12,0,0,0,0,1,12,1,12,2,12,2,1,12, 1,1,
1,0,00,0,1,1,2,2,2,1,1,1,0,0,1,1,0,0,1,1,0,0,0,0

User MO and M2 are using the TSC listed in Table 9-7awhile user M1 and M3 are using the TSC in Table 9-Oa.

9.1.2.3 Burst Format Signaling

No burst formatting will be required on the uplink. The users on the same physical uplink resource will be discriminated
by the training sequence used by each MS.

9.1.2.4 DTX

Each MS independently transmits on the uplink. When an M S determines that there is no speech on the uplink, the MS
does not transmit, except for transmission of the SID and SACCH information.

9.1.25 Hopping

As with downlink hopping, adaptive frequency hopping can a so be used with the proposed uplink concept, in order to
maximize the benefit achievable from MS uplink links entering DTX.

A possible scheme is that shown in Figure 9-13. Eight M Ss are shown being supported across the 2 sequences. The
example shows a full interleaving sequence of a speech frame. In thefirst 4 frames MS0 is transmitted on frame N and
frame N+3 as one of the two uplink users on hopping sequence 1 in those frames. The second user transmitting on the
uplink in each of frame N and frame N+3 is different. Hence, if MSO uplink isin DTX, both MS1 and MS2 obtain
benefit from this. Similarly, M S3 can transmit on frames N+1 and N+2.

In the same way, MS4 and M S7 can transmit on hopping sequence 2.

Note that MS1, MS2, MS5 and M S6 do not move across hopping sequences, and are allocated alternate frames. These
MS allocations can be used for 1 or more legacy GMSK M Ss. These, of course, would be limited to transmitting GM SK
modulation on the uplink timeslots.

Interms of allocation of M Ss, it is of course preferable to allocate them initially so that they are not transmitting on the
same frames, and only once this has been completed, to start allocating the second of the pairs (e.g. { MSO, MS1}).
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TDMA Frame Number | N N+1 | N+2 | N+3 N N+1 | N+2 | N+3

Hop seq 1

MS4 | MS7 | MS7 | MS4
Hop seq 2

MS5 MS6 MS5 MS6 MS5 MS6 MS5 MS6

Figure 9-13: Hopping across 2 hopping sequences on Uplink

9.1.2.6 Codecs support and Achievable Code Rates

The code rates achievable with multiplexing a speech user over a QPSK modulation with interleaving depth of 4 dotsis
the same asis achievable for TCH/AFS over GMSK. So the achievable code rates are given in Table 9-1 above.

9.1.2.7 Power Control

On the uplink, each uplink independently transmits. The power requested by the network is set for each MS, such that
two users' transmissions can be reliably separated.

9.1.2.8 SACCH

The SACCH channels are supported in the following manner. Each user transmitsits SACCH channel using GM SK
modulation, as per legacy. Users MO and M1 are allocated on frame 12, and users M2 and M3 are allocated on frame
25. Note that no modification of the SACCH coding is needed, and no signalling is required.

Repeated SACCH can also be supported using this principle for each user independently.

9.1.3 Dynamic Channel Allocation

In addition to some internal power control, dynamic channel allocation (DCA), can group the users into sets of users

that have similar needs, and allocate these to a common resource. As the signal conditions of each user change, these
sets can be updated in order to maximize effectiveness.

9.2 Performance Characterization

921 Link Level Performance

9.211 Sensitivity Performance

This section shows the performance of the different speech codecs in sensitivity conditions.

In each plot, the sensitivity performance of the speech channel is shown for relevant physical channel. Lines are shown
for 1 user (black), 2 users (blue), 3 users (green) and 4 users (red). For the case of 3 and 4 co-allocated users, 2 curves
are shown, corresponding to mapping of the stream to strong bits or weak bits in the modulation constellation. For 3
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users, 2 streams are on strong bits, and one on weak bit stream. For 4 users, 2 users are on each of the strong and weak

bits.

Table 9-7b: Simulation Assumptions for sensitivity performance evaluation

Parameter Value
Speech codec TCH/AFS5.9, TCH/AFS12.2, TCH/AHS5.9,
TCH/FS, TCH/FS, TCH/EFS
Channel profile TU3, TUSO
Frequency band 900 MHz
Frequency hopping I deal
Interference Sensitivity
Backoff GMSK  0dB
QPSK  2.2dB
8PSK 3.3dB
16-QAM 4.4dB
No. simulated speech frames 10, 000
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Figure 9-13a: Multiplexed users in DL, Sensitivity/TU3iFH
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Figure 9-13b: Multiplexed users in DL, Sensitivity/TU50iFH

9.2.1.2 Interference Performance

9.21.2.1 Co-channel Performance

This section shows simulation results for two speech users multiplexed on QPSK modulation both in uplink and
downlink, and four speech users multiplexed on 16-QAM modulation both in uplink and downlink. The conditions are
co-channel interferer with a TU3 iFH channel. For two all users and four users, the legacy AMR coding schemes and
puncturing were used.

Figure 9-14 shows the downlink performance achievable with the AMR 5.9kbps codec for 2 and 4 users, as compared to
the legacy single user 5.9kbps case. Also shown are the 45.005 requirements for TCH/AFS12.2, TCH/AFS5.9 and
TCH/AHS5.9. The 2 user MUROS curve only requires a 1.2dB improvement over the single user legacy case; it aso
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exceeds the TCH/AFS5.9 requirement in 45.005 by around 3dB. The 4-user MUROS case exceeds the TCH/AHS5.9
requirements by around 2dB. That is, with a2dB degradation in C/I, double the number of speech users can be supported
as compared to the legacy requirements.

Figure 9-15 shows the downlink performance achievable with the AMR 12.2kbps codec for 2 and 4 users, as compared
to thelegacy single user 12.2 kbps case. Similarly to the 5.9 case, the 2-user MUROS case using thel2.2kbps codec only
requires a 0.5dB improvement over the single user legacy case. The 4-user MUROS case can also be supported with a
C/1=15.5dB which, based on network measurements done during Release 7 GERAN Evolution work, is very reasonable
to occur in networks.

Figure 9-16 shows the downlink performance for the case when only a half rate traffic physical channel is allocated to
MUROS users, as for instance when the other half rate is allocated to legacy usage. The performance of 2-user MUROS
carrying AMR5.9kbps is compared to TCH/AFS5.9 and TCH/AHS5.9 performance. Also shown are the 45.005
requirements for TCH/AHS5.9. It can be seen that an improvement of only 0.5dB is needed to support 2 users over the
half rate resource. Also, the MUROS performance exceeds the TCH/AHS5.9 performance requirement by 1dB. So,
allocating part of the resource to alegacy user, does not affect the ability to use the remainder of the resource in an
effective way for MUROS.
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Figure 9-14: Speech user performance of multiplexed users in Downlink, AMR5.9, Co-channel, TU3 iFH
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Figure 9-15: Speech user performance of multiplexed users in Downlink, AMR12.2, Co-channel, TU3 iFH
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Figure 9-16: Speech user performance of multiplexed users in Downlink, AMR5.9, Co-channel, TU3
iFH (Half Rate Resource)

9.2.1.2.2 MTS-x Performance

This section shows the performance of speech over the defined MUROS channels, under the different types of MUROS
interferersthat could be present. That is, GMSK, QPSK and 16QAM interferers. Simulations are shown for configurations
MTS1to MTSA4.

In the Figures 9-17 to 9-24, the line colour indicates the number of users, 1, 2 or 4, and the shape indicates the interferer
type. Also shown by the purple and green markers are 3GPP standard requirements of a number of cases.
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Table 9-8 Simulation Assumptions for MTS-x performance evaluation.

Parameter Value

Speech codec AMR5.9and 12.2

Channel profile TU3

Frequency band 900 MHz

Frequency hopping Ideal

Interference MTS1, MTS2, MTS-3, MTS4 (GMSK, QPSK,
16QAM)

Receiver type Conventional

Rx filter Conventional

No. simulated speech frames 10, 000
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Figure 9-17: AMR 5.9 performance of multiplexed users in DL, MTS-1
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Figure 9-19: AMR 5.9 performance of multiplexed users in DL, MTS-2
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Figure 9-21: AMR 5.9 performance of multiplexed users in DL, MTS-3
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Figure 9-22: AMR 12.2 performance of multiplexed users in DL, MTS-3
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Figure 9-23: AMR 5.9 performance of multiplexed users in DL, MTS-4
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Figure 9-24: AMR 12.2 performance of multiplexed users in DL, MTS-4

9.2.1.2.3 Co-Channel Performance with Power Control

This section shows the range of power control available in the higher modulations by use of mapping the user streams
to the different strength bits in the modulation constellation, as described earlier. In addition, this can a so be enhanced

by modification of the constellation as proposed in Section 9.1.1.7.

The following Figures are shown for the 12.2 and 5.9 AMR full rate codecs, in channel scenariosMTS-1 to MTS-4 with
MUROS interference. For 2 users over QPSK, asinglelineis shown as both bitsin the constellation are of same
strength. For 3 users over 8-PSK, 2 lines are shown — 2 users are with strong bits, 1 with less strong. For 4 users over
16-QAM, 2 lines are shown — 2 users with strong bits, 2 users with less strong. Additionally, markersindicate 45.005
standard requirements where relevant. It can be seen that performance of 3 and 4 usersis quite similar. It can aso be
seen that by simple mapping, it is possible to support speech usersin conditions that are only 6dB worse than legacy

speech channels.
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Figure 9-26: AMR 12.2 multiplexed users in DL, MTS-1/TU3iFH
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Figure 9-27: AMR 5.9 multiplexed users in DL, MTS-2/TU3iFH
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Figure 9-28: AMR 12.2 multiplexed users in DL, MTS-2/TU3iFH
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Figure 9-29: AMR 5.9 multiplexed users in DL, MTS-3/TU3iFH

afs 12.2, DL, Channel: TUSIFHWMTS3
T | T I
b . R, 2
A \ A % 3
\q N i y 4
ol % E_ % i _ 0 GMSKIntf ||
e A o, . '\ o QPSK I, -
y s 5 e weiCa, T w . o A BPSK Intf :
L (N 1 ki
) A iy 3
\ ! \
" \ \ \
& | \ \ \
- II" .I.". 3
I"'n Y % b
% \ |
El!\ \ H
&
ot % "'5__ 3 ) |
Ili !II =4 |II \.-__ 3
\ \ i ¥
, I|I ._II |.I
Illn \ III.
Lt Ii | L )
0 5 10

1
15
i, [dB]

Figure 9-30: AMR 12.2 multiplexed users in DL, MTS-3/TU3iFH
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Figure 9-31: AMR 5.9 multiplexed users in DL, MTS-4/TU3iFH
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Figure 9-32: AMR 12.2 multiplexed users in DL, MTS-4/TU3iFH
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9213 MTS-1 to MTS-4 Performance

This section shows the performance of the different speech codecs over the defined MUROS channels, MTS-1to MTS-
4.

In each plot, the interferer performance of the speech channel is shown for relevant physical channel. Lines are shown
for 1 user (black), 2 users (blue), 3 users (green) and 4 users (red). For the case of 3 and 4 co-allocated users, 2 curves
are shown, corresponding to mapping of the stream to strong bits or weak bits in the modulation constellation. For 3

users, 2 streams are on strong bits, and one on weak bit stream. For 4 users, 2 users are on each of the strong and weak

bits.

Table 9-8a Simulation Assumptions for interferer performance evaluation

Parameter Value
Speech codec TCH/AFS5.9, TCH/AFS12.2, TCH/AHS5.9,
TCH/FS, TCH/FS, TCH/EFS
Channel profile TU3, TUS0
Frequency band 900 MHz
Frequency hopping |deal
Interference MUROS interferer
No. simulated speech frames 10, 000
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Figure 9-33: Multiplexed users in DL, MTS-1/TUS3iFH
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Figure 9-34: Multiplexed users in DL, MTS-1/TU50iFH
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Figure 9-35: Multiplexed users in DL, MTS-2/TUS3iFH
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Figure 9-36: Multiplexed users in DL, MTS-2/TU50iFH

ETSI



ETSI TR 145 914 V15.0.0 (2018-07)

265

3GPP TR 45.914 version 15.0.0 Release 15

TCH/AFS 12.2, DL, Channel: TU3IFH\MTS3

DL, Channel: TU3IFH\MTS3

TCHIAFS 5.9,

c/l, [dB]

c/l, [dB]

TCH/HS, DL, Channel: TUSIFH\MTS3

TCH/AHS 5.9, DL, Channel: TU3IFH\MTS3

TCH/EFS, DL, Channel: TUSIFH\MTS3

TCH/FS, DL, Channel: TU3IFH\MTS3

c/l, [dB]

¢, [dB]

37: Multiplexed users in DL, MTS-3/TU3iFH
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38: Multiplexed users in DL, MTS-3/TU50iFH

Figure 9-
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Figure 9-39: Multiplexed users in DL, MTS-4/TUS3iFH
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Figure 9-40: Multiplexed users in DL, MTS-4/TU50iFH
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9.2.3 Verification of Link to System Mapping

This section depicts verification results for the employed Link to System mapping for this candidate technique as agreed
at GERAN#41.

9.3 Impacts on the Mobile Station

The presented concept is compatible with legacy MSs. Legacy M S designs that already support modul ations required
for Release 7 require the following changes

- Support of new multiplexing schemes for multiuser speech

- Déefinition of new training sequences, both on downlink and uplink

- Signaling support to indicate new M S capabilities

- Moadification of modulation definitions to support QPSK on uplink (at Normal Symbol Rate)
Legacy M Ssthat support only GMSK modulation are supported

- Multiplexing on a QPSK modulation with /2 constellation rotation, and use of alegacy training sequence on the
sub-channel

- Multiplexing of legacy M S on dedicated timeslot

9.4 Impacts on the BSS

- Support of new multiplexing schemes for multiuser speech channels
- Support of QPSK Normal Symbol Rate reception

- Signaling support to indicate channel status

9.5 Impacts on Network Planning

There should be no impacts on network planning, as the multiplexing schemes take advantage of existing excess C/I
available in current typical network layouts.

9.6 Impacts on the Specification

The following specification documents are expected to be updated

Specification Comments

24.008 Capability indication for HOM/MUROS

44.018 RR support for HOM/MUROS

45.002 Definitions of multiple users on MUROS channels

45.003 Channel coding definitions to support HOMUROS

45.004 Modulation definition for QPSK on uplink; QPSK with nn/2
rotation on downlink

45.005 Performance requirements for new HOM/MURQOS channels

45.008 Link quality measurements
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9.7 Summary of Evaluation versus Objectives

In this section the candidate technique is evaluated against the defined objectives in chapter 4. Note, this section
represents the view of the proponents of this candidate technique.

The following classification is used for the eval uation:

. Fulfilled

Expected to befulfilled

Unclear/FFS

Not fulfilled

9.7.1 Performance Objectives

Higher Order Modulation

Performance Objectives

1) Network simulations have not yet been presented to

P1: Capacity Improvements at the
show the available spectral efficiency gain

BTS

1) increase voice capacity of GERAN in order
of a factor of two per BTS transceiver

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

P2: Capacity Improvements at the

air interface

1) enhance the voice capacity of GERAN by
means of multiplexing at least two users
simultaneously on the same radio resource
both in downlink and in uplink

2) channels under interest: TCH/FS, TCH/HS,
TCH/EFS, TCH/AFS, TCH/AHS and TCH/WFS

9.7.2 Compatibility Objectives

Higher Order Modulation

Compatibility Objectives

C1: Maintainance of Voice Quality
1) voice quality should not decrease as
perceived by the user.

2) A voice quality level better than for GSM HR
should be ensured.
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C2: Support of Legacy Mobile

Stations

1) Support of legacy MS w/o implementation
impact.

2) First priority on support of legacy DARP
phase 1 terminals, second priority on support
of legacy GMSK terminals not supporting
DARP phase 1.

C3: Implementation Impacts to
new MS's

1) change MS hardware as little as possible.
2) Additional complexity in terms of processing
power and memory should be kept to a
minimum.

C4: Implementation Impacts to
BSS

1) Change BSS hardware as little as possible
and HW upgrades to the BSS should be
avoided.

2) Any TRX hardware capable for MUROS
shall support legacy non-SAIC mobiles and
SAIC mobiles.

3) Impacts to dimensioning of resources on
Abis interface shall be minimised.

3) Impact is to reserve a higher number of sub
channels on Abis interface and possibly use another
packet Abis technology.

C5: Impacts to Network Planning
1) Impacts to network planning and frequency
reuse shall be minimised.

2) Impacts to legacy MS interfered on downlink
by the MUROS candidate technique should be
avoided in case of usage of a wider transmit
pulse shape on downlink.

3) Furthermore investigations shall be
dedicated into the usage at the band edge, at
the edge of an operator's band allocation and
in country border regions where no frequency
coordination are in place.

2) Impacts on legacy MS reception for optimised TX
pulse shape would require further investigation
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[9-6] GP-062124, "Assessment of HOT performance based on EGPRS performance in live networks," Ericsson
[9-7] "Higher Order Modulations for MUROS — Concept Description”, Telco#l on MUROS, Marvell

[9-8] GP-080636, "Frequency Hopping Schemes for MURQOS," source Ericsson

[9-9] GP-080114, "Adaptive Symbol Constellation for MUROS", source Ericsson

[9-10] 3GPP TS 45.005, "Radio Transmission and Reception,” Release 7, version 7.13.0

[9-11] GP-081053, "On Training Sequences for MUROS;," source Research in Motion

10 New Training Sequences

A number of candidate techniques using a new set of training sequences were proposed for speech capacity enhancement
under MUROS study item. In total 7 different sets of new training sequences were proposed. These are enumerated in
this section.

10.1  Training sequence candidates proposed
10.1.1 TSC Set proposed by Nokia [10-1]

Table 10-1: Nokia candidate training sequence symbols

TSC# Training sequence

0 11-11-1-1 1-1-1-2 1-1-1-1 1-1 1 1 1-1-1-1-1 1-1-1
1 111-1111-1-1-12-1 1-1 1 1-1 1 1-1 1 1 1-1 1 1 1
2 1-1-1-12 1-1 1 1-1 11 1 1-11 1 1-1 1 1 1-1-1-1-1 1
3 1-1 1 11-1 11 1-12-1-1 111 1-1 1-1-1 1-1-1-1 1-1
4 1-1 1 11-11-1-1 111 1-11-1-1 1 1 1-1 1 1 1 1 1
5 1-1 1-1-1-1-12-12 1 1-1 1 1-1-1-1 1 1-1 1-1 1 1 1 1 1
6 1-1-1-12 1-1-12-1-1 1 1-1 1-1-1-1-1 1 1-1 1 1 1-1 1-1
7 11-11-1 1-2-12 1 1-1-1-1-1-1-1 1 1-1-1-1-1 1-1 1-1
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10.1.2 TSC Set proposed by Motorola [10-2]

Table 10-2: Motorola candidate training sequence symbols

TSCH# Training sequence

0 -1-12111-12 1-12-12-12-12 1-1-1 1-1-1-1 1 1 1-1 1-1-1-1
1 11-1 1-1-1-12 11 1-1 1 1-1 1 1 1 1-1 1-1-1-1 1 1 1
2 -1 1-12-12-2-12 1-12-1 1-12-1-12 1 1 1-1 1-1-1-1-1 1-1-1 1
3 1-111-11 11 1-1 1-1-1-1 1 1 1-1 1 1-1 1 1 1 1-1
4 11-1 11 1-11 1-1 1-1-1-1-1 1 1 1-1 1 1 1-1 1 1-1
5 -1-1-1-121-12 1 1-1 11 1-1 1 1 1-1-1-1-1 1-1 1 1-1 1
6 1-1211 1-121 1 1-1-1-1-1 1-1 1 1-1 1 1 1-1 1 1 1-1
7 -1-1-12 11 1-12 1 1-1 1-1-1-1 1-1-1-1-1 1 1 1-1 1 1-1

10.1.3 TSC Set proposed by China Mobile [10-3]

Table 10-3: China Mobile candidate training sequence symbols

TSCH# Training sequence

0 1 11-12-1-12 1-1-1 1-1 1-1-1 1-1 1 1 1-1-1-1 1-1-1 1
1 1-1-1-12-1-17-12-11-12 11 1-1-1 1 1-1-1-1-1-1-1-1 1-1
2 1 11-12-1-12 1-1-1 1-1-1 1-1 1-1 1 1 1-1-1-1 1-1-1 1
3 -1-17-12 1-12-2 1-1-12-12 1 1 1-1 1-1-1-1-1 1-1-1 1-1-1-1
4 -1-12 12-1-127-12 1-17-12 1-1 1 11 1-1-1-1 1-1-1-1 1-1-1 1
5 1-1-17-12 1-12 111 1-11 1-11 1 1-1-1-1 1-1 1 1 1 1
6 -1-1-12-1-17-12 1-1-12 1-1 1-12 1 1 1-1-1-1-1-1-1 1-1-1 1
7 1-1-1-12-1-17-12 1-1-12-12 1 1 1-1 1 1-1-1-1-1-1-1 1-1-1
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10.1.4 TSC Set proposed by Research in Motion Ltd [10-4]

Table 10-4: Research in Motion Ltd candidate training sequence symbols

TSCH# Training sequence

0 111-11111-11 1-1-1 1-1 1-1 1 1 1-1-1-1-1 1 1
1 1-1-1-1-1-1 1-1 1 1 1 1-1 1 1-1-1 1 1 1-1 1-1-1-1-1
2 11-1 1-1 1 1-11 1111 1-1-1 1 1 1-1 1-1-1-1 1-1
3 1-17-12-1 1-1-12 1 1 1-1-1-1-1-1-1 1 1-1 1-1 1 1-1-1 1
4 1-1-172 11 1-1 1 1-1-1 1-1 1-1 1 1-1-1-1-1-1-1 1 1-1
5 111-12-121 111 1-11-1 1 1 1 1-1-1 1 1-1 1-1-1-1
6 11-12-12 1-1-1-1-1 1-1 1-1-1-1-1-1 1 1 1-1 1 1-1-1 1
7 11-121-12-121 1-1-1-1-1-1-1 1 1-1-1-1-1 1-1 1-1 1 1

10.1.5 TSC Set proposed by Telefon AB LM Ericsson [10-5]

Table 10-5: Telefon AB LM Ericsson Proposed training sequence symbols

TSCH# Training sequence

0 1-1 11111 1-11 1-1 1-1-1-1 1 1 1-1 1 1-1-1-1 1
1 -1 1-12-12-2 1 1-1 1-1 1-1-1-1-1-1 1-1 1 1-1-1 1 1 1 1
2 111-1-1-12 1 1-1-1-1-1-1-1 1-1 1-1 1 1-1-1 1-1-1 1
3 -1-121-1211-2-12 1-1-2-12 1 1-1-1-1-1 1-1 1-1 1 1 1 1
4 111-111-111 1-11-11 1 1 1-1-1 1-1-1-1-1 1 1
5 1-1-12-12 1 1-1 1 1 1-1-1-1 1-1 1 1-1 1 1 1 1 1 1-1 1
6 -1-1-1-121-12 111 1-1-1 1-1 1-1-1-1 1-1-1 1-1-1-1 1
7 -12111-121-2111-11 1-11-1 1 1-1-1-1-1-1-1 1 1

10.1.6 TSC Set proposed by Huawei Technologies Ltd [10-6]

Table 10-6: Huawei Technologies Proposed training sequence symbols

TSC# Training sequence

0 -11-171117-22721211-21-2-22111-1-2-11-1-11
1 1171211-2211-2-22-2-1721722-2-171-11-1-1-1-1
2 1-1-2-21-22127-2-17171212111-1-2111-11-111-1
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3 1-17127-172112111211-17-217-17212111-1-11-1-1-11-11
4 1-17-27-211-212111-117-21121111-1-11-11-1
5 1-17-211117-212127-2-21-21-172121-1-1-1-1-11-11
6 -17111-2721272171-217-127-1-17-2171-21-1-11-1-1-111
7 -1111-2217-127-12-2-2-21-121-1-1-1-1-11-1-1111

10.1.7 TSC Set-2 proposed by Research in Motion Ltd [10-7]

Table 10-7: Research in Motion Ltd candidate training sequence symbols-2

TSCH# Training sequence

0 1-1-2 11 1-121 1 1-11 1-1 1 1-1-1-1-1 1-1 1-1-1-1
1 1-121-1-1-12-12 1-1 1 1-1-1 1-1-1-1 1-1-1-1 1 1 1 1-1
2 1-1211 11 1-11-1-11 1 1-1-1-1 1-1-1-1 1-1-1 1 1
3 11-12 1-1-1 1-1-1-1 1-1-1-1 1 1-1-1-1-1 1-1 1 1 1 1
4 1-1-12-1 1-12 1 1-1-1-1-1 1-1 1 1-1-1-1 1-1-1-1-1-1 1
5 1-1 1111 1-11 1-1-1 1-1 1-1 1 1-1-1-1-1 1 1-1-1
6 111-1211 1 1-1-1 1-1 1 1 1 1-1-1 1-1-1-1 1-1 1-1
7 1-1111-1 1-1-1-1 1 1-1-1-1-1-1-1 1 1-1 1-1 1 1-1

10.1.8 TSC Set-2 proposed by Huawei Technologies Ltd [10-8]

Table 10-8: Huawei Tecnologies Ltd candidate training sequence symbols-2

TSCH# New Training Sequences
0 1-1-127111-211-1-12-21-1121-1-1-1-1-11-11
1 -1111-121-1-2-1-1-11-121-1-1-1-1-11-1-1111
> 1-1-1-117-11-1-1121111211-1-1111-11-111-1
3 -1111-12117-12-2-2-2-2121-11-1-11-1-1-111
4 1-11-11111121-1-11-11111-1-11-1-1-11-11
5 11111-12111-2-11-1-11121-1-11-11-1-1-1-1
6 1-1-1-111-111111-11-111111-1-11-11-1
7 -11-1111-11111-11-1-11111-1-1-11-1-11
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10.1.9 TSC Set-2 proposed by Motorola [10-9]

Table 10-9: Motorola candidate training sequence symbols-2

TSCH# Mot or ol a Proposed TSC Synbol s

0 41 -1 -1 +1 +1 +1 +1 +1 +1 -1 +1 +1 -1 -1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1
1 +1 41 41 -1 -1 -1 -1 +1 -1 +1 +1 -1 +1 41 -1 -1 -1 +1 -1 -1 -1 +1 -1 -1 -1 +1
2 4#1 -1 -1 -1 -1 41 -1 -1 41 -1 -1 -1 -1 +1 +1 -1 -1 -1 +1 -1 +1 -1 +1 +1 -1 -1
3 +1 41 -1 +1 41 41 -1 +1 +1 41 -1 +1 +1 -1 -1 -1 +1 +1 +1 +1 -1 +1 -1 -1 +1 -1
4 +1 -1 +1 +1 41 -1 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 -1 +1 +1 +1 -1 +1 +1 +1 +1 +1
5 +1 -1 -1 +1 +1 +1 +1 -1 +1 +1 -1 -1 +1 -1 +1 -1 +1 +1 -1 -1 -1 -1 -1 +1 -1 -1
6 1 -1 -1 41 -1 -1 -1 -1 41 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 +1 -1 +1 -1 +1
7

+1 +1 -1 +1 +1 +1 -1 +1 -1 -1 -1 +#1 +1 -1 -1-1-1-1 -1 +1 +1 -1 +1 -1 -1 +1

10.2  Training sequence evaluation and selection
The criteriafor selection of TSC's were agreed at GERAN#39:

- Legacy TSCisused on 1st subchannel

- New proposed TSC is used on 2nd subchannel

- Performance of TSC pairsis evaluated

- Restriction to single interferer scenario MTS-1 with the interferer either using GMSK or MUROS modulation
type.

- Both DL and ULwill be evaluated.
- Evaluate in addition the cross correlation performance of new TSC's whilst the eval uation method is left open 8
At GERAN 1 Adhoc on EGPRS2/WIDER/MUROQOS following agreements were achieved:

- fixed pairs will be used for the training sequence evaluation. There was no agreement to standardise training
sequence pairs.

- newly proposed TRS sets will be included in the TR but without corresponding performance simulation results
(in order not to overload the TR).

- selection could wait until after aWI is opened.

- no new proposal for new training sequences will be accepted from this point in time, unless it was shown to
provide a significant performance improvement of (~0.5 dB).

At MUROS telco#7 following agreements were achieved:

- Contributions can be provided by companies to check the cross correlation properties of unpaired sequences at
GERAN#40.

8 Thisadditional criterion has been defined in MUROS telco #6 [10-8].
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- Voting will be used at GERAN#40 to select the best sequence among the candidate sets.

At GERAN#40 it was agreed to freeze the work related to the evaluation of the best TSC set, until awork itemis
started. Hence further training sequence evaluation as well as final selection of the TSC set will take place within the
sucessive work item VAMOS.

At GERAN#41 an offline session on further proceeding related to the TSC evaluation work was held [10-10]. In the
following GERAN working group 1 meeting it was agreed that the proposed candidate in section 10.1.7 (RIM-2) is
selected for VAMOS.
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11 Associated Control Channel Design

11.1  Shifted SACCH

11.1.1 Concept Description

The TDMA frame mapping on the second MUROS sub channel is rearranged so that the all ocation of the SACCH
frame does not collide with that in the first MUROS sub channel where legacy TDMA frame mapping is applied. This
can be done both for afull rate channel and for a half rate channel. The new mapping on one MUROS sub channel
should be kept once assigned, regardless of the state of the pairing MUROS sub channel.

One approach of designing the new mapping isto simply swap the SACCH frame with a specific TCH frame within a
26-multiframe. To minimize the impacts on both BSS and M S (e.g. frame scheduling, and alignment of measurement
reports etc.), the chosen allocation of the SACCH frame is respectively the 13" frame for afull rate channel, the 13"
frame for the 1% half rate sub channel, and the 24" frame for the 2" half rate sub channel.

Possible channel organizations are shown in Figure 11-1 through Figure 11-5, where only one time slot per TDMA
frameis considered. It can be seen that such an alocation scheme nicely keeps the speech block interval the same as
that in legacy mapping (i.e. 7 or 8 frames).
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Figure 11-1: Shifted SACCH with two full rate TCHs
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Figure 11-2: Shifted SACCH with one full rate TCH and one half rate TCH
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Figure 11-3: Shifted SACCH with one full rate TCH and two half rate TCHs
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Figure 11-5: Shifted SACCH with four half rate TCHs

With the new TDMA frame mapping, more possibility is given to enhance the SACCH performance and thus maintain
the relative performance between SACCH and TCH in MUROS. For example, a SACCH frame on one MUROS sub
channel can now benefit from the DTX gains brought by the pairing MUROS sub channel. Furthermore, the network
can tune the SCPIR so that the MUROS sub channel carrying a SACCH frame has alarger portion of transmitted
power, therefore obtains improved SACCH performance.

The idea can be applied both in the uplink and in the downlink.
11.1.2 Performance Characterization

11.1.2.1 Link Level Performance

Link level simulations have been performed in three stages. First the degradation of SACCH performance due to the
introduction of MUROS is studied. Then the degradation of relative performance between SACCH and TCH due to the

introduction of MUROS is presented. Finally the performance of Shifted SACCH is shown both with different SCPIRs
andinDTX.

111211 Degradation of SACCH Performance introduced by MUROS
11.1.21.1.1 Simulation assumptions

The simulation assumptions are shown in Table 11-1.
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Table 11-1: Simulation assumptions of link performance

Parameter Value
Propagation Environment Typical Urban (TU)
Terminal speed 50 km/h
Freqguency band 900 MHz
Freqguency hopping No
Interference/noise MTS-1, MTS-2
Antenna diversity No

DARP receiver

VAR receiver (*)

Tx pulse shape

legacy linearized GMSK pulse shape

Trainning sequence

Existing sequence and new sequence

proposed in [11-2]

Channel type

SACCH

Interference modulation
type

GMSK

(*): The DARP receiver used for the smulation is Vector Autoregressive (VAR) receiver, whichis

apopular SAIC receiver.

11.1.21.1.2

SACCH Performance in MTS-1

SACCH TU50noFH DL MTS-1

—— SACCH_OSC_TU50 m SDCCH DARP spec point (TL'50noFH)‘

C/T (dB)

Figure 11-6: Interference performance of SACCH, MTS-1
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11.1.2.1.1.3 SACCH Performance in MTS-2

SACCH TU30noFH DI MTS-2

—— SACCH_OSC_TU50 m SDCCH DARP spec poim(TUBOnoFH)‘

FER

0.001

C/TI (dB)

Figure 11-7: Interference performance of SACCH, MTS-2

Figure 11-6 shows that the performance of SACCH in MUROS can not meet the requirement for a DARP receiver in
GSM specifications in the MTS-1 scenario. The degradation is 6dB. Figure 11-7 shows the result in MTS-2 scenario,
where the degradation is 4dB.

11.1.2.1.2 Degradation of Relative Performance between SACCH and TCH introduced by
MUROS
11.1.21.2.1 Simulation assumptions

The simulation assumptions are shown in Table 11-2. The performance has been normalized so that the reference
reaches 1% FER @ 0OdB.

Table 11-2: Simulation assumptions of link performance

Parameter Value

Propagation Environment Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping Ideal

Interference/noise MTS-2

Antenna diversity No

DARP receiver VAR receiver

Tx pulse shape legacy linearized GMSK pulse shape

Trainning sequence Existing sequence and new sequence
proposed in [11-2]

Channel type SACCH, TCH AFS4.75, TCH AHS4.75

Interference modulation GMSK and OSC

type
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11.1.2.1.2.2 Performance of SACCH and TCH in legacy DARP
Traffic Channel & ACCH Channel TU3iFH DI MTS-2 Traffic Channel & ACCH Channel TU3iFH DL MTS-2
—— AFS4. 75 DARP —— SACCH DARP —— AlIS4. 75 DARP —— SACCH DARP

FER

FER

1 _
C/11 (dB) C/11 (dB)

Figure 11-8: Performance of SACCH and AFS4.75/AHS4.75 in legacy DARP, MTS-2

11.1.2.1.2.3 Performance of SACCH and TCH in MUROS

Four scenarios A, B, C and D as shown in Table 11-3 are selected for evaluation. The first two scenarios use an SCPIR
value of 0, and the last two scenarios use an SCPIR value of -3dB (i.e. the power level of the wanted sub channel is 3dB
lower than that of the pairing sub channel).

Table 11-3: Scenario descriptions

A B C D

OSC_GMSKIntf 0SC_OSCIntf MUROS_-3dB_GMSKIntf MURQOS_-3dB_0OSCIntf

The performance curves are shown from Figure 11-9 to Figure 11-12.

Traffic Channel & ACCH Channel TU3iFH DL MTS 2 Traffic Channel & ACCH Channel TU3iFIl DL MTS 2

—— AFS4. 75 0SC —— SACCH 0SC —— AHS4. 75_0SC —— SACCH_0SC

TER

C/11 (dB) C/11 (dB) '

Figure 11-9: Performance of SACCH and AFS4.75/AHS4.75 in Scenario A, MTS-2
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Traffic Channel & ACCH Channel TU3iFIl DL MIS 2 Traffic Channel & ACCH Channel TU3iFH DI MTS-2

——AI'S4. 75 05C MUROSIntf —— SACCH 0SC MUROS Intf —— AHS4. 75_0SC_MUROSTnt.f —— SACCH_OSC_MUROSTnt.T

t
|
H
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= 5
‘ ]
v |
|
0.001 t
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C/T1 (dB) C/T1 (dB)
Figure 11-10: Performance of SACCH and AFS4.75/AHS4.75 in Scenario B, MTS-2
Traffic Channel & ACCH Channel TU3iFH DL MTS-2 Traffic Channel & ACCH Channel TU3iFH DL MTS 2
——AFS4.75 3dB ——SACCH 3dB —— AHS4. 75_—3dB —— SACCH_—3dB
1 ! —E 3
-E |
I I
0.1 B
E == ---]
28
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Figure 11-11: Performance of SACCH and AFS4.75/AHS4.75 in Scenario C, MTS-2
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Traffic Channel & ACCH Channel TU3iFH DI MTS-2 Traffic Channel & ACCH Channel TU3iFH DL MTS-2

——AIS1. 75 3dB OSCIntf ——SACOIL 3dB OSClntf [——AHS4, 75_~3dB_0SCInt — SACCH_-3dB_0SCInt(]

FER

0. 001 L L

2 0 2 1 6 8 10 i ,
C/T1 (dR) C/I1 (dB)

Figure 11-12: Performance of SACCH and AFS4.75/AHS4.75 in Scenario D, MTS-2

11.1.2.1.24 Performance Analysis

The relative performance between SACCH and AFSA.75/AHSA.75 in legacy DARP can be derived from Figure 11-8,
whilst the relative performance between SACCH and AFS4.75/AHSA.75 for scenario A, B, C and D can be respectively
derived from Figure 11-9 to Figure 11-12. These arelisted in Table 11-4 for AFS4.75 and Table 11-5 for AHSA.75. It
can be seen that the degradation of relative performance between SACCH and AHSA.75 can be up to 1.1dB (in scenario
D).

Table 11-4: Degradation of relative performance between SACCH and AFS4.75

Relative Degradation of
performance rfel aive
between per orr;1danq?h
compared wi
SACCHand | |y DARP
AFS4.75 .
*)
legacy DARP 6.6
scenario A 6.4 -0.2
scenario B 6.4 -0.2
scenario C 6.5 -0.1
scenario D 6.7 0.1

(*): A negative valuein this column indicates smaller (i.e. better) gap between SACCH
and TCH, whilst a positive value indicates larger (i.e. worse) gap between SACCH and TCH.

Table 11-5: Degradation of relative performance between SACCH and AHS4.75

Relative Degradation of

performance rfel aive
between performance
compared with

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 285 ETSI TR 145 914 V15.0.0 (2018-07)
SACCH and legacy DARP
AHSA.75 *)
legacy DARP 1.8
scenario A 1.9 0.1
scenario B 2.4 0.6
scenario C 1.9 0.1
scenario D 29 11

(*): A negative value in this column indicates smaller (i.e. better) gap between SACCH
and TCH, whilst a positive value indicates larger (i.e. worse) gap between SACCH and TCH.

11.1.2.1.3
11.1.21.3.1

Simulation assumptions

The simulation assumptions are shown in Table 11-6.

Performance of Shifted SACCH with different SCPIRs

Table 11-6: Simulation assumptions of link performance

Parameter

Value

Propagation
Environment

Typical Urban (TU)

Terminal speed 50 km/h
Frequency band 900 MHz
Frequency hopping No
Interference/noise MTS-1, MTS-2
Antenna diversity No

DARP receiver

VAR receiver

Tx pulse shape

legacy linearized GMSK pulse shape

Trainning sequence

Existing sequence and new sequence proposed

modulation type

in [11-2]
Channel type SACCH

TCH AHS5.9
Interference GMSK

11.1.21.3.2

SACCH Performance in MTS-1

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 286 ETSI TR 145 914 V15.0.0 (2018-07)

SACCH TUSOnoltl DI MTS-1

—— SACCH 0SC —8— SACCH +3dB
—8— SACCH +5dB —A— SACCH +7dB
m SDCCH DARP spec point

I'ER

C/T (dB)

Figure 11-13: Interference performance of SACCH, MTS-1

11.1.2.1.3.3 SACCH performance in MTS-2

SACCH TU50noFH DI MTS-2

—— SACCH_0SC —8— SACCH_+3dB
—8— SACCH +hdB —A— SACCH +7dB
m SDCCH DARP spec point

FER

C/11 (dB)

Figure 11-14: Interference performance SACCH, MTS-2
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TCH/AHS5.9 performance in MTS-1

11.1.21.34

TCH/AHS5. 9 TU50noFH DL MTS-1

offset-7dB_FER

B FER ——offset-3dB_FER —s—offset—5dB_FER

[
L
[

‘ —— off'set0d

15

14

13

¢/1 (dB)

Figure 11-15: Interference performance TCH/AHS5.9, MTS-1

TCH/AHS5.9 MUROS performance in MTS-2

11.1.2.1.3.5

TCH/AHS5. 9 TU50noFH DL MTS-2

| offset-7dB_FER

B_FER —e— offset—3dB_FFER —s— offset-5dB_FER

‘ —— of fsetOd

[
]
S

C/I1 (dB)

Figure 11-16: Interference performance TCH/AHS5.9, MTS-2

Performance analysis

11.1.2.1.3.6

Figure 11-13 and Figure 11-14 show the simulation results of the interference performance for SACCH with different
SCPIRs. Figure 11-15 and Figure 11-16 give the corresponding results for TCH/AHS5.9. Table 11-7 and Table 11-8

provide the C/I1 at FER

1% and the gain or loss compared with the case of 0dB SCPIR.
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MTS-1 MTS-2
SCPIR c/ Gain c/i Gain
(dB) (dB) (dB) (dB)

0dB 12.2 0 15.6 0
+3dB 10 2.2 14 1.6
+5dB 8.5 3.7 12.8 2.8
+7dB 7 5.2 12 3.6

Table 11-8: Interference performance of TCH/AHS5.9 @FER=1%

MTS-1 MTS-2
SCPIR ch1 Loss c/i1 Loss
(dB) (dB) (dB) (dB)
0dB 13.5 0 16 0
-3dB 13.9 0.4 16.2 0.2
-5dB 14 0.5 16.5 0.5
-7dB 14 05 16.7 0.7

It can be seen e.g. that in MTS-1 the performance of SACCH isimproved by 5.2dB given an SCPIR of 7dB, whilst the
TCH of the pairing sub channel only sees a dight degradation of 0.5dB.

11.1.2.1.4
111.21.4.1

Figure 11-17 illustrates how to calculate the performance improvement of Shifted SACCH in the case of DTX. Symbol
‘a denotes the relative performance between SACCH and TCH in legacy DARP when DTX is off. Symbol 'b' denotes

the relative performance between SACCH and TCH in MUROS when DTX is off. Symbol 'c' denotes the performance
improvement of DTX for TCH. Symbol 'd' denotes the performance improvement of SACCH when it's shifted and the

pairing sub channel isin DTX.

Performance of Shifted SACCH in DTX

Performance evaluation methods in DTX
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MUROS TCH no DTX — — — MUROS TCH DTX
MUROS SACCHno DTX — — — Shifted-SACCH DTX

legacy DARP TCH
legacy DARP SACCH

FERA

1%

Figure 11-17: Relative performance between SACCH and TCH with and without DTX

According to Figure 11-17 three quantities regarding the degradation of relative performance between SACCH and
TCH in MUROS are derived and explained as follows:

Degrad, ros prx_orr =P —@, when there's no Shifted SACCH, and DTX is off.
Degrad, ros prx_on =0 —a+C, when there no Shifted SACCH, and DTX ison.

Degradg,rrep sacen prx on =0 —a+C-d, when there's Shifted SACCH, and DTX ison.

It can be seen that the degradation is worsened by 'c' dB when DTX ison. But this can be improved by 'd' dB if Shifted
SACCH isintroduced. Since 'c-d' isless than 0 in some scenarios, the degradation introduced by both MUROS and

DTX might be completely compensated by Shifted SACCH, making Deg;;radSHl,__rE,lSACCHiDTxiON closetoO.

11.1.2.1.4.2 Simulation assumptions

The simulation assumptions are shown in Table 11-9. The TCH performance without DTX has been normalized so that
it reaches 1% FER @ C/11=0 dB. DTX was modelled by a Markov state model with an activity factor of 0.6 and an
average activity period of 1s. Scenario A as defined in Table 11-3 was selected to be simulated in MTS-1. Scenario D
was selected to be simulated in MTS-2.

Table 11-9: Simulation assumptions of link performance

Parameter Value

Propagation Environment Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping ideal

Interference/noise MTS-1, MTS-2

Antenna diversity No

DARP receiver VAR receiver

TX pulse shape legacy linearized GMSK pulse shape

Trainning sequence Existing sequence and new sequence
proposed in [11-2]

Channel type TCH AHS4.75, SACCH

Interference modulation GMSK, OSC

type

SCPIR 0, -3dB

DTX On/Off
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11.1.2.1.4.3

Legacy DARP TU3iFH DL DIS-1

—AHS4. 75 DARP —— SACCH DARP

ETSI TR 145 914 V15.0.0 (2018-07)

SACCH and AHS4.75 Performance in MTS-1

0SC TU3iFHl DL MTS-1

‘—AHS 1.75 noDTX — — AH54. 76 DIX ——SACCH nonDTX — — SACCH DIX

4 -2 0 2 4 6

C/11 (dB) /11 (dB)

Figure 11-18: Interference performance of SACCH and AHS4.75, Scenario A, MTS-1

11.1.2.1.4.4 SACCH and AHS4.75 performance in MTS-2

Legacy DARP TU3iFH DL DTS-2 MUROS TU31FH DL MTS-2

—— AHS4. 75_DARP —— SACCH_DARP ‘

ANS4, 75_-3dB_0SCInt £
——SACCH 3B 0SCIntf

— — AHS4, 75_-3dB_0SCIntf_DTY,
— — SACCH n3dB 0SCIntf DTX

1]

S b — —

- — L L L LI

/

L
|
|

1L
|
|

L L1

0.001 ~

¢/11 (dB)

C/11 (dB)

Figure 11-19: Interference performance of SACCH and AHS4.75, Scenario D, MTS-2

11.1.2.1.45 Performance analysis

Table 11-10 and Table 11-11 provide the relative performance between SACCH and AHS4.75 in MUROS, and the
degradation of relative performance compared with legacy DARP. It can be seen that the degradationisup to 1.3dB in
MTS-1 when DTX ison, but is reversed to be -0.1dB when Shifted SACCH is employed. In MTS-2 the results are
similar, where the degradation is up to 1.7dB when DTX is on, but is reduced to be only 0.1dB by Shifted SACCH.

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 291 ETSI TR 145 914 V15.0.0 (2018-07)

Table 11-10: Degradation of relative performance between SACCH and AHS4.75, MTS-1

Relative Degradation of
performance relative
between performance
SACCH and compared with
AHSA.75 legacy DARP
legacy DARP, no 18
DTX '
scenario A, DTX *
off 2.6 0.8 (*)
scenario A, DTX 31 13 (*%)
on
scenario A, DTX
on, with Shifted 17 -0.1 (***)
SACCH

(*): Degrad,, UROS DTX_OFF
(**): Degrad,, UROS DTX_ON

(***): DegradSHu-—rED_SACCH_DTx_ON

Table 11-11: Degradation of relative performance between SACCH and AHS4.75, MTS-2

Relative Degradation of
performance relative
between performance
SACCH and compared with
AHSA.75 legacy DARP
legacy DARP, 18
DTX off '
scenario D, DTX *
off 29 11 (%)
scenario D, DTX 35 17 (*%)
on
scenario D, DTX
on, with Shifted 1.9 0.1 (***)
SACCH

(*): Degrad,, UROS DTX_OFF
(**): Degrad,, UROS DTX_ON

(***): DegradSHu-—rED_SACCH_DTx_ON
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11.1.2.1.5 Performance of Shifted SACCH for VAMOS level Il and non-SAIC receivers
11.1.2.1.5.1 Simulation assumptions

The simulation assumptions are shown in Table 11-12. All simulation curves have been normalized so that the reference
reaches 1% FER @ C/11=0 dB. DTX was modelled by a Markov state model with an activity factor of 0.6.

The relative performance of SACCH refers to the performance gap between SACCH and the most robust TCH in half
rate channel AHS4.75 at 1% FER in this document.

Table 11-12: Simulation assumptions of link performance

Parameter Value

Propagation Environment Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping Ideal

Interference/noise MTS-2

Antenna diversity No

Receiver VAMOS level Il
Non-SAIC

TX pulse shape legacy linearized GMSK pulse shape

Trainning sequence Existing sequence and new sequence
proposed in [11-2]

Channel type TCH AHS4.75, SACCH

Interference modulation GMSK, OSC

type

SCPIR 0, -4dB, +4dB

DTX On/Off

11.1.2.1.5.2 VAMOS level Il receiver

SACCH & TCH TU3iFH DL MTS-2

—d-J=-F-F-=J=-F-F=-F=
d-J-f-pgZizz-az :E:‘
i et nil s Dt A
j_ﬂ::j;:::\:::j: | ——SACCH 0dB(SCPIR)
+ N | |

ﬂ‘f&:f‘riﬂrf**‘* ~| ———AHS4. 75_0dB (SCPIR)

E K ;f;——L—;ig E - = SACCH OdB(SCPIR) 0SCIntf
~ 5 - 3ot 2| - - - - AHS4. 75_0dB(SCPIR)_0SCIntt
i ; AN T e .

. 4 A SN e _ 4w L _| - @ - SACCH —4dB(SCPIR)
‘ ‘ ‘ ‘ »0 | AHSA, 75 ~4dB(SCPIR)
| | | | @ . | - @ - AHS4. 75 —4dB(SC
0.01 F==m=s=y=makc 1% EEE—=
Cozfz2-r-eEz|AD T T =T 3| - -& - SACCH_-4dB(SCPIR)_0SCIntf
R I I T - AR R
. %, S| - ok - AHSAT5 —AdB(SCPIR) 0SCInLT
N Co Iy T -1
| | | | e | | s |
0. 001 - A
-6 -4 -2 0 2 4 6 8 10

C/I1 (dB)

Figure 11-20: SACCH and TCH performance without shifted SACCH, DTX off
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SACCH & TCH TU3iFH DL MTS-2

——— SACCH 0dB(SCPTR)

1 - - - - SACCH 0dB(SCPTR) 0SCTntf
- -® - SACCH_-4dB(SCPIR)

- -k - SACCH -4dB(SCPTR) 0SCTntf
——— AHS4. 75 0dB(SCPTR), DTX on

0.1 - - - - AHS4. 75_0dB(SCPIR)_0SCIntf, DTX on
o - @ - AHS4. 75 ~4dB(SCPTR), DTX on
= - -k - AHS4. 75_~4dB_0SCIntf, DTX on
N ‘\ ~ |
'\ AR A
0.01 E-=-c-c-=3:-9
—_IZ — ___-J”°1
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|
0.001
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Figure 11-21: SACCH and TCH performance without shifted SACCH, DTX on

Table 11-13: Relative performance without shifted SACCH

Relative performance Relative performance
DTX off DTX on
0dB_GM SKIntf 3 33
0dB_OSClI ntf 23 2.6
-4dB_GM SKIntf 24 25
-4dB_OSCIntf 2.1 2.4
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Figure 11-22: SACCH and TCH performance with shifted SACCH, DTX off
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N 7: Lo — AHS4. 75_0dB(SCPIR), DTX on
0.1 Lo - SACCH_0dB (SCPTR)_0SCTntf, DTX on
=53 - AlIS4. 75_0dB(SCPIR)_0SCIntf, DTX on
E - :f - - @ - SACCIL—4dB(SCPIR), DX on
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Figure 11-23: SACCH and TCH performance with shifted SACCH, DTX on

Table 11-14: Relative performance with shifted SACCH

Relative performance Relative performance
DTX off DTX on

ETSI



3GPP TR 45.914 version 15.0.0 Release 15 295 ETSI TR 145 914 V15.0.0 (2018-07)

0dB_GMSKIntf 18 1.1
0dB_OSClIntf 2 1.6
-4dB_GM SK I ntf 2.6 1.8
-4dB_OSCIntf 2.3 1.7
11.1.2.1.5.3 Non-SAIC receiver
SACCH & TCH TU31iFH DL MIS-2 nonSALC SACCH & TCH TU3iFH DL MTS-2 nonSAIC

2311
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—— 84, 75_t4dB(SCPIR), dtx off
—— iS4, T5_+4dB(SCPIR}, dtx on

=1 - - - - SACCH_+4dB(SCPIR)_OSCInt
- - - - AHS4. 75 +4dB{SCPIR) OSCIntf,dtx un

— | == - - AHS4.75 +4dB(SCPIR) OSCIntf, dtx off

+
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Figure 11-24: SACCH and TCH performance without shifted SACCH

Table 11-15: Relative performance without shifted SACCH

Relative performance Relative performance
DTX off DTX on
+4dB_GM SKIntf 2.8 3
+4dB_OSClIntf 3.2 3.7
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Figure 11-25: SACCH and TCH performance with shifted SACCH, DTX on

Table 11-16: Relative performance with shifted SACCH

Relative performance

DTX on

+4dB_GMSKIntf 2.3

+4dB_OSCIntf 2.6

11.1.2.1.54 Shifted SACCH without DTX
VAMOS TCH TU3iKFH DL M1TS-2 VAMOS TCH TU3iFH DL MTS-2
[——AlIS5. 9 AdB(SCPLR) ——ALISE. 9 14dBTo0dB (SCPLR) | [——Al1S5. 9 1dB(SCPLR) —— ALISE. 9 11dBTo0dB (SCPLR) |

1

0.1 £

0.01

0. 001 : 0. 001

C/11 (dB) C/11 (dB)

Figure 11-26: Paired TCH degradation with shifted SACCH, DTX off, tuning SCPIR of SACCH
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11.1.2.1.55 Performance analysis

In order to evaluate the performance improvement of Shifted SACCH for VAMOS level |1 and legacy non-SAIC
receivers, the relative performance of legacy SAIC receiver in non VAMOS mode, 1.8 dB (see [11-7]), is chosen asthe
reference point. The following comparisons are between the reference point and the simulation results shown above.

Asshown in Table 11-13 and Table 11-14, comparing with the reference point, the relative performance degradation of
VAMOS level Il receiver without shifted SACCH is 0.6dB to 1.5dB while that with shifted SACCH is-0.7dB to 0dB.
The negative value here indicates an improvement on the relative performance.

Asshown in Table 11-15 and Table 11-16, comparing with the reference point, the relative performance degradation of
non-SAI C receiver without shifted SACCH is 1.2dB to 1.9dB while that with shifted SACCH is 0.5dB to 0.8dB.

Itisclear that shifted SACCH isahelpful solution to keep the relative performance of SACCH at the legacy non-
VAMOS level with the DTX gain.

Even without DTX shifted SACCH a so has some gains by tuning SCPIR of the SACCH frame. That meansa VAMOS
sub channel could have different SCPIRs between TCH and SACCH.

To take Figure 11-22 as an example, if SCPIR in TCH is-4dB and SCPIR in SACCH is 0dB, the relative performance
would be 0dB which is much less than that of alegacy SAIC receiver (1.8dB).

It may be argued that the performance of paired user will be degraded. It has also been considered in this evaluation. As
shown in Figure 11-26, if the paired user is a SAIC receiver, the degradation is only about 0.2dB. Even if the paired
user isanon-SAIC receiver, the degradation is no more than 1dB.

11.1.3 Impacts on the Mobile Station

At least one of the mobilesin a MUROS pair will need to support the Shifted SACCH concept.

11.1.3.1 Legacy mobile stations

The presented concept is compatible with legacy MS. No implementation impact is foreseen. In addition, it should be
noticed that the SACCH performance of alegacy mobile on one MUROS sub channel will obtain the same gains as that
of the mobile on the pairing sub channel where Shifted SACCH is employed.

11.1.3.2 Mobile stations supporting Shifted SACCH

A mobile station supporting Shifted SACCH shall support the new TDMA frame mapping and may be allocated on the
second MUROS sub channel. Changes to the scheduling of speech frames should be considered in the implementation,
although it is trivial. The support of Shifted SACCH must be signalled to the network, either by the indication of the
support of MUROS if Shifted SACCH is mandatory in MUROS or by a stand-alone indicator if Shifted SACCH is
optiona in MUROS.

The contents of measurement results are not affected by shifting the allocation of SACCH frames.

No impact on hardware implementation of the mobile station is foreseen.

11.1.4 Impacts on the BSS

The BTS transmitter and receiver shall support the new TDMA frame mapping.

The misalignment of SACCH frame numbers on the two MUROS sub channels should be taken into account. The BSS
may need to synchronize the measurement reports for both sub channels in order to perform sub channel power control.
This should be done both for the downlink and for the uplink. No other impact is foreseen on downlink power control.
For uplink power control, the PC commands for the two MURQOS sub channels may be jointly decided but will not be
sent out at the same time. Since the time difference is only several frames (e.g. one frame in Figure 11-2), and the power
control period istypically 1.5s, there's almost no impact on the performance of uplink power control.

The performance of TCH is fully maintained if there's no power imbalance. However, the BSS may assign a positive
SCPIR to the sub channel containing a SACCH frame. In this case the performance of SACCH is clearly improved but at
the same time the performance of TCH on the pairing sub channel will be dightly degraded (see 11.1.2.1.3).
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11.3 DTX-based Repeated SACCH (DRSACCH)

11.3.1 Concept Description

In DTX-based repeated SACCH (DRSACCH), the repetition of a SACCH block can be transmitted along with the
normal SACCH block within the same SACCH period (480 ms) when a MUROS subchannel isin DTX mode.
Therefore, DRSACCH can enhance SACCH performance without any delay of information (e.g., power control/timing
advance commands, system information and measurement reports, etc.) delivered by SACCH blocks.

11.3.1.1 Transmission of SACCH repetition

Similar to Repeated SACCH (RSACCH) [11.3-1], DRSACCH requires the transmitter to send an additional copy of a
SACCH block or a part of the full copy of a SACCH block (i.e., less than 4 bursts of a SACCH block) to the receiver.
However, unlike RSACCH in which transmission of a SACCH block and its repetition takes at least two SACCH
periods, DRSACCH transmits a SACCH block and its repetition within one SACCH period when the MUROS
subchannel isin DTX operation.

As shown below, in DRSACCH the repetition of a SACCH frame can be transmitted through a designated TDMA
frame only when the BSSisin DTX mode and the mobileisaVAMOS aware terminal for the downlink or when a
MUROS aware user which is assigned with a new training sequence enters the DT X mode for the uplink, and when this
TDMA frameis not used for any other purposes (i.e., thereis no collision between the SACCH repetition frame and the
SID frame for TCH/FS and TCH/HS, and between the SACCH repetition frame and the SID_FIRST, SID_UPDATE or
ONSET frame for TCH/AFS and TCH/AHS, etc.).

11.3.1.2 Process of SACCH repetition at receiver

Asin RSACCH, in DRSACCH the receiver shal first try to decode the received normal SACCH block without
combining any other data. If this first decoding fails, the receiver shall attempt to combine the received normal SACCH
block and the received potential SACCH repetition (which is obtained from the designated TDMA frames) to conduct
the second decoding. If the second decoding fails, Repeated SACCH may be activated as specified in [11.3-1].

Since SACCH repetitions are transmitted at the designated TDMA frames, unlike FACCH frames which are detected
with stealing bits, SACCH repetition frames do not need such a detection procedure. Similar to a normal SACCH block,
the potential copy of anormal SACCH block is simply generated by collecting data from those designated TDMA
frames.

11.3.1.3 SACCH mappings for MUROS
11.3.1.3.1 MURQOS 26-frame multiframe

Simply extending the legacy GSM traffic channel organization [11.3-2] yields the 26-frame multiframe structure for
MUROS asillustrated in Fig. 11.3-1 below, in which u and u' in full rate (FR) (similarly, ul and ul’; u2 and u2' in half
rate (HR)) denote a pair of MUROS usersin MUROS subchannel 0 and 1 respectively.

Note that in Fig. 11.3-1, the SACCH mappings only for the first 26-frame multiframe transmitting a part of a SACCH
block are presented. An encoded SACCH block is interleaved and mapped to four TDMA frames [11.3-3], and is
transmitted through four 26-frame multiframes in 480 ms [11.3-2]. SACCH mappings in the 2, 39 and 4" 26-
multiframe can be updated accordingly.
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FrameNo. |0 |1|2 |3 |4 5|6 |7 |8|9|10/11/12|{13|14|/15/16|17|18|19|20|21|22|23|24 |25
Sub 0 u|T|T|T|T|T|T|T|T|T|T|T|T|A|T|T|T|T|T|T|\T|T|T|T|T|T|I
Sub 1 v|\T|\T|)T7T|\T\7|T|\T|"T\T|T|T|T|A|T|T|\T|T|T|T|T|T|T|T|T|T|TI

(@) TCH/FS and SACCH/FS frames (u and u' denote a full rate VAMOS user pair)

Frame No. 0|1/2|3|4|5/6|7|8|9(10{11|12/13[{14|15|16|17|18|19|20|21|22|23|24|25

Sub0 |ul| T T T T T T Al T T T T T T

u2 T T T T T T T T T T T T |A2
Sub1 |ul'|T T T T T T AT T T T T ™

u2' T T T T T T T T T T T T |A2

(b) TCH/HS and SACCH/HS frames (ul and u2 (shaded) denote two half rate users in MUROS
Subchannel 0; ul' and u2' (shaded) denote two half rate users in MUROS Subchannel 1)

- T, T: TDMA framestransmitting TCH;
- A AL AL AT A2, A2 TDMA frames transmitting SACCH;
- 1, 1"idle TDMA frame.

Fig. 11.3-1: MUROS 26-frame multiframe structure.

11.3.1.3.2 MUROS SACCH repetition mappings in DRSACCH

The SACCH mappings in DRSACCH shown in Fig. 11.3-2 below are applicable only if al of the following conditions
are satisfied:

1) the MSis MUROS-capable (for UL an M S assigned with a new training sequence from TSC Set 2 (see
subclause 10.2) isrequired.);

2) the MUROS subchannel isin DTX mode;
3) thedesignated TDMA frame for transmission of SACCH repetition is not occupied for any other purposes.
Otherwise, the channel organization shown Fig. 11.3-1 above will be used.

A. for user u (full rate)

FrameNo. |0 |12 [3]a]5[6|7]8]0[10]/11][12][13]14][15]16]17]18]19]20]21 222324{25
Sub0 | u a A }l

B. for user u' (full rate)

FrameNo. |0 |1|2|3|/4|5|6|7|8|9|10(11]12|13|14|15(16|17|18[19|20|21|22|23 24’25
Sub 1 ‘u‘ a A ’I‘

C. for user ul (half rate)

FrameNo. |0 |1]2[3]a[5]6[7]8]910]11][12]13]14]15]16]17]18]19]20]21]22]23 24[25
Sub0 |uf all  |A1 [

D. for user u2 (half rate)

Frame No. \o 112 3\4\5 6‘7 8|9 10[11]12 13‘14 15‘16 17‘18‘19 20\21 22]23[24]25
Sub1 |u2 a2 A2
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E. for user ul' (half rate)

FrameNo. |0 |12 ]3]4]5]6|7]8|9]10]11[12]13]14[15]16[17]18[19]20]21]22]23 24(25
Sub1 |ur’ al'l  |AT' }

F. for user u2' (half rate)

-
w

Frame No. \o 1 2\3 4\5 6‘7 8‘9 10\11‘12 14‘15 16‘17 18‘19 20|21 22 23\24 25
Sub 1 ‘u2' a2' A2
- aa, al, al, a2, a2: TDMA framestransmitting SACCH repetition;

Fig. 11.3-2: MUROS SACCH repetition mappings in DRSACCH.

Note that to maximize the benefits from DTX operation, SACCH mappingsin DRSACCH is designed to avoid a
SACCH repetition frame in one MURQOS subchannel being paired with anormal SACCH frame, a shifted SACCH
frame (see subclause 11.1) or a SACCH repetition frame in the other MUROS subchannel. The normal SACCH frames
and the SACCH repetition framesin Fig. 11.3-2 are represented with the upper case and lower case |etters, respectively.

11.3.1.4 Compatibility

In DRSACCH, the TDMA frame arrangement for the TCH frames and the normal SACCH frames s preserved for both
MUROS subchannels as that in the legacy channel organization [11.3-2]. The introduction of DRSACCH does not
impact on the channel organization of legacy networks and mobile terminals. The transmitted SACCH repetition on one
MUROS subchannel does not impact on the performance of the normal SACCH block of both MUROS subchannels,
and on the speech performance on the same MUROS subchannel. As evaluated in subclause 11.3.3.1.7, the impact of
this SACCH repetition on the speech of the other MUROS subchannel is negligible.

Since the positions of the predefined TDMA frames that could be used to transmit SACCH repetition in DTX mode are
known by both transmitter and receiver, DRSACCH may not require any signalling to inform the DRSACCH capability
for both DL and UL.

Since the transmitter has knowledge on when the DTX operation starts and ends, it needs to further map a repeated
SACCH frame to a predefined TDMA frame during DTX operation. The receiver may conduct the second decoding by
combining the normal SACCH block and the potential SACCH repetition within one SACCH period. The decoding
complexity of DRSACCH is similar to that of RSACCH. When combined with Repeated SACCH, DRSACCH will
increase the complexity of both the network and the MS compared to the use of Repeated SACCH only.

11.3.1 Further SACCH Performance Enhancements

DRSACCH isindependent of RSACCH [11.3-1] and Shifted SACCH (SSACCH) (see subclause 11.1) schemes. It may
be combined with either (or both) of these two techniques for further SACCH performance enhancement.

11.3.21 Combination of DRSACCH and RSACCH

When combined with RSACCH, as shown in subclause 11.3.3 below, DRSACCH can further improve RSACCH
performance, reduce the delays for transmitting SACCH repetition in RSACCH, and therefore increase the SACCH
information throughput. With this combining scheme, the transmitter could send one normal SACCH block and three
copies of this SACCH block within two SACCH periods to increase the robustness of control channel.

11.3.2.2 Combination of DRSACCH and SSACCH

DRSACCH can aso be combined with SSACCH, which is applicable to MS supporting VAMOS 1, by re-organizing the
TCH frames and the normal SACCH frames accordingly. Transmission and receive of SACCH repetition in DRSACCH
are the same as described above.

The performance of the combination of DRSACCH with SSACCH and/or RSACCH is shown in subclause 11.3.3.
Significant throughput gains of SACCH information can be achieved with the combination of three SACCH
enhancement techniques compared to using RSACCH only.

Table 11.3-1 lists the potential combinations of SACCH performance enhancement techniques.
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Table 11.3-1 VAMOS SACCH enhancement techniques

VAMOS SACCH enhancements Expressions in short

Repeated SACCH RSACCH
Shifted SACCH SSACCH
DTX-based repeated SACCH DRSACCH

Combination of Shifted SACCH and DTX-
based RSACCH

Combination of Shifted SACCH and Repeated
SACCH

Combination of DTX-based repeated SACCH
and Repeated SACCH

Combination of Shifted SACCH, DTX-based
repeated SACCH, and Repeated SACCH

SSACCH + DRSACCH

SSACCH + RSACCH

DRSACCH + RSACCH

SSACCH + DRSACCH + RSACCH

11.3.1
11.33.1

Performance Characterization

Link Level Performance

Link level performance of AMR speech channels, SACCH and SACCH enhancements in the DL has been evaluated
through simulation for the interference limited scenario MTS-2, typical urban, terminal speed 3 knm/h, ideal frequency
hopping (TU3iFH) with speech codecs TCH/AFS4.75 and TCH/AHSA.75. The downlink receiver is assumed to be a
DARP Phase | terminal. Both DTX mode and non-DTX mode cases are evaluated. The DTX model used in the
simulations is as defined in subclause 5.1. Subchannel power imbalance ratio (SCPIR) values of -3 dB and 0 dB have
been investigated. For ease of evaluation, in MUROS mode, the performance of MUROS Subchannel 1 only isconsidered
except for subclause 11.3.3.1.6 in which the speech performance of MUROS Subchannel 0 is discussed.

Simulation assumptions are summarized in Table 11.3-2.

Table 11.3-2 Simulation assumptions for MUROS

Parameter

Value

Speech codecs

TCH/AFS4.75,
TCH/AHSA4.75

Control channels

SACCH, RSACCH, SSACCH, DRSACCH,
SSACCH+DRSACCH, SSACCH+RSACCH,
DRSACCH+RSACCH, SSACCH+ DRSACCH+RSACCH

Channel profile

Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping Ideal, Yes

Interference MTS-2, GMSK and QPSK modulated
TSC pair for VAMOS TSC-5 pair

Activity factor for DTX 0.6

Receiver SAIC

SCPIRs 0dB, -3dB

Subchannel MUROS subchannel 1 and 0
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11.3.3.1.1 Performance of TCH, SACCH and RSACCH in non-MUROS mode
. tux6p1-3km-900MHz-iFH-DTS-2-DARP
10° e I — — — e
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w
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-
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|
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Fig. 11.3-3: Performance of legacy TCH/AFS4.75, TCH/AHS4.75, SACCH and RSACCH

(DTS-2, GMSK modulated interference).

11.3.3.1.2 Performance of TCH, SACCH and RSACCH in MUROS mode

VAMOS-tux6p1-3km-900MHz-FH-MTS-2-GMSK-DARP-SCPIR=0dB
10 @—=¢ —tor—

m 7777777777

w

S

o FT--FEZ--FEZ--FE==%

w Eo--hk--okh-oookE-ooizoo

- Y

m T T
T
n —&— SACCH

10>3 —7— TCH/AHSA4.75 w/o DTX

O TCHIAHS4.75w/ DTX |- =~ =
—+— RSACCH

—— TCHIAFS4.75 wfo DTX
I TCH/AFS4.75 w/ DTX

10° 1 1 1 1
4 2 0 2 4

Fig. 11.3-4: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, GMSK modulated interference, SCPIR=0dB).
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Fig. 11.3-5: Performance of MUROS speech channels (with/without DTX) and control channel

BLER/FER

Fig. 11.3-6: Performance of MUROS speech channels (with/without DTX) and control channel
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10°
4 2 0 2 4
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VAMOS-tux6p1-3km-900MHz-FH-MTS-2-QPSK-DARP-SCPIR=0dB

—©— SACCH
—7— TCH/AHS4.75 w/o DTX
—+F— TCH/AHS4.75 w/ DTX
| —+— RSACCH

|| —— TCH/AFS4.75 w/o DTX
TCH/AFS4.75 w/ DTX

(MTS-2, QPSK modulated interference, SCPIR=0dB).
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VAMOS-tux6p1-3km-900MHz-FH-MTS-2-GMSK-DARP-SCPIR=-3dB

—7— TCH/AHS4.75wlo DTX| | o\ L\m
—H— TCH/IAHSA4.75 w/ DTX }
—+— RSACCH

—— TCHIAFS4.75 wlo DTX
I TCH/AFSA4.75 w/ DTX
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(MTS-2, GMSK modulated interference, SCPIR=-3dB).
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VAMOS-tux6pl-3km-900MHz-FH-MTS-2-QP SK-DARP-SCPIR=-3dB
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Fig. 11.3-7: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, QPSK modulated interference, SCPIR=-3dB).

11.3.3.1.3 Relative performance between TCH and SACCH in Non-MUROS and MUROS
modes
11.3.3.1.3.1 Results

The performance of speech channel at 1% FER and the performance of SACCH at 5% BLER are evaluated. Tables
11.3-3-11.3-7 list the relative C/1 values between speech channels and SACCH/RSACCH, which are collected from
Fig. 11.3-3to Fig. 11.3-7 respectively. Speech channel performanceis used as the reference.

Table 11.3-3 Relative C/I performance between TCH and SACCH (dB)
(DTS-2, GMSK modulated interference)

Codec Control Channel

(Non-MUROQOS)

SACCH RSACCH
TCH/AFS4.75 491 0.17
TCH/AHS4.75 -0.39 -5.13

Table 11.3-4 Relative C/l performance between TCH and SACCH (dB)

(MTS-2, GMSK modulated interference, SCPIR=0dB)

Codec Control Channel (MUROS)
TCH without DTX TCH with DTX
SACCH RSACCH SACCH RSACCH
TCH/AFS4.75 5.22 0.03 5.63 0.37
TCH/AHS4.75 -0.28 -5.53 0.19 -5.06
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Table 11.3-5 Relative C/l performance between TCH and SACCH (dB)

(MTS-2, QPSK modulated interference, SCPIR=0dB)

Control Channel (MUROS)

TCH without DTX TCH with DTX
Codec SACCH RSACCH SACCH RSACCH
TCH/AFS4.75 4.97 0.02 5.11 0.16
TCH/AHS4.75 -0.34 -5.28 0.0 -4.94

Table 11.3-6 Relative C/I performance between TCH and SACCH (dB)
(MTS-2, GMSK modulated interference, SCPIR=-3dB)

Control Channel (MUROS)

TCH without DTX TCH with DTX
Codec SACCH RSACCH SACCH RSACCH
TCH/AFS4.75 5.38 0.08 5.81 0.51
TCH/AHS4.75 -0.22 -5.52 0.59 -4.71

Table 11.3-7 Relative C/l performance between TCH and SACCH (dB)
(MTS-2, QPSK modulated interference, SCPIR=-3dB)

Codec Control Channl (MUROS)

TCH without DTX TCH with DTX

SACCH RSACCH SACCH RSACCH
TCH/AFS4.75 7.40 1.66 7.68 0.28
TCH/AHS4.75 -0.25 -5.27 0.18 -4.84

11.3.3.1.3.2 Discussion

These tables demonstrate that the performance imbalance between SACCH and TCH and between RSACCH and TCH
for non-MURQOS mode cannot be fully maintained for MUROS mode, respectively, especially when DTX ison. This
motivates the work for SACCH/RSACCH enhancement.

11.3.3.1.4 Impact of DTX operation on MUROS speech channels

Table 11.3-8 presents the MUROS speech channel performance gains (in dB) due to DTX operation. The TCH
performance without DTX operation is used as the reference. The datain Table 11.3-8 are obtained from Fig. 11.3-4 to
Fig. 11.3-7. Theresultsin thistable show that, in general, the TCH performance gains from DTX operation for the studied
AMR HR speech channel are larger than those for the AMR FR speech channel.

Table 11.3-8 Impact of DTX operation on MUROS TCHs

Codec GMSK modulated intf. QPSK modulated intf.
SCPIR=0 dB SCPIR=-3 dB SCPIR=0 dB SCPIR=-3 dB
TCH/AFS4.75 0.40 0.42 0.15 0.28
TCH/AHS4.75 0.47 0.81 0.33 0.43
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11.3.3.1.5 Performance of SACCH enhancement techniques in MUROS

11.3.3.1.5.1 Simulation

,  VAMOS-SACCH-enhancements-tux6p1-3km-900MHz-FH-MTS-2-GMSK-DARP-SCPIR=0dB
10 B—=

e e e sy |

BLER/FER
=
S)
T
|
|
|
|

—£— SSACCH

—&— DRSACCH
SSACCH+DRSACCH
102 | —+— TCH/AHSA4.75 w/ DTX
—#— RSACCH

SSACCH+RSACCH

—<&—DRSACCH+RSACCH ~ |_ T _ _ " _
—#— SSACCH+DRSACCH+RSACCH |_
—— TCHIAFS4.75 w/ DTX

10° 1 1 1 1 1
-2 0 2 4 6

Il (dB)

Fig. 11.3-8: Performance of MUROS AMR speech channels (with DTX), SACCH and

SACCH enhancements (MTS-2, GMSK modulated interference, SCPIR=0dB).
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Fig. 11.3-9: Performance of MUROS AMR speech channels (with DTX), SACCH and

SACCH enhancements (MTS-2, QPSK modulated interference, SCPIR=0dB).
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o VAMOS-SACCH-enhancement-tux6p1-3km-900MHz-FH-MTS-2-GMSK-DARP-SCPIR=-3dB
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Fig. 11.3-10: Performance of MUROS AMR speech channels (with DTX), SACCH and

SACCH enhancements (MTS-2, GMSK modulated interference, SCPIR=-3dB).
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Fig. 11.3-11: Performance of MUROS AMR speech channels (with DTX), SACCH and

SACCH enhancements (MTS-2, QPSK modulated interference, SCPIR=-3dB).

11.3.3.1.5.2 Discussion

Figs. 11.3-8 — 11.3-11 demonstrate that DRSACCH can further improve the RSACCH performance when it is
combined with RSACCH and/or SSACCH. SACCH performance gains considered at FER of 5% are shown in Table
11.3-9. RSACCH performance is considered as the reference. For the cases evaluated, the gains from the combination
of DRSACCH with RSACCH range from 0.48 dB to 0.6 dB; while the gains from the combination of DRSACCH with

SSACCH and RSACCH can be up to 1.5 dB.
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Table 11.3-9 (a) Performance gains with SACCH enhancements (GMSK modulated intf.)

ains @ FER of 5% (dB)
SACCH enhancements SCPIR=0dB IR=-3 dB
RSACCH 0 0
SSACCH + RSACCH 0.5 0.7
DRSACCH + RSACCH 0.55 0.6
SSACCH + DRSACCH + RSACCH 1.3 1.5

Table 11.3-9 (b) Performance gains with SACCH enhancements (QPSK modulated intf.)

pains @ FER of 5% (dB)
SACCH enhancements SCPIR=0 dB SCPIR=3 dB
RSACCH 0 0
SSACCH + RSACCH 0.07 0.21
DRSACCH + RSACCH 0.48 0.50
SSACCH + DRSACCH + RSACCH 0.74 0.90
11.3.3.1.6 Throughput of SACCH information

Inthe DL, aSACCH block transmits Layer 1 information such as power control (PC) and timing advance (TA) commands
as well as system information. Although DL Layer 1 information may change slowly, it could aso be updated with
SACCH block by block.

For the normal SACCH, SSACCH, DRSACCH and the combination of SSACCH and DRSACCH, one PC/TA command
is transmitted per SACCH block (using 480 ms); while for Repeated SACCH, based on [11.3-1], one PC/TA command
could be delivered through either one SACCH block, which resultsin the same BLER performance asthe normal SACCH,
or two consecutive SACCH blocks, which yields better performance but with delays of SACCH information update. This
isalso valid for the techniques which combine RSACCH with SSACCH and/or DRSACCH. Since adecision to transmit
a SACCH repetition for the DL may be implementation-dependent [11.3-1] at the BSS, two extreme cases for RSACCH
are considered to evaluate the throughput of SACCH information:

- RSACCH-1: If acurrent SACCH block cannot be correctly decoded by the M S, arepetition of this SACCH
block is transmitted by the BSS at the next SACCH period. Note that thisresultsin an ideal SACCH information
throughput by RSACCH by assuming that the BSS has a full knowledge that the SACCH decoding is successful
or not at the MS, and responds to this without any delay.

- RSACCH-2: One PC/TA command is always delivered through two SACCH blocks (using 960 ms).

11.3.3.1.6.1 Simulation results (GMSK modulated interference; SCPIR=0 dB)

Simulated average number of SACCH blocks to transmit one PC/TA command for SACCH and SACCH enhancement
techniques against C/I valuesisillustrated in Fig. 11.3-12. Common simulation assumptions are shown asin Table 11.3-
2.

Fig. 11.3-12 demonstrates that the average number of SACCK blocks for transmission one SACCH Layer 1 command
for RSACCH-1, and the combination of RSACCH-1 and SSACCH and/or DRSACCH consistently decreases with an
increase in C/I. The combination of RSACCH-1, SSACCH and DRSACCH vyields the least number of required SACCH
blocks, on average, for transmission of a PC/TA command among the SACCH enhancements which include the
RSACCH-1 scheme.
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Fig. 11.3-12: Average transmitted SACCH blocks per PC/TA command (GMSK modulated intf,

SCPIR=0 dB)

Fig. 11.3-13 shows the DL SACCH Layer 1 information throughputs (the number of Layer 1 PC/TA commands per
second) for SACCH, RSACCH, SSACCH and DRSACCH. This figure demonstrates that RSACCH-2 can improve the
legacy SACCH throughput at relatively low C/I values (C/l < 5 dB), but approaximtely haves the legacy SACCH
throughput at high C/I values; RSACCH-1, which is based on an ideal implementation, yields close or better
performance than RSACCH-2 at bad channel conditions, and close or better performance than the legacy SACCH at
good channel conditions. The performance of RSACCH-1 serves as a bound of the performance of RSACCH-2 and the
legacy SACCH. This figure demonstrates that either DRSACCH only or DRSACCH+SSACCH can yield close or
better SACCH information throughput than that of RSACCH.

25

15

0.5

Throughput of SACCH layer 1 information per second (1)

Fig. 11.3-13:

SACCH layer 1 information troughput, MTS-2, GMSK intf, SCPIR=0dB

SSACCH+DRSACCH
DRSACCH
SSACCH

RSACCH-1
RSACCH-2

C/l (dB)

Throughput of SACCH Layer 1 commands (SCPIR=0 dB) (1).

Fig. 11.3-14 illustrates the throughputs of SACCH Layer 1 commands for the combined SACCH enhancement
technigues. Combinations of RSACCH with SSACCH and/or DRSACCH yield better throughput performance than
RSACCH in all range of C/I values considered.
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Fig. 11.3-14: Throughput of SACCH Layer 1 commands (SCPIR=0 dB) (2).

SACCH information throughput gains of SACCH enhancement techniques against RSACCH and SACCH are evaluated
based on Fig. 11.3-13 and Fig. 11.3-14, and presented in Table 11.3-10 at C/I of 5 dB (at which from Fig.11.3-8, the
FER of TCH/AF4.75 isaround 1%). The throughputs of SACCH and RSACCH are considered as the referencesin the
table. This table shows that DRSACCH can yield better SACCH information throughput performance than RSACCH
and SACCH. When DRSACCH is combined SSACCH and/or RSACCH, it can further result in significantly
throughput gains against RSACCH and SACCH.

Table 11.3-10 SACCH information throughput gains of DRSACCH at the C/l of 5 dB (SCPIR=0 dB)

References
SACCH Enhancements SACCH RSACCH-1
DRSACCH 42% 4%
SSACCH + DRSACCH 66% 21%
DRSACCH + RSACCH-1 59% 11%
SSACCH + DRSACCH + RSACCH-1 76% 29%
11.3.3.1.6.2 Simulation results (GMSK modulated interference; SCPIR=-3 dB)

Similar to the evaluation discussed in Subsection 11.3.3.1.6.1, the average number of SACCH blocks to transmit one
PC/TA command for SACCH and SACCH enhancement techniques against C/l values and the corresponding DL
SACCH Layer 1 information throughputs (the number of Layer 1 PC/TA commands per second) are shown in Figs.
11.3-15 - 17 respectively for the cases of GM SK modulated interference and SCPIR being -3 dB.

Based on Fig. 11.3-16 and Fig. 11.3-17, SACCH information throughput gains of SACCH enhancement techniques
against RSACCH and SACCH arelisted in Table 11.3-11 at C/I of 7.75 dB (at which from Fig.11.3-10, the FER of
TCH/AFSA.75 is around 1%). Again, thistable confirms that DRSACCH can yield larger SACCH information
throughput than RSACCH and SACCH. Combination of DRSACCH with SSACCH and/or RSACCH can further result
in significantly throughput gains over RSACCH and SACCH.
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Table 11.3-11 SACCH information throughput gains of DRSACCH at the C/l of 7.75 dB (SCPIR=-3 dB)

References
SACCH Enhancements SACCH RSACCH-I
DRSACCH 35% 0.5%
SSACCH + DRSACCH 58% 23%
DRSACCH + RSACCH-1 47% 15%
SSACCH + DRSACCH + RSACCH-1 65% 29%

11.3.3.1.7

11.3.3.1.7.1 Simulation

Impact of SACCH enhancements on MURQOS speech channels

Figs. 11.3-18 — 21 evaluate the impact of SSACCH and DRSACCH on TCH performance on the other MUROS
subchannel. Simulation assumptions for this evaluation are shown asin Table 11.3-12. Since SSACCH and DRSACCH
result in similar impacts on the speech channels, only the evaluation of SSACCH is considered. Fig. 11.3-18 is shown
for the case of TCH/AFS4.75 and SCPIR = 0 dB. Results for other cases can be found in [11.3-8].

Table 11.3-12 Simulation assumptions for MUROS

Parameter

Value

Speech codecs

TCH/AFS4.75,
TCH/AHSA4.75

Control channels

SSACCH, SSACCH+DRSACCH

Channel profile

Typical Urban (TU)

Terminal speed 3 km/h

Frequency band 900 MHz

Frequency hopping Ideal, Yes

Interference MTS-2, GMSK modulated
TSC pair for VAMOS TSC-5 pair

Activity factor for DTX 0.6

Receiver SAIC

SCPIRs 0dB, -3dB

Subchannel MUROQOS subchannel 0

MUROS-TCH-AFS4p75-tux6p1-3km-900MHz-FH-MTS-2-GMSK-DARP-SCPIR=0dB

- — 1
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Fig. 11.3-18: Impact of SSACCH and/or DRSACCH on TCH/AFS4.75 (SCPIR=0dB).
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11.3.3.1.7.2 Discussion

The simulation results shown in Figs. 11.3-18 — 21 demonstrate that the performance impact on the TCH of the other
MUROS subchannel due to DRSACCH or SSACCH+DRSACCH is negligible. For al cases considered, the worst
TCH performance degradation which is due to the introduction of both SSACCH and DRSACCH is about 0.05 dB at
1% FER of speech channels.

11.3.3.2 Analysis of RLT counter for SACCH enhancements

11.3.3.2.1 Description

As defined in [11.3-4], in the DL radio link failure is determined by the radio link timeout (RLT) counter S at the MS,
whichisinitialized withaRADIO_LINK_TIMEOUT value . This counter is updated based on the success of decoding
of a SACCH block. The value of S increases by 2 (the maximum value of Sislimited to Sp) when the SACCH block
decoding succeeds or decreases by 1 (the minimum value of Siszero) when the SACCH block decoding fails. In asevere
channel environment, the value of S may reach zero with arelatively high probability followed by the declaration of radio
link failure.

The operation of S can be considered as a stochastic process and modeled as a Markov chain [11.3-5] with the states
representing the values of S, among of which one state (i.e., S=0) is an absorbing state. Subsection 11.3.3.2.2 analyzes
the expiration probability of RLT counter for SACCH and SACCH enhancements with this model. In Subsection
11.3.3.2.3, the smulated CDF performance of minimal RLT counter values is discussed.

In 45.008 [11.3-4], it isindicated that "In general the parameters that control the forced release should be set such that
the forced release will not normally occur until the call has degraded to a quality below that at which the majority of
subscribers would have manually released. This ensures that, for example, a call on the edge of a radio coverage area,
although of bad quality, can usually be completed if the subscriber wishes.”

In general, before handover an MSisin poor channel conditions. For ease of network management for handovers, some
AMR networks are required to work in poor C/I conditions [11.3-6]. An MS user in such situations may also mute the
phone waiting for handover rather than release the call connection.

In addition, based on AMR call quality measurements [11.3-7], even with some relatively high FER of the AMR codec,
the call quality measured with Mean Opinion Score (MOS) may diverse largely in general for a given FER of a speech
codeg, i.e., individual MS users may have different opinions based on their experiences and expectations on the calls.
Therefore, at low C/I conditions, some users may not drop the call manually.

In the following, the RLT characteristics are evaluated with consideration of FER of speech codecs in a range from 1%
to 25%.

Based on Fig. 11.3-8, Table 11.3-13 liststhe BLERSs of SACCH and some SACCH enhancement techniques for MUROS,
in which the BLER values in each FER/BLER column correspond to the FER of TCH/AFSA.75 specified on the top of
the same column. Similarly, Table 11.3-14 shows the BLERs of SACCH and some SACCH enhancement techniques for
TCH/AHSA.75. Since the BLER of SSACCH+RSACCH (or SSACCH) is very close to that of DRSACCH+RSACCH
(or DRSACCH), only DRSACCH+RSACCH (or DRSACCH) istaken into account in the following evaluation.

Table 11.3-13 BLERs of SACCH and SACCH enhancement techniques (TCH/AFS4.75)

Channels FER/BLER
TCH/AFS4.75 0.01 0.05 0.10 0.15 0.20 0.25
SACCH 0.52 0.75 0.84 0.89 0.91 0.94
RSACCH 0.070 0.24 0.38 0.49 0.58 0.66
DRSACCH +
RSACCH 0.045 0.16 0.28 0.38 0.45 0.54
SSACCH +
RSACCH 0.044 0.17 0.28 0.38 0.45 0.53
SSACCH +
DRSACCH + 0.024 0.096 0.17 0.25 0.32 0.39
RSACCH

Table 11.3-14 BLERs of SACCH and SACCH enhancement techniques (TCH/AHSA4.75)

Channels | FER/BLER
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TCH/AHS4.75 0.01 0.05 0.10 0.15 0.20 0.25
SACCH 0.057 0.20 0.33 0.44 0.53 0.60
SSACCH 0.035 0.14 0.24 0.33 0.40 0.47
DRSACCH 0.034 0.13 0.22 0.30 0.36 0.42
SSACCH +

DRSACCH 0.021 0.084 0.15 0.22 0.27 0.33

11.3.3.2.2 Expiration probabilities of RLT counter

In the following, the expiration probabilities of RLT counter vs call duration in terms of the number of SACCH periods
are evaluated in Figs. 11.3-22 — 24 for the case of TCH/AFSA4.75 (based on Table 11.3-13) and in Figs. 11.3-25 — 27 for
the case of TCH/AHSA.75 (based on Table 11.3-14) with consideration of initial RLT counter values being 16, 32, and
64 respectively.

11.3.3.2.2.1 Analytical results
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Fig. 11.3-22: Expiration probability of RLT counter vs call duration with initial RLT counter being 16
(TCH/AFSA4.75).
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Fig. 11.3-24: Expiration probability of RLT counter vs call duration with initial RLT counter being 64
(TCH/AFSA4.75).
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Fig. 11.3-27 Expiration probability of RLT counter vs call duration with initial RLT counter being 64
(TCH/AHSA4.75).

11.3.3.2.2.2 Discussion

Figs. 11.3-22 — 11.3-27 demonstrate that the parameters such as BLER of SACCH/SACCH enhancement techniques for
MUROS, call duration, and theinitial RLT counter value significantly impact the expiration probability of an RLT
counter. The expiration probability of the RLT counter increases with an increase in BLER of SACCH/SACCH
enhancement techniques and call duration, but with adecrease in theinitial RLT value.

At relatively high FER of TCH/AFS$4.75 such as 20% or 25%, the performance of the expiration probability of RLT
counter for RSACCH degrades significantly even for the initial RLT counter value being 64. The combination of
RSACCH with DRSACCH and/or SSACCH significantly reduces the possibility of expiration rate of RLT counter. The
combination of the three SACCH enhancement techniques yields almost zero expiration probability of RLT counter for
all parameters considered.

From Figs. 11.3-25 — 11.3-27, it can be observed that for the case of TCH/AH34.75, SACCH causes the RLT counter
expired for most call durations evaluated, especially when the FER of the speech channel isrelatively high or when the
initial RLT counter valueisrelatively low. However, DRSACCH or SSACCH+DRSACCH can significantly improve
the RLT performance without introducing any delay of SACCH information.

11.3.3.2.3 CDF of minimal RLT counter value

In addition to the characteristics of RLT counter expiration shown above, the statistics of minimal RLT counter values
for the MUROS SACCH enhancement techniques are also simulated given the FERs of TCH/AFS4.75in Table 11.3-11
and the FERs of TCH/AHSA.75 in Table 11.3-12, call duration, and theinitial RLT counter values. Each simulation point
was obtained by running 10000 calls. Notethat lower minimal RLT valuesindicate that radio link timeout may be declared
more often.
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11.3.3.2.3.1 Simulation results

The CDF curves of minimal RLT counter value are presented in Figs. 11.3-28 — 11.3-29 for TCH/AFS4.75 and in Figs.
11.3-30-11.3-31 for TCH/AHSA.75.

Fig. 11.3-28:
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Fig. 11.3-29: CDF of minimal RLT counter values (TCH/AHSA4.75, call duration: 400 SACCH periods).
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Fig. 11.3-30: CDF of minimal RLT counter values (TCH/AFS4.75, call duration: 200 SACCH periods).
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Fig. 11.3-31: CDF of minimal RLT counter values (TCH/AHSA4.75, call duration: 400 SACCH periods).

11.3.3.2.3.2 Discussion

Figs. 11.3-28 — 11.3-29 illustrate the significant improvement of minimum RLT counter statistics by combining
RSACCH with DRSACCH or with SSACCH and DRSACCH compared to RSACCH. Also asshownin Figs. 11.3-30 —
11.3-31, DRSACCH or the combination of SSACCH+DRSACCH improve the RLT statistics of SACCH. The larger
the FER of the AMR codec considered, the larger the benefits for the minimum RLT counter value using the new
SACCH enhancement techniques.
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12 Summary of Evaluation versus Objectives for each Candidate Technique

A number of candidate techniques have been proposed for MUROS and have been included in this Technical Report. This section lists a summary of the eval uation versus the
defined performance and compatibility objectivesin section 4 for each of the proposed candidate techniques.

12.1  Performance Objectives

Table 12-1: Evaluation against performance objectives

Performance Objectives Co-TCH Orthogonal Sub Channels Adaptive Symbol Higher Order Modulation
Constellation
P1: Capacity Improvements at |1} Two  users are 17 Upto 4 users are
the BTS multiplexed on the same expected to be multiplexed
1) increase vaice capacity of BTS  resources.  For pertimeslot.

GERAM in order of a factor of
two per BTS transceiver

2y channels under interest;
TCHIFS, TCHIHS, TCHIEFS,
TCHIAFS, TCHAHS and
TCHMIFS

P2: Capacity Improvements at
the air interface

1) enhance the voice capacity of
GERAM by means of
multiplexing at least two users
simultaneausly on the same
radio resource hoth in downlink
and in uplink

2y channels under interest;
TCHIFS, TCHIHS, TCHIEFS,
TCHIAFS, TCHAHS and
TCHMIFS

some BTS architectures
there might not he a HYW
efficiency gain.

1) Gains hawe heen shown by
system level simulations an DL
to be hetween 0% and 7E% in
GP-081632 dependent on the
system scenario and speech
codec investigated for OSC.
Gains wversus reference on top
have heen shown when utilizing
suh channel specific power
cantral in the range of 7% fo
16%. Further gains may be
possible by the usage of
optimized Tx pulse shape on
oL

Unclear/FFS

1) Gains have bheen shown
to he between 0 and 114 %
dependent on the system
scenario and speech coded
investigated for OSC. Gaing
in the range of 5.13% an top
hawve been obsened for
adaptive constellation
rotation  used for  new
MURDS capable MS. Further
enhancements  may he
passible when utilizing o-
QFSK and frequency
happing.

Expected to be
fulfilled.

ETSI
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12.2

Compatibility Objectives

C1: Maintainance of Voice Quality
1) voice guality should not decrease as perceived by
the user.

2y Awoice quality [evel hetter than for GEM HR should
be ensurad
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Table 12-2: Evaluation against compatibility objectives
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C2: Support of Legacy Mohile Stations
13 Support of legacy M3 wio implementation impact
2 First priarity on support of legacy DARP phase 1

terrninals, secand priofity on support of legacy GMSK

terminals not supporting DARP phase 1

C3: Implementation Impacts to new MS's
13 change MS hardware as little as possible.

2) Additional complexity in terms of processing power

and memaory should be keptto a minimum

13 Minimurm requirement is to support new training
sequences. Impact of new training sequences on
complexity and memory requirements is minimal

2) More advanced receiver implementations, such as
joint detection, can improve performance and this will
have impact on complexity and memory. Adaptive
pulse shaping may lead to additional complexity.

Orthegonal Sub Channels

Ty Minimurmn reguirement is to support new training
seguences. Impact of new training sequences on
camplexity and memary reguirements is minimal

2) More advanced receiver implementations, such as jaint
detection, can imprave perfarmance and this will have
impacton complexity and mermaory. For OSC anly 3 different
constellations are defined which may mitigate the additional
cornplexity. User diversity scheme proposed needs
additional timeslot hopping functionality.

Adaptive Symbel Constellation

1) Minimurn reguirernent is to support new training sequences
Impact of new training seguences on complexity and memory
regquiremments is minimal. Additional rotation (note that blind
modulation detection algorithms from EGPRS can be re-used)
need to be supported and hlindly detected by the mobile

2) More advanced receiver implementations, such as joint
detection, can improve perfarmance and this will have impact
an complexity and memory. Detection of one additional rotation
right add complexity and can be done inthe same way as in
modulation detection in EGPRS. Estimation of alpha is slightly
maore complex than the detection of one additional rotation.
Freguency hopping scheme proposed needs additional
fregquency hopping sequences

Higher Order Modulation for MUROS

UncleatFFS

1) With downlink power control using @PSK, both legacy non-
DARP MS and legacy -DARP phase | MS are expected o he
multiplexed for up to 2 users. Whilst 3 or 4 user allocation is
not compatible with legacy mobiles

2) Mon DARP terminals need to be studied at link and system
level.

1y Higher arder modulations need to he supparted in
downlink The impactis likely similar to that of EGPRS2-A It
regquires new LUser 1. Mewy uplink transmission
scheme other than GMSK needed. Additional complexity
introduced because of the downlink power control.

Cd: Implementation Impacts to BSS

13 Change BSS hardware as litle as possible and
HWi upgrades to the BSS should be avoided.

2) Any TR¥ hardware capable for MUROS shall
support legacy non-SAIC maobiles and SAIC mobiles
3y Impacts to dimensioning of resources on Abis
interface shall be minimised

Expected to be fulfiled

1) Depending on the implementation, 2 GMSHK
modulators or a flexible guarternary constellation
based modulatar is required on the transceiver
Adaptive pulse shaping needs additional complexity
JD or SIC for GMSK receiver needed

2) For EDGE capable BTS this is usually the case.
3) The capacity of the Abis interface needs to be
increased by up to a factor of 2 compared to full rate
channels

Expected to he fulfilled

1) Mo BTS HW change required in the transmitter, since
QPSK and 8-PSK are supported on EDGE capable BTS. JD
or SIC for GMSK receiver needed

2) For EDGE capable BTS this is usually the case

3) The capacity of the Abis interface needs to he increased
by up to a factor of 2 compared to full rate channels

Expected to be fulfilled

1) Linear modulator for alpha-QPEK, additional rotation
needed. JD or SIC for GMSK receiver needed

2y For EDGE capahble BTS this is usually the case. The suppaort
of Frequency hopping proposal depends on BTS architecture.
3) The capacity ofthe Abis interface needs to be increased by
up to a factor of 2 compared to full rate channels.

UncleanFFs

1) Higher arder Modulation transmitter needed as for
EGPRS2-A JDISIC receiver capable of receiving upto 2 QPSK
users simultaneously on the uplink needed. BTS needs
ehough pracessing powerto demodulate GMSK or QPSK on
up to 4 different resources simultaneously on uplink.

2) This depends on BTS architecture.

3) The capacity of the Abis interface needs to he increased by
up ta a factor of 4 compared to full rate channels.

C5: Impacts to Network Planning

1y Impacts to netwark planning and frequency reuse
shall be minimised

2y Impacts to legacy MS interfered on downlink by the
MUROS candidate technigue should be avoided in
case of usage of a wider transmit pulse shape on
downlink,

3y Furthermore investigations shall be dedicated into
the usage atthe hand edge, atthe edge of an
operator's band allocation and in country border
regions where no frequency coordination are in place

Expected to be fulfiled

1) Mo impact on frequency planning or freguency re-
use is foreseen

2) Awider Tx pulse shape has only been investinated
an link level. Bystern level simulations are needed to
investigate the impact of a wider pulse shape. Adaptive
pulse shaping using pulse shapes within the
spectrum mask may give further gains whilst
minimising the impact to other users

3) Ifawider pulse shape is fo be deployed itis not
expected to be used atthe edge of an operator's
freguency band

Expected to be fulfilled

1) Mo impact an frequency planning or freguency re-use is
foreseen

2) Awider T pulse shape has only heen investigated on link
lewel and systern level. Impacts on legacy M8 reception for
wider T+ pulse shape need to be further investigated

3) If a wider pulse shape is to be deployed itis not expected
to be used atthe edge of an operator's frequency band

Expected to be Fulfilled

1) Maoimpact on freguency planning or freguency re-use is
foreseen.

2) Awide pulse shape has only been investigated on link level
System level simulations are needed to investigate the impact
of awider pulse

3) If a wide pulse shape is to be deployed it is not expected to
he used atthe edge of an operator's frequency band.

Expected to be Fulfilled

1) Mo impact on frequency planning of freguency re-use is
foreseen

2) Awide pulse shape has not heen investigated.

3) Ifawide pulse shape isto be deployed itis not expected to
be used atthe edge of an aperatar's frequency band

Not Fulfilled

Unclear/FFS

Expected to be fulfilled.
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13 Conclusions

During the MUROS feasibility study, opened at GERAN#36, a number of candidate techniques have been investigated
that are aimed at increasing voice capacity of GERAN in the CS domain in order of afactor of two per BTS transceiver
by creating new types of speech traffic channelsin GERAN. These candidate techniquesincluded into this Technical
Report are described in chapter 6 to 9, namely

- Speech capacity enhancement using DARP (chapter 6).
- Orthogonal Sub Channels (chapter 7).

- Adaptive Symbol Constellation (chapter 8).

- Higher Order Modulations for MURQOS (chapter 9).

The four above listed candidate techniques were eval uated against the defined performance and compatibility objectives
defined in chapter 4. The evaluation against performance objectives isreflected in chapter 12 in Table 12-1 and against
compatibility objectivesin chapter 12 in Table 12-2. .

To summarize this evaluation it was seen that the second and the third candidate technique fulfill the performance and
compatibility objectives best, whilst the first three candidate techniques have major conceptual commonalities.

Among these three candidate techniques the Adaptive Symbol Constellation concept has been identified to include
technigues common to the co-TCH and the Orthogonal Sub Channels proposals. The solution for the uplink is identical
for these three concepts. Voice capacity isincreased by multiplexing two users simultaneously on the same radio
resource defined by a single time slot, specific ARFCN and specific sequence of TDMA frame numbers as defined for
full rate and half rate GSM speech channels.

Additional capacity enhancements have been identified through the evaluation of a number of spectrally wide transmit
pulse shapes to be used in downlink. The impact on legacy mobiles has been studied and for a number of the evaluated
pulse shapes no harmful degradation of voice services for those users has been observed (the pulse shapes for which the
impact was negligible were the Hann windowed RRC with 180 kHz, 220 kHz and 240 kHz bandwidths and the
numerically optimised Tx pulse OPT2). It is proposed to add a spectrally wide TX pulse shapeto VAMOS in order to
fully exploit these gains in network capacity with details of the TX pulse shape left to be specified under the VAMOS
work item.
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