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Foreword

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

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

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

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

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

During the UTRA standards development, the physical layer parameters will be decided using system scenarios,
together with implementation issues, reflecting the environments that UTRA will be designed to operate in.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present

document.

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

non-specific.

o For aspecific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.
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3 Definitions, symbols and abbreviations

3.1 Definitions
(void)

3.2 Symbols

(void)

3.3 Abbreviations

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

ACLR Adjacent Channel Leakage power Ratio
ACS Adjacent Channel Slectivity
MC Monte-Carlo
PC Power Control
4 General

The present document discusses system scenarios for UTRA operation primarily with respect to the radio transmission
and reception. To develop the UTRA standard, al the relevant scenarios need to be considered for the various aspects of
operation and the most critical cases identified. The process may then be iterated to arrive at final parameters that meet
both service and i mplementation requirements.

Each scenario has four clauses:
a) liststhe system constraints such as the separation of the MS and BTS, coupling loss,
b) liststhose parameters that are affected by the constraints;
¢) describes the methodology to adopt in studying the scenario;
d) liststheinputsrequired to examine the implications of the scenarios.

The following scenarios will be discussed for FDD and TDD modes (further scenarios will be added as and when
identified):

1) SingleMS, single BTS;
2) MStoMS;
3) MStoBS;
4) BStoMS;
5) BStoBS.

These scenarios will be considered for coordinated and uncoordinated operation. Parameters possibly influenced by the
scenarios are listed in TS 25.101, TS 25.102, TS 25.104 and TS 25.105. These include, but are not limited to:

- out of band emissions;
- spurious emissions,
- intermodulation rejection,;

- intermodul ation between MS;
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- reference interference level;
- blocking.

The scenarios defined below are to be studied in order to define RF parameters and to eval uate corresponding carrier
spacing values for various configurations. The following methodology should be used to derive these results.

Define spectrum masks for UTRA MS and BS, with associated constraints on PA.
Evaluate the ACP as afunction of carrier spacing for each proposed spectrum mask.

Evaluate system capacity loss as a function of ACP for various system scenarios (need to agree on power control
algorithm).

Establish the overall trade-off between carrier spacing and capacity loss, including considerations on PA constraints if
required. Conclude on the optimal spectrum masks or eventually come back to the definition of spectrum masks to
achieve a better performance/cost trade-off.

NOTE: Existence of UEs of power class 1 with maximum output power defined in TS 25.101 for FDD and in
TS 25.102 for TDD should be taken into account when worst case scenarios are studied.

4.1 Single MS and BTS

41.1 Constraints

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

4111 Frequency Bands and Channel Arrangement
Void.
4112 Proximity

Table 4.1: Examples of close proximity scenarios in urban and rural environments

Rural Urban
Building | Street pedestrian indoor

BTS antenna height, Hb (m) [20] [30] [15] [6] [2]
MS antennaheight, Hm (m) 15 [15] 15 15 15
Horizontal separation (m) [30] [30] [10] [2] [2]
BTS antenna gain, Gb (dB) [17] [17] [9] [5] [0]
MS antenna gain, Gm (dB) [0] [0] [0] [0] [0]
Path loss into building (dB)
Cable/connector Loss (dB) 2 2 2 2 2
Body Loss (dB) [1] [1] [1] [1] [1]
Path Loss - Antenna gain (dB)

Path lossis assumed to be free spacei.e. 38,25 +20 log d (m) dB, where d is the length of the sloping line connecting
the transmit and receive antennas.

Editor's note: This will be used to determine MCL.
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4.2 Mobile Station to Mobile Station

421 Near-far effect

a) System constraints

Dual mode operation of atermina and hand-over between FDD and TDD are not considered here, since the hand-over
protocols are assumed to avoid simultaneous transmission and reception in both modes.

The two mobile stations can potentially come very close to each other (less than 1m). However, the probability for this
to occur isvery limited and depends on deployment

TDD BS,

FDD BS; [¢

TDD BS,
e i L2 ST
|—|,

TDD BS,

TDD BS, lL/

[FoD BS,

FDD BS, lL/

[FoDMS, |- - - oo - FDD B
I—Sll "-‘----)|FDD MS, ke | S
Figure 4.1: Possible MS to MS scenarios

NOTE: Both MS can operatein FDD or TDD mode.
b) Affected parameters
[FDD and TDD] MS Out-of-band emissions.
[FDD and TDD] M S Spurious emissions.
[FDD and TDD] MS Blocking.
[FDD and TDD] MS Reference interference level.
¢) Methodology

The first approach is to calculate the minimum coupling loss between the two mobiles, taking into account a minimum
separation distance. It requires to assume that the interfering mobile operates at maximum power and that the victim
mobile operates 3 dB above sensitivity.

Another approach is to take into account the deployment of mobile stations in a dense environment, and to base the
interference criterion on:

- theactual power received by the victim mobile station;

- theactual power transmitted by the interfering mobile station, depending on power control.
This approach gives as aresult a probability of interference.
The second approach should be preferred, since the power control has a major impact in this scenario.
d) Inputsrequired

For the first approach, a minimum distance separation and the corresponding path lossis necessary. For the second
approach, mobile and base station densities, power control algorithm, and maximum acceptable probability of
interference are needed.

Minimum separation distance: 5 m[ for outdoor, 1 m for indoor].
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Mobile station density: [TBD in relation with service, cell radius and system capacity]

Base station density: [cell radius equal to 4 km for rural, 0,5 km for urban or 0,1 km for indoor].
Power control algorithm: [TBD].

Maximum acceptable probability of interference: 2 %.

€) scenariosfor coexistence studies

The most critical case occurs at the edge of FDD and TDD bands. Other scenarios need to be considered for TDD
operation in case different networks are not synchronised or are operating with different frame switching points.

FDD MS — TDD MS at 1 920 MHz (macro/micro, macro/pico).
TDD MS— FDD MSat 1 920 MHz (micro/micro, pico/pico).
TDD MS— TDD MS (micro/micro, pico/pico) for non synchronised networks.

These scenarios should be studied for the following services.

Table 4.2
Environment Services
Rural Macro Speech, LCD 144
Urban Micro/Macro [ Speech, LCD 384
Indoor Pico Speech, LCD 384, LCD 2 048

4.2.2 Co-located MS and intermodulation

a) System constraints

Close mobile stations can produce intermodulation products, which can fall into mobile or base stations receiver bands.
This can occur with MS operating in FDD and TDD modes, and the victim can be BS or M S operating in both modes.

Figure 4.2: Possible collocated MS scenarios

b) Affected parameters
[FDD and TDD] intermodulation between MS.

[FDD and TDD] MS and BS blocking.
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[FDD and TDD] MS and BS reference interference level.
¢) Methodology

Thefirst approach is to assume that the two mobile stations are collocated, and to derive the minimum coupling loss. It
requires to assume that both mobiles are transmitting at maximum power.

Another approach can take into account the probability that the two mobiles come close to each other, in a dense
environment, and to cal culate the probability that the intermodulation products interfere with the receiver.

The second approach should be preferred.

d) Inputsrequired

Minimum separation distance: 5 m[ for outdoor, 1 m for indoor]
Mobile station density: [TBD]

Base station density: [TBD in relation with M S density]

Power control algorithm: [TBD]

Maximum acceptable probability of interference: 2 %

4.2.3 Estimated UE Out of Band Blocking

In some cases, it is possible to determine the expected out of band blocking performance of the UE through the
examination of simple UE-to-UE interference scenarios. Thisis particularly true in the UE transmit band where the
performance of the duplexer in the receiver must be sufficient to protect the UE from it"s own transmitter as well as
from other nearby transmitters. During the development of the specifications for Band I, this method was used to derive
avalue for out of band blocking performance within the UE transmit band. However, as additional frequency bands
have been added to the UMTS specifications the blocking values were specified to be similar to Band | but did not
accurately reflect the actual transmit/receive duplex spacing for the additional bands.

For some bands it is assumed that only UMTS mobiles will be active in the UE transmit band. However, for other
bands (for example Band 11 and Band V) other technol ogies may also be deployed and may be transmitting near to the
UE. Intheanaysisbelow it is assumed that the UMTS UE is operating near its minimum sensitivity (i.e. <REFSENS>
+ 3 dB), the mobiles are separated by 1m, and that the antenna gain is 0 dBi for each device.

As an example, theimpact to aUMTS UE receiver due to nearby GSM and UMTS transmittersis cal culated below:

Table 4.2A
Band Il (1900 MHz) UMTS Tx GSM Tx Comment
UE Max Transmit Power (E)) 24 dBm 30 dBm
Free Space Loss (b) 38 dB 38 dB 1 meter
Body Loss (total) (c) 2dB 2dB From Table 4.1
Minimum Coupling Loss (MCL) (d)=(b)+(c) 40 dB 40 dB
Received Power Level (e)=(a)-(d) -16 dBm -10 dBm

In some cases, the body |osses may be higher due to the close proximity of the users head and also due to blockage of
the hand on the UE. For example, if body loss of 6 dB isincluded (3 dB per UE) then the blocking requirements
become -20 and -14 for UMTS and GSM interferers, respectively. If body lossisincreased to 12 dB (6 dB per UE)
then the blocking requirements become -26 and -20 dBm for UMTS and GSM interferers, respectively. For data-only
terminals there may be lower |osses as the body blockage would be reduced and the antenna gain may be higher.
Therefore, it is suggested to use -15 dBm as the UE receiver blocking level in the UE transmit band, similar to Band 1.

Similar results are shown below for Band V:
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Table 4.2B
Band V (850 MHz) UMTS Tx GSM Tx Comment
UE Max Transmit Power (E)) 24 dBm 33 dBm
Free Space Loss (b) 31dB 31dB 1 meter
Body Loss (c) 2dB 2dB From Table 4.1
Minimum Coupling Loss (MCL) (d)=(b)+(c) 33dB 33 dB
Received Power Level (e)=(a)-(d) -9 dBm 0dBm

As described above, the body |osses may be higher in some cases. Also, in general the body losses may be higher for
frequencies below 1 GHz as compared to the losses at 2 GHz. If body lossisincreased to 6 dB (3 dB per UE) then the
blocking requirements become -13 and -4 for UMTS and GSM interferers, respectively. If body lossisincreased to 12
dB (6 dB per UE) then the blocking requirements become -19 and -10 dBm for UMTS and GSM interferers,
respectively. Thus, for Band V it is suggested to also use -15 dBm as the UE receiver blocking level in the UE transmit
band.

4.3 Mobile Station to Base Station

a) System constraints

A mobile station, when far away from its base station, transmits at high power. If it comes close to a receiving base
station, interference can occur.

The separation distance between the interfering mobile station and the victim base station can be small, but not as small
as between two mobile stations.

Both the mobile and the base stations can operate in FDD and TDD modes, thus four scenarios are to be considered, as
shown in figure 4.3.

TODBS ¢ [foDMs------ 5585 k [ToD Ms)|
FODBS [FDD MS, |- ----- - [ToD Ms)|

. JrooBs k FDD MS,

|
R -)|TDD BS, |/r |
TODBS ¢ [TDD MS, |

. JrooBs k [FOD M,

FDD BS, |‘I/ ERIE

Figure 4.3: Possible MS to BS scenarios

b) Affected parameters

[FDD and TDD] MS Out-of-band emissions.
[FDD and TDD] M S Spurious emissions.

[FDD and TDD] BS Blocking.

[FDD and TDD] BS Reference interference level.
¢) Methodology

The first approach is to assume that the mobile station transmits at maximum power, and to make calculations for a
minimum distance separation. This approach is particularly well suited for the blocking phenomenon.

Another approach is to estimate the loss of uplink capacity at the level of the victim base station, due to the interfering
power level coming from adistribution of interfering mobile stations. Those mobile stations are power controlled. A
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hexagonal cell lay-out is considered for the BS deployment with specified cell radius. Large cell radius are chosen since
they correspond to worst case scenarios for coexistence studies.

The second approach should be preferred.

With both approaches two specific cases are to be considered.

Both base stations (BS,; and BS,) are co-located. This case occurs in particular when the same operator operates both
stations (or one station with two carriers) on the same HCS layer.

The base stations are not co-located and uncoordinated. This case occurs between two operators, or between two layers.
d) Inputsrequired
Minimum separation distance: [30 m for rural, 15 m for urban, 3 m for indoor].

Base station density: [cell radius equal to 4 km for rural/macro, 1,5 km for urban/macro, 0,5 km for urban/micro or
0,1 km for indoor/pico].

Interfering mobile station density: [TBD in relation with service, cell radius and system capacity].
Power control algorithm: [TBD].

Maximum acceptable loss of capacity: [10 %].
€) scenariosfor coexistence studies
Inter-operator guard band (uncoordinated deployment).
FDD macro/ FDD macro.

FDD macro/ FDD micro.

FDD macro/ FDD pico (indoor).

FDD micro/ FDD pico (indoor).

TDD macro/ TDD macro.

TDD macro/ TDD micro.

TDD macro/ TDD pico (indoor).

TDD micro/ TDD pico (indoor).

FDD macro/ TDD macro at 1 920 MHz.

FDD macro/ TDD micro at 1 920 MHz.

FDD macro/ TDD pico at 1 920 MHz.

FDD micro/ TDD micro at 1 920 MHz.

FDD micro/ TDD pico at 1 920 MHz.
Intra-operator guard bands.

FDD macro/ FDD macro (colocated).

FDD macro/ FDD micro.

FDD macro/ FDD pico (indoor).

FDD micro/ FDD pico (indoor).

TDD macro/ TDD macro.

TDD macro/ TDD micro.
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TDD macro/ TDD pico (indoor).

TDD micro/ TDD pico (indoor).

FDD macro/ TDD macro at 1 920 MHz.
FDD macro/ TDD micro at 1 920 MHz.
FDD macro/ TDD pico at 1 920 MHz.
FDD micro/ TDD micro at 1 920 MHz.
FDD micro/ TDD pico at 1 920 MHz.

These scenarios should be studied for the following services.

Table 4.3
Environment Services
Rural Macro Speech, LCD 144
Urban Micro/Macro [ Speech, LCD 384
Indoor Pico Speech, LCD 384, LCD 2 048

4.4 Base Station to Mobile Station

441 Near-far effect

a) System constraints

A mobile station, when far away from its base station, receives at minimum power. If it comes close to atransmitting
base station, interference can occur.

The separation distance between the interfering base station and the victim mobile station can be small, but not as small
as between two mobile stations.

Both the mobile and the base stations can operate in FDD and TDD modes, thus four scenarios are to be considered, as
shown in figure 4.4.

TODMS:K [TDD BS, TDD BS,

|
oSk [TDD BS,

FODMS. [FDD BS,

TODMSie [TDD BS,

7 Jroosk [FoD BS,

7 Jroosk [FoD BS,

FOD MS. ¢ [FoD BS,

Figure 4.4: Possible BS to MS scenarios
b) Affected parameters
[FDD and TDD] BS Out-of-band emissions.
[FDD and TDD] BS Spurious emissions.

[FDD and TDD] MS Blocking.
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[FDD and TDD] MS Reference interference level.
¢) Methodology

The first approach isto calculate the minimum coupling loss between the base station and the mobile, taking into
account a minimum separation distance. It requires to assume that the mobile is operating 3 dB above sensitivity.

The second approach isto take into account the deployment of mobile stations in a dense environment, and to base the
interference criterion on the actual power received by the victim mobile station. This approach gives a probability of
interference. An hexagonal cell lay-out is considered for the BS deployment with specified cell radius. Large cell radius
are chosen since they correspond to worst case scenarios for coexistence studies.

The second approach should be preferred.
d) Inputsrequired
Minimum separation distance: [30 m for rural, 15 m for urban, 3 m for indoor].

Base station density: [cell radius equal to 4 km for rural/macro, 1,5 km for urban/macro, 0,5 km for urban/micro or
0,1 km for indoor/pico].

Victim mobile station density: [TBD in relation with service, cell radius and system capacity].
Downlink power control algorithm: [TBD].

Maximum acceptable probability of interference: 2 %.
€) scenariosfor coexistence studies

Inter-operator guard band (uncoordinated deployment).
FDD macro/ FDD macro.

TDD macro/ TDD macro.

TDD macro/ FDD macro at 1 920 MHz.

Intra-operator guard bands.

FDD macro/ FDD micro.

TDD macro/ TDD micro.

TDD macro/ FDD macro at 1 920 MHz.

These scenarios should be studied for the following services.

Table 4.4
Environment Services
Rural Macro Speech, LCD 144
Urban Micro/Macro [ Speech, LCD 384
Indoor Pico Speech, LCD 384, LCD 2 048
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4472 Co-located Base Stations and intermodulation
a) System constraints

Co-located base stations can produce intermodulation products, which can fall into mobile or base stations receiver
bands. This can occur with BS operating in FDD and TDD modes, and the victim can be BS or MS operating in both
modes.

Figure 4.5: Possible collocated BS scenarios

b) Affected parameters

[FDD and TDD] intermodulation between BS.

[FDD and TDD] MS and BS blocking.

[FDD and TDD] MS and BS reference interference level.

¢) Methodology

The first approach isto set a minimum separation distance between the two interfering base stations and the victim.

Another approach can take into account the probability that the intermodulation products interfere with the receiver,
which does not necessarily receive at afixed minimum level.

The second approach should be preferred.

d) Inputsrequired

Minimum separation distance between the two BS and the victim: [30 m for rural, 15 m for urban, 3m for indoor].
Mobile station density: [TBD].

Base station density: [TBD in relation with MS density].

Power control algorithm: [TBD].

Maximum acceptable probability of interference: 2 %.

4.5 Base Station to Base Station

a) System constraints

Interference from one base station to another can occur when both are co-sited, or when they are in close proximity with
directional antenna. De-coupling between the BS can be achieved by correct site engineering on the same site, or by a
large enough separation between two BS.
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The base stations can operate either in FDD or TDD modes, as shown in Figure 4.6, but the scenarios also apply to co-
existence with other systems.

TODMSiK [TDD BS,

7 JopBs k TDD MS,

|
FDD M51|\|’ @l 7 JopBs k {TDD MS,
|

TDD MSIPI/ M . JopEs k FDD MS,

FDD MSlPL M 7 JrooEs k {FDD MS,

Figure 4.6: Possible BS to BS scenarios

b) Affected parameters

[FDD and TDD] BS Out-of-band emissions.
[FDD and TDD] BS Spurious emissions.

[FDD and TDD] BS Blocking.

[FDD and TDD] BS Reference interference level.
¢) Methodology

This scenario appears to be fixed, and the minimum coupling loss could be here more appropriate than in other
scenarios.

However, many factors are of statistical nature (number and position of mobile stations, power control behaviour, path
losses, ...) and a probability of interference should here again be preferred.

d) Inputsrequired

Minimum coupling between two base stations, that are co-located or in close proximity to each other: see sectin n
Antennato Antenna | solation.

Mobile station density: [TBD in relation with service, cell radius and system capacity].

Base station density: [cell radius equal to 4 km for rural/macro, 1,5 km for urban/macro, 0,5 km for urban/micro or
0,1 km for indoor/pico].

Uplink and downlink power control algorithm: [TBD].
Maximum acceptable probability of interference: 2 %.

€) scenariosfor coexistence studies

TDD BS — FDD BSat 1 920 MHz (macro/micro, macro/pico).

TDD BS — TDD BS (micro/micro, pico/pico) for non synchronised networks.
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These scenarios should be studied for the following services.

Table 4.5

Environment Services
Rural Macro Speech, LCD 144
Urban Micro/Macro [ Speech, LCD 384
Indoor Pico Speech, LCD 384, LCD 2 048

5 Methodology for coexistence studies FDD/FDD

5.1 ACIR

511 Definitions

51.1.1 Outage

For the purpose of the present document, an outage occurs when, due to a limitation on the maximum TX power, the
measured Eb/NO of a connection is lower than the Eb/NO target.

511.2 Satisfied user

A user is satisfied when the measured Eb/NO of a connection at the end of a snapshot is higher than a value equal to
Eb/NO target -0,5 dB.

5.1.1.3 ACIR

The Adjacent Channel Interference Power Ratio (ACIR) is defined as the ratio of the total power transmitted from a
source (base station or UE) to the total interference power affecting a victim receiver, resulting from both transmitter
and receiver imperfections.

51.2 Introduction

In the past, (seereference /1, 2, 3/) different simulators were presented with the purpose to provide capacity resultsto
evauate the ACIR requirements for UE and BS; in each of them similar approach to simulations are taken.

In the present document a common simulation approach agreed in WG4 is then presented, in order to evaluate ACIR
requirements for FDD to FDD coexistence analysis.
5.1.2.1 Overview of the simulation principles

Simulations are based on snapshots were users are randomly placed in a predefined deployment scenario; in each
snapshot a power control loop is simulated until Eb/NO target is reached; a simulation is made of several snapshots.

The measured Eb/NO is obtained by the measured C/I multiplied by the Processing gain

UE's not able to reach the Eb/NO target at the end of a PC loop are in outage; users able to reach at least (Eb/NO
-0,5 dB) at the end of a PC loop are considered satisfied; statistical data related to outage (satisfied users) are collected
at the end of each snapshot.

Soft handover is modeled allowing a maximum of 2 BTS in the active set; the window size of the candidate set is equal
to 3 dB, and the cellsin the active set are chosen randomly from the candidate set; selection combining is used in the
Uplink and Maximum Ratio Combining in DL.

Uplink and Downlink are simulated independently.
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51.3 Simulated scenarios in the FDD - FDD coexistence scenario
Different environments are considered: macro-cellular and micro-cellular environment.

Two coexistence cases are defined: macro to macro multi-operator case and macro to micro case.
5.1.3.1 Macro to macro multi-operator case

5.1.3.1.1 Single operator layout
Base stations are placed on a hexagonal grid with distance of 1 000 meters; the cell radiusisthen equal to 577 meters.
Base stations with Omni-directional antennas are placed in the middle of the cell.

The number of cellsfor each operator in the macro-cellular environment should be equal or higher than 19; 19 is
considered a suitable number of cells when wrap around technique is used.

950000
2020

Figure 4.7: Macro-cellular deployment

5.1.3.1.2 Multi-operator layout

In the multi-operator case, two base stations shifting of two operators are considered:
- (worst case scenario): 577 m base station shift;
- (intermediate case): 577/2 m base station shift selected.

The best case scenario (0 m shifting = co-located sites) isNOT considered.
5.1.3.2 Macro to micro multi-operator case

5.1.3.21 Single operator layout, microcell layer
Microcell deployment is a Manhattan deployment scenario.

Micro cell base stations are placed to Manhattan grid, so that base stations are placed to street crossings as proposed in
/6/. Base stations are placed every second junction, see Figure 4.8.Thisis not avery intelligent network planning, but
then sufficient amount of inter cell interference is generated with reasonable low number of micro cell base stations.

The parameters of the micro cells are the following:
- Dblock size=75m,;
- road width=15m;
- intersite distance between line of sight = 180 m.

The number of micro cellsin the micro-cellular scenario is 72.
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Figure 4.8: Microcell deployment

5.1.3.2.2 Multi-operator layout

The microcell layout is as it was proposed earlier (72 BSsin every second street junction, block size 75 meters, road
width 15 meters); macro cell radiusis 577 meters (distance between BSsis 1 000 meter).

Cellular layout for HCS simulationsis as shown in figure 4.9. This layout is selected in order to have large enough
macro cells and low amount number of microcells so that computation times remain reasonable. Further, macro cell
base station positions are selected so that as many conditions as possible can be studied (i.e. border conditions etc.), and
handovers can always be done.

When interference is measured at macro cell base stations in uplink, same channel interference is measured only from
those users connected to the observed base station. The measured same channel interference is then multiplied by 1/F. F
istheratio of intra-cell interference to total interferencei.e.:

F = linga)/( linga(i) + limer(i))

F is dependant on the assumed propagation model, however, several theoretical studies performed in the past have
indicated that atypical valueisaround 0.6. An appropriate value for F can aso be derived from specific macrocell-only
simulations. Interference from micro cellsto macro cell is measured by using wrap-around technique. Interference that
amacro cell base station receivesis then:

I = ACIR* I g + (1”:) *macros

where ACIR is the adjacent channel interference rejection ratio, and |40 1S Same channel interference measured from
users connected to the base station.

When interference is measured in downlink, same channel and adjacent channel interference is measured from all base
stations. When interference from micro cellsis measured wrap-around technique is used.

When interference is measured at micro cellsin uplink and downlink, same channel and adjacent channel interferenceis
measured from all base stations. When same channel interference is measured wrap-around is used.

When simulation results are measured al micro cell users and those macro cell users that are area covered by micro
cells are considered. It is also needed to plot figures depicting position of bad quality calls, in order to see how they are
distributed in the network. In addition, noise rise should be measured at every base station and from that dataa
probability density function should be generated.
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Figure 4.9: Macro-to micro deployment

5.1.3.3 Services simulated
The following services are considered:

- speech 8 kbps;

- data 144 kbps.

Speech and data services are simulated in separate simulations, i.e. no traffic mix is simulated.

514 Description of the propagation models
Two propagation environments are considered in the ACIR analysis; macro-cellular and micro-cellular.

For each environment a propagation model is used to evaluate the propagation path loss due to the distance;
propagation models are adopted from /5/ and presented in the following clauses for macro and micro cell environments.

5.14.1 Received signal

An important parameter to be defined is minimum coupling loss (MCL), i.e.: what is the minimum lossin signal due to
fact that the base stations are always placed much higher than the UE(s).

Minimum Coupling Loss (MCL) is defined as the minimum distance loss including antenna gain measured between
antenna connectors; the following val ues are assumed for MCL.:

- 70dB for the Macro-cellular environment;

- 53 dB for the Microcell environment.
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With the above definition, the received power in Down or Uplink can be expressed for the macro environment as:
RX_PWR=TX_PWR - Max (pathloss macro- G_Tx - G_RX, MCL)
and for the micro as:
RX_PWR =TX_PWR - Max(pathloss micro-G_Tx - G_RX , MCL)
where;
- RX_PWRisthereceived signal power;
- TX_PWRisthetransmitted signal power;
- G_TxistheTx antennagain;
- G_RXisthe Rx antennagain.

Within simulationsit is assumed 11 dB antenna gain (including cable losses) in base station and 0 dB in UE.

5.1.4.2 Macro cell propagation model

Macro cell propagation model is applicable for the test scenariosin urban and suburban areas outside the high rise core
where the buildings are of nearly uniform height /5/.

L= 40(1-4x10-3Dhb) Log10(R) -18Log10(Dhb) + 21Log10(f) + 80 dB.
Where:
- Risthebase station - UE separation in kilometers;
- fisthe carrier frequency of 2 000 MHz;
- Dhb isthe base station antenna height, in meters, measured from the average rooftop level.

The base station antenna height is fixed at 15 meters above the average rooftop (Dhb = 15 m). Considering a carrier
frequency of 2000 MHz and a base station antenna height of 15 meters, the formula becomes:

L = 128.1 + 37.6 Logl0(R)

After L is calculated, log-normally distributed shadowing (LogF) with standard deviation of 10 dB should be added, so
that the resulting pathloss is the following:

Pathloss_macro =L + LogF

NOTE 1: L shall in no circumstances be less than free space |oss. This model isvalid for NLOS case only and
describes worse case propagation.

NOTE 2: The path loss model isvalid for arange of Dhb from 0 to 50 meters.
NOTE 3: Thismodel is designed mainly for distance from few hundred meters to kilometers, and there are not very
accurate for short distances.
5.1.4.3 Micro cell propagation model

Also the micro cell propagation model is adopted form /5/. This model is to be used for spectrum efficiency evaluations
in urban environments modelled through a Manhattan-like structure, in order to properly evaluate the performancein
microcell situations that will be common in European cities at the time of UMTS deployment.

The proposed model is arecursive model that calculates the path loss as a sum of LOS and NLOS segments. The
shortest path along streets between the BS and the UE has to be found within the Manhattan environment.

The path lossin dB is given by the well-known formula:

4rd,

L =20-log;q
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Where:
- dnisthe"illusory" distance;
- |l isthe wavelength;
- nisthe number of straight street segments between BS and UE (along the shortest path).

Theillusory distance is the sum of these street segments and can be obtained by recursively using the expressions
kn =Kn_1+dn_1-C and d,, =K, - s,_1 +d,,_1 where cisafunction of the angle of the street crossing. For a 90° street
crossing the value ¢ should be set to 0,5. Further, sn-1 isthe length in meters of the last segment. A segment isa

straight path. Theinitial values are set according to: kO isset to 1 and dOis set to 0. Theillusory distance is obtained as
the final dn when the last segment has been added.

The model is extended to cover the micro cell dual slope behavior, by modifying the expression to:

4nd .
L = 20-logy( ;Ln'D(JZ;Sj—l))-

Where:

D(x) = X Xgr , X > X '
LX< Xy

Before the break point xbr the dopeis 2, after the break point it increasesto 4. The break point xbr is set to 300 m. x is
the distance from the transmitter to the receiver.

To take into account effects of propagation going above rooftopsit is also needed to cal cul ate the pathloss according to
the shortest geographical distance. Thisis done by using the commonly known COST Walfish-lkegami Model and with
antennas below rooftops:

L =24 + 45 |og (d+20).
Where:
- disthe shortest physical geographical distance from the transmitter to the receiver in metros.

The final pathloss value is the minimum between the path |oss value from the propagation through the streets and the
path loss based on the shortest geographical distance, plusthe log-normally distributed shadowing (LogF) with
standard deviation of 10 dB should be added:

Pathloss_micro = min (Manhattan pathloss, macro path loss) + LogF.
NOTE: Thispathloss model isvalid for microcell coverage only with antennalocated below rooftop. In case the
urban structure would be covered by macrocells, the former pathloss model should be used.
5.1.5 Simulation description
Uplink and Downlink are simulated independently, i.e. one link only is considered in a single simulation.

A simulation consists of several simulation steps (snapshot) with the purpose to cover alarge amount of all the possible
UE placement in the network; in each simulation step, a single placement (amongst all the possible configuration) of the
UEs in the network is considered.
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5.15.1 Single step (snapshot) description

A simulation step (snapshot) constitutes of mobile placement, pathloss cal culations, handover, power control and
statistics collecting.

In particular:

- at the beginning of each simulation step, the UE(s) are distributed randomly across the network, according to a
uniform distribution;

- for each UE, the operator ( in case of macro to macro simulation) is selected randomly, so that the number of
users per base stations is the same for both operators;

- after the placement, the pathloss between each UE and base station is cal culated, adding the lognormal fading,
and stored to a so-called G-matrix (Gain matrix).

Distance attenuation and lognormal fading are kept constant during the execution of a snapshot.

- Based on the Gain Matrix, the active base stations (transmitting base stations) are selected for each UE based on
the handover algorithm.

- Then astabilization period (power control loop) is started; during stabilization power control is executed so
long that the used powers reach the level required for the required quality.

During the power control loop, the Gain Matrix remain constant.
- A sufficient number of power control commands in each power control loop is supposed to be higher than 150.
- At theend of apower control loop, statistical data are collected; UEs whose quality is below the target are
considered to be in outage; UEs whose quality is higher the target -0,5 dB are considered to be satisfied.
5.1.5.2 Multiple steps (snapshots) execution

When asingle step (snapshot) is finished, UE(Ss) are re-located to the system and the above processes are executed
again. During a simulation, as many simulation steps (snapshots) are executed as required in order to achieve sufficient
amount of local-mean-SIR values.

For 8 kbps speech service, a sufficient amount of snapshots is supposed to be 10 000 values or more; for data service, a
higher number of snapshot is required, and a sufficient amount of snapshots is supposed to be 10 times the value used
of 8 kbps speech.

As many local-mean-SIR values are obtained during one simulation step (snapshot) as UE(s) in the simulation. Outputs
from asimulation are SIR-distribution, outage probability, capacity figures etc.
5.1.6 Handover and Power Control modelling

5.1.6.1 Handover Modelling

The handover model is anon-ideal soft handover. Active set for the UE is selected from a pool of base stations that are
candidates for handover. The candidate set is composed from base stations whose pathloss is within handover margin,
i.e.: base stations whose received pilot is stronger than the received pilot of the strongest base station subtracted by the
handover margin.

A soft hand-over margin of 3 dB is assumed.

The active set of base stations is selected randomly from the candidate base stations; a single UE may be connected to
maximum of 2 base stations simultaneoudly.

5.1.6.1.1 Uplink Combining

In the uplink, selection combining among active base stations is performed so that the frame with highest average SIR
isused for statistics collecting purposes, while the other frames are discarded.
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5.1.6.1.2 Downlink Combining

In the downlink, macro diversity is modelled so that signal received from active base stations is summed together;
maximal ratio combining is realized by summing measured SIR values together:

l;+N I,+N
5.1.6.2 Power Control modelling of traffic channels in Uplink
Power control isasimple SIR based fast inner loop power control.

Perfect power control is assumed, i.e.: during the power control loop each UE perfectly achieve the Eb/NO target,
assuming that the maximum TX power is not exceeded; with the assumption of perfect power control, PC error is
assumed equal to 0 %, and PC delay isassumed to be O s.

UEs not able to achieve the Eb/NO target at the end of a power control loop are considered in outage.

Initial TX power for the PC loop of UL Traffic Channel is based on path |loss, thermal noise and 6 dB noiseriseg;
however, the initial TX power should not affect the convergence process (PC loop) to the target Eb/NO.

5.1.6.2.1 Simulation parameters
UE Max TX power:

The maximum UE TX power is 21 dBm (both for speech and data), and UE power control range is 65 dBm; the
minimum TX power istherefore -44 dBm.

Uplink Eb/NO target (form RTT submission);
- macro-cellular environment; speech 6,1 dB, data 3,1 dB;

- micro-cellular environment: speech 3,3 dB, data 2,4 dB.

5.1.6.2.2 SIR calculation in Uplink

Local-mean SIR is calculated by dividing the received signal by the interference, and multiplying by the processing
gain. Signals from the other users are summed together and seen as interference. Signal-to-interference-ratio will be:

_ GP.S
S'RJL_(l—ﬁH

om F I otHER ' No
Where Sisthe received signal, Gp is processing gain, lown isinterference generated by those users that are connected
to the same base station that the observed user, |other isinterference from other cells, No isthermal noiseand 3 isan
interference reduction factor due to the use of, for example, Multi User Detection (MUD) in UL.

MUD is NOT included in these simulations, therefore § = 0.

Thermal noiseis calculated for 4.096 MHz band by assuming 5 dB system noise figure. Thermal noise power isthen
equal to -103 dBm.

In the multi-operator case, lother aso includes the interference coming from the adjacent operator; the interference
coming from the operator operating on the adjacent is decreased by ACIR dB.

5.1.6.2.3 Admission Control Modelling in Uplink

Admission control is not included in this kind of simulation.
5.1.6.3 Power Control modelling of traffic channels in Downlink

Power control isasimple SIR based fast inner loop power control.
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Perfect power control is assumed, i.e.: during the power control loop each DL traffic channel perfectly achieve the
Eb/NO target, assuming that the maximum TX power is not exceeded; with the assumption of perfect power control, PC
error is assumed equal to 0 %, and PC delay isassumedto be O s.

UEs whose DL traffic channel is not able to achieve the Eb/NO target at the end of a power control loop are considered
in outage.

Initial TX power for the PC loop of DL Traffic Channel is chosen randomly in the TX power range; however, the initial
TX power should not affect the convergence process (PC loop) to the target Eb/NO.

5.1.6.3.1 Simulation parameters
Traffic channel TX power:

Working assumption for DL traffic channel power control range is 25 dBm, and the maximum power for each DL
traffic channel is (both for speech and data) the following:

- Macro-cellular environment: 30 dBm;
- Micro-cellular environment: 20 dBm.
Downlink Eb/NO target (from RTT submission):
- macro-cellular environment: speech 7,9 dB, data 2,5 dB with DL TX or RX diversity, 4,5 dB without diversity;
- micro-cellular environment: speech 6,1 dB, data 1,9 dB with DL TX or RX diversity.

5.1.6.3.2 SIR calculation in Downlink

Signal-to-interference-ratio in Downlink can be expressed as:

SR

@ | own F I OTHER " No

Where Sisthereceived signal, Gp is processing gain, lown isinterference generated by those users that are connected
to the same base station that the observed user, lother isinterference from other cells, o is the orthogonality factor and
No isthermal noise. Thermal noiseis calculated for 4.096 MHz band by assuming 9 dB system noise figure. Thermal
noise power isthen equal to -99 dBm.

lown includes also interference caused by perch channel and common channels.
Transmission powers for them arein total:

- macrocells: 30 dBm;

- microcells: 20 dBm.

The orthogonality factor takes into account the fact that the downlink is not perfectly orthogonal due to multipath
propagation; an orthogonality factor of O corresponds to perfectly orthogonal intra-cell users while with the value of 1
theintra-cell interference has the same effect asinter-cell interference.

Assumed values for the orthogonality factor alphaare/1:
- macrocells: 0,4;
- microcells: 0,06.

In the multi-operator case lother also includes the interference coming from the adjacent operator; the interference
coming from the operator operating on the adjacent is decreases by ACIR dB.

5.1.6.3.3 Admission Control Modelling in Downlink

Admission control is not included in this kind of simulation.

ETSI



3GPP TR 25.942 version 10.0.0 Release 10 31 ETSI TR 125 942 V10.0.0 (2011-05)

5.1.6.3.4 Handling of Downlink maximum TX power

During WG4#2 theissue of DL BS TX power limitation was addressed, i.e.: the case when the sum of all DL traffic
channelsin a cell exceeds the maximum base station TX power.

The maximum base station TX power are the following:
- macrocells: 43 dBm;
- microcells: 33 dBm.

If in the PC loop of each snapshot the overall TX power of each BSis higher than the Maximum Power allowed, at a
minimum for each simulation statistical data related to this event have to be collected to validate the results; based on
these results, in the future a different approach could be used for DL.

The mechanism used to maintain the output level of the base station equal or below the maximum is quite similar to an
analogue mechanism to protect the power amplifier.

At each iteration, the mobiles request more or less power, depending on their C/I values. A given base station will be
requested to transmit the common channels and the sum of the TCHsfor al the mobilesit isin communication with.

If this total output power exceeds the maximum allowed for the PA, an attenuation is applied in order to set the output
power of the base station equal to its maximum level. In asimilar way that an RF variable attenuator would operate, this
attenuation is applied on the output signal with the exception of common channels, i.e. all the TCHs are reduced by this
amount of attenuation.

The power of the TCH for a given mobile will be:

TCH(n+1) = TCH(n) +/- Step - RF_Attenuation.
5.1.7 System Loading and simulation output

5.1.7.1 Uplink

517.11 Single operator loading
The number of usersin the uplink in the single operator caseis defined asN_UL_single.

It is evaluated according to a 6 dB noise rise over the thermal noisein the UL (6 dB noiseriseis equivalent to 75 % of
the Pole capacity of a CDMA system):

- asimulation is run with a predefined number of users, and at the end the average noise rise (over the thermal
noise) is measured; if lower than 6 dB, the number of usersisincreased until the 6 dB noiseriseis reached;

- the number of users corresponding to a6 dB noiseriseis here defined asN_UL_single.

5.1.7.1.2 multi-operator case (macro to macro)
The number of usersin the uplink in the multi-operator caseis defined as N_UL_multi:

- itisevaluated, asin the single case, according to a 6 dB noise rise over the thermal noisein the UL; a simulation
isrun with a predefined number of users, and at the end the average noise rise (over the thermal noise) is
measured; if lower than 6 dB, the number of usersisincreased until the 6 dB noiseriseis reached;

- the number of users corresponding to a6 dB noiseriseis here defined asN_UL_multi.

For agiven value of ACIR, the obtained N_UL_multi is compared to N_UL _single to evaluate the capacity loss due to
the presence of a second operator.
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5.1.7.1.3 multi-operator case (macro to micro)

Itisvery likely that noise rise does not change with the same amount for micro and macro cell layersif number of users
is changed in the system. It is proposed that loading is selected with the following procedure.

Two different numbers of input users are included in the simulator:
- N_users UL_macro;
- N_users UL_micro:
0) an ACIRvaueis selected;

1) start asimulation (made of several snapshots) with an arbitrary number of N_users UL_micro and
N_users UL_macro;

2) measure the system loading;

3) run another simulation (made of several snapshots) by increasing the number of users
(i.e.: N_users UL_macro or micro) in the cell layer having lower noise rise than the layer-specific tthreshold,
and decreasing number of users ((i.e. N_users UL_micro or macro) in the cell layer in which noiseriseis
higher than the layer-specific threshold etc. etc.;

4) redo phases 1 and 2 until noiseriseis equal to the specific threshold for both layers;

5) when each layer reaches in average the noise rise threshold, the input values of N_UL_users UL_macro and
micro are taken as an output and compared to the valuse obtained in the single operator case for the ACIR
value chosen at step 0.

Two Options (Option A and Option B) are investigated in relation with the noise rise threshold:
Option A:

- the noiserise threshold for the macro layer is equal to 6 dB whilst the threshold for the microlayer is set to
20 dB. The noiseriseis combination of interfernce coming from the micro and the macro cell layers. Micro and
macro cell layers are interacting, i.e. micro cell interference affects to macro cell layer and viceversa.

Option B:
- thenoise rise threshold is set to 6dB for both the macro and the micro layer, but the microcells are de-sensitized
of 14 dB.
5.1.7.2 Downlink

5.1.7.21 Single operator loading
The number of usersinthe downlink for the single operator caseis defined asN_DL_single.

Downlink simulations are done so that single operator network isloaded so that 95 % of the users achieve an Eb/No of
at least (target Eb/No -0,5 dB) (i.e.: 95 % of users are satisfied) and supported number of usersN_DL_singleisthen
measured.".

5.1.7.2.2 multi-operator case (macro to macro)

In the multi operator case the networks isloaded so that 95 % of users are satisfied and the obtained number of user is
defined as N_DL_multi.

For agiven value of ACIR, the measured N_DL_multi is obtained and compared to the N_DL_single obtained in the
single operator case.

5.1.7.2.3 Multi-operator case (Macro to Micro)

Similar reasoning to the UL caseis applied.
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5.1.7.3 Simulation output
The following output should be produced:
- capacity figures(N_UL and N_DL);
- DL and UL capacity vs ACIR in the multi-operator case (see Figure 5.1 for the macro to macro case);

- outage (non-satisfied users) distributions.
N_UL_Multi

Y
»

ACIR [dB]

Figure 5.1: Example of outage vs. ACIR (intermediate or worst case scenario layout)
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5.1.8  Annex: Summary of simulation parameters
Table 5.1
Parameter UL value DL value

SIMULATION TYPE snapshot snapshot
PROPAGATION PARAMETERS
MCL macro (including antenna 70 dB 70 dB
again)
MCL micro (including antenna again) 53 dB 53 dB
Antenna gain (including losses) 11 dBi 0 dBi

0 dBi 11 dBi
Log Normal fade margin 10dB 10 dB

PC MODELLING

# of snapshots

> 10 000 for speech
> 10 * #of snapshot for
speech for 144 kbps service

> 10 000 for speech
> (10 * #_of_snapshot_for_speech in the
144 kbps case > 20 000 for data

#PC steps per snapshot > 150 > 150
step size PC perfect PC perfect PC
PC error 0% 0%
margin in respect with target C/I 0dB 0dB
Initial TX power path loss and noise, 6 dB random initial
noise rise
Outage condition Eb/NO target not reached due | Eb/NO target not reached due to lack of TX
to lack of TX power power
Satisfied user measured Eb/NO higher than Eb/NO target
-0,5dB
HANDOVER MODELING
Handover threshold for candidate set 3dB
active set 2
Choice of cells in the active step random
Combining selection Maximum ratio combining
NOISE PARAMETERS
noise figure 5dB 9dB
Receiving bandwidth 4.096 MHz proposed 4.096 MHz proposed
noise power -103 dBm proposed -99 dBm proposed
TX POWER

Maximum BTS power

43 dBm macro
33 dBm micro

Common channel power

30 dBm macro
20 dBm micro

Maximum TX power speech 21 dBm 30 dBm macro
20 dBm micro
Maximum TX power data 21 dBm 30 dBm macro
20 dBm micro
Power control range 65 dB 25 dB
HANDLING of DOWNLINK maximum
TX power
Problem identified, agreed to collect as a
minimum statstical data
A proposal from Nortel was made
TBD
ADMISSION CONTROL Not included Not included
USER DISTRIBUTION Random and uniform across the network
INTERFERENCE REDUCTION
MUD Off N/A
non orthogonality factor macrocell N/A 0,4
non orthogonality microcell N/A 0,06
COMMON CHANNEL Orthogonal
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Parameter UL value DL value

ORTHOGONALITY

DEPLOYMENT SCENARIO

Macrocell Hexagonal with BTS in the middle of the

cell

microcell Manhattan (from 30.03)

BTS type omnidirectional

Cell radius macro 577 macro

Inter-site single operator 1 000 macro

Cell radius micro block size = 75 m, road 15 m

Inter-site single micro intersite between line of sight = 180 m

Intersite shifting macro 577 and 577/2m

# of macro cells > 19 with wrap around technique)

Intersite shifting macro-micro see scenario

Number of cells per each operator see scenario

Wrap around technique Should be used

SIMULATED SERVICES

bit-rate speech 8 kbps 8 kbps

Activity factor speech 100 % 100 %

Multipath environment macro Vehicular macro Vehicular macro

Eb/NO target 6,1 dB 7,9 dB

Multipath environment macro Outdoor micro Outdoor micro

Eb/NO target 3,3dB 6,1 dB

Data rate 144 kbps 144 kbps

Activity factor speech 100 % 100 %

Multipath environment macro Vehicular macro Vehicular macro

Eb/NO target 3,1dB 2,5 dB with DL TX or RX diversity, 4,5 dB

without diversity
Multipath environment macro Outdoor micro Outdoor micro
Eb/NO target 2,4 dB 1,9 dB with DL TX or RX
5.1.9 Simulation Parameters for 24 dBm terminals

5.1.9.1

Uplink

The only difference in respect with the parameters listed in the previous clauses are:

3,84 Mcps chip rate considered;
24 dBm Max TX power for the UE (results provided for 21 dBm terminals as well);
68 dB dynamic range for the power control;

# of snapshots per each ssmulation (3 000).
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Therefore, the considered parameters are:

Table 5.2
MCL 70 dB
BS antenna gain 11 dBi
MS antenna gain 0 dBi
Log normal shadowing Standard Deviation of 10 dB
# of snapshot 3000
Handover threshold 3dB
Noise figure of BS receiver 5dB
Thermal noise (NF included) -103,16 dBm @ 3,84 MHz
Max TX power of MS 21 dBm/24 dBm
Power control dynamic range 65 dB/68 dB
Cell radius 577 m (for both systems)
Inter-site distance 1 000 m (for both systems)
BS offset between two systems (X, y) Intermediate: (0,25 km, 0,14425 km) -> 0,289 km shift
Worst: (0,5 km, 0,2885 km) -> 0,577 km shift
User bit rate 8 kbps and 144 kbps
Activity 100 %
Target Eb/IO0 6,1 dB (8 kbps), 3,1 dB (144 kbps)
ACIR 25-40dB

5.2 BTS Receiver Blocking

The ssimulations are static Monte Carlo using a methodology consistent with that described in the clause on ACIR.

The simulations are constructed using two uncoordinated networks that are on different frequencies. The frequencies
are assumed to be separated by 10 MHz to 15 MHz or more so that the BS receiver selectivity will not limit the
simulation, and so that the UE spurious and noise performance will dominate over its adjacent channel performance.
These are factors that distinguish a blocking situation from an adjacent channel situation in which significant BS
receiver degradation can be caused at very low levels due to the poor ACP from the UE.

During each trial of the simulations, uniform drops of the UE are made, power levels are adapted, and data is recorded.
A thousand such trials are made. From these results, CDF of the total signal appearing at the receivers' inputs have been
constructed and are shown in the graphs inserted in the result clause.
5.2.1  Assumptions for simulation scenario for 1 Km cell radius
The primary assumptions made during the simulations are;

1) both networks are operated with the average number of users (50) that provide a6 dB noiserise;

2) the two networks have maximal geographic offset (a worst case condition);

3) cel radiusis1 km;

4) maximum UE power is 21 dBm;

5) UE spurious and noisein a4,1 MHz bandwidth is 46 dB;

6) BSselectivity is 100 dB (to remove its effect);

7) C/l requirement is—21 dB;

8) BSantennagainis1l dB;

9) UE antennagainisOdB; and

10) minimum path lossis 70 dB excluding antenna gains.
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5.2.2  Assumptions for simulation scenario for 5 Km cell radius

The primary assumptions that are common to all simulations are:

1)
2)
3)
4)
5)
6)
7)
8)
9)

the two networks have maximal geographic offset (a worst case condition);

cell radiusis5 km;

UE spurious and noise in a channel bandwidth is 46 dB;

BS selectivity is 100 dB (to remove its effect);

BSantennagainis 11 dB;

UE antennagainis 0 dB;

minimum path loss is 70 dB including antenna gains. In addition;

for the speech simulations, maximum UE power is 21 dBm and the C/I requirement is—21 dB;

for the data simulations, maximum UE power is 33 dBm and the C/I requirement is—11,4 dB.

NOTE: Thisisdifferent from the basic assumption in the ACIR clause, sinceits data power level is 21 dBm, just

like the speech level.

5.2.3 Assumptions for macro-micro simulation scenario with 1 and 2 Km

interfering macro cell radius

The primary assumptions that are common to all simulations are:

1)

2)
3)
4)
5)
6)
7)
8)
9)

the topology of the multi-operator Macro-Micro scenario asin clause 5.1.3.2. Finite micro cell layer (Manhattan
grid) overlaid by amuch larger finite macro network (see Figure 5.2).

interfering macro cell radiusis 1 or 2 km;

noise floor at BS receiver is—103 dBm for macro and 93 dBm for micro;

log-normal shadow fading standard deviation is 10 dB;

BSantennagainis 11 dB;

UE antennagainis 0 dB;

MCL is 70 dB for Macro and 53 dB for Micro (including antenna gains);

for the speech simulations, maximum UE power is 21 dBm and the micro cell C/l requirement is—23.5 dB;

for the data simulations, maximum UE power is 33 dBm and the micro C/I requirement is—12 dB.

NOTE: Thisisdifferent from the basic assumption in the ACIR clause, sinceits data power level is 21 dBm, just

like the speech level.
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Figure 5.2: Macro-Micro network deployment topology (zoomed example for 1km interfering macro

cell size)

5.2.4  Assumptions for micro-micro simulation scenario

The layout for asingle Micro network is described in chapter 5.1.3.2. Based on this network grid, a second identical
Micro network grid was placed in the same area but with maximal geographic offset between the Micro BSs as worst-
case condition (see Figure 5.3). The number of BSin this scenario is 72 Micro BS (network 1) plus 72 Micro BS
(network 2). This approach is consistent with the strategy used in chapter 5.2 (BT S receiver blocking) in case of two

Macro networks.

Simulation parameters are as under 5.2.2.
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Figure 5.3: Micro-Micro layout [units in meter]

6

6.1

Methodology for coexistence studies FDD/TDD

Evaluation of FDD/TDD interference

[Editor's note: a better description of the parameters used to simulate the servicesis needed. Eb/NO values for FDD and
TDD to be specified in detail like in the FDD/FDD clause.]

6.1.1

Simulation description

The implementation method is not exactly the same asin [12].

Different main parameters, which are independent of the simulated environment, are as follows, and are assumed for
both TDD and FDD mode.

6.1.1.1

Application of afixed carrier spacing of 5 MHz in all cases.
Spectrum masks for BS and MS.

Maximum transmit powers for BS and MS.

Receiver filtersfor BSand MS.

Power Control.

Simulated services

Concerning a service assumption all stations have used speech service.
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6.1.1.2 Spectrum mask

WG4 agreed a definition to characterise the power |eakage into adjacent channels caused mainly due to transmitter non-
linearities. The agreed definition is:

- Adjacent Channel L eakage power Ratio (ACLR): Theratio of the transmitted power to the power measured
after areceiver filter in the adjacent RF channel. Both the transmitted power and the received power are
measured within afilter response that is nominally rectangular, with a noise power bandwidth egual to the chip
rate.

Following the above definition, the ACLR for the spectrum masks for BS and MS are given in table 6.1.

Table 6.1: ACLR used in the simulations

Reference | Station Macro Micro Pico HCS
ACLR1 ACLR2 ACLR1 ACLR2 ACLR1 ACLR2 | ACLR1 | ACLR2
Tdoc [2] MS 45,39 dB - 40,38 dB - 45,39 dB - - -
BS 60,39 dB - 55,35 dB - 60,39 dB - - -
Tdoc [3], [4] | MS 32 dB 42 dB - - - - 32 dB 42 dB
BS 45 dB 55 dB - - - - 45 dB 55 dB
6.1.1.3 Maximum transmit power

The maximum transmit powers for BS and MS are given in table 6.2.

The figures are defined according to the three environments assuming that a speech user occupies one slot and one code
in TDD and one frame and one code in FDD.

Table 6.2: Maximum transmit power used in the simulations

Cell structure Macro Micro Pico HCS
TDD MS 30dBm | 21dBm | 21 dBm | 21 dBm
BS 36 dBm | 27 dBm | 27 dBm | 27 dBm
FDD MS 21dBm | 14 dBm | 14 dBm | 21 dBm
BS 27 dBm | 20dBm | 20 dBm | 27 dBm
6.1.1.4 Receiver filter

Onthereceiver side, in thefirst step an ideal RRC filter (o0 = 0,22) has been implemented and in the second step areal
filter has been implemented.

WG4 agreed on an Adjacent Channel Selectivity (ACS) definition as follows:

- Adjacent Channel Sdlectivity (ACS): Adjacent Channel Selectivity isa measure of areceiver's ahility to
receive asigna at its assigned channel frequency in the presence of a modulated signal in the adjacent channel.
ACSistheratio of the receiver filter attenuation on the assigned channel frequency to the receiver filter
attenuation on the adjacent channel frequency. The attenuation of the filter on the assigned and adjacent channels
is measured with afilter response that is nominally rectangular, with a noise power bandwidth equal to the chip
rate.

Following the above definition, the ACS becomes infinity with the ideal RRC filter. The ACS with the real filter are
givenintable 6.3.

Table 6.3: ACS used in the simulations

ACS with the real filter
MS 32 dB
BS 45 dB
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6.1.1.5 Power control
Simulations with and without power control (PC) have been done.

In the first step asimple C based power control algorithm has been used. The PC algorithm controls the transmit power
in the way to achieve sensitivity level at the receiver.

In the second step a C/I based power control algorithm has been used.

The model for power control usesthe Carrier to Interferer (C/l) ratio at the receiver as well as the receiving information
power level as shown in figure 6.1.
l C&tart lluwn * I.a]iaun

' T

Power Control
I::"Ilmin = G o= C"Ilmsm

Crin = © = Cphax

l G(Illl

Figure 6.1: C/l based Power Control algorithm

The model considers the interference caused by alien systems as well as the intra-system interference. The control
algorithm compares the C/I value at the receiver with the minimum required and the maximum allowed C/I value. In
order to keep the received C/I in its fixed boundaries the transmission power is controlled (if possible). Conseguently
the most important value during power control isthe C/I. If the C/I isin the required scope, the transmission power is
varied to keep the received power in its fixed boundaries, too. Figure 6.2 shows an example of the power algorithm. The
axis of ordinate contains the C/I threshold and the axis of abscissa contains the C-thresholds.

) R I el _ -

I::n'nin cnﬂa: C

Figure 6.2: Example of power algorithm
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The two straight linesinclude all possible values for C/I(C) for areceived interference power |_1and|_2. The area
defined by the thresholds is marked with grey. The control of the corresponding station's transmission power should get
the point on the straight line into the marked area. Regarding the interference | _1, the transmission power must pulled
up until the minimum receiving power is reached. The upper C/I threshold demand cannot be fulfilled here. Concerning

|_2, the grey marked area can be reached.

Powear control routas

Figure 6.3: Power control in UL

Power control route

Figure 6.4: Power control in DL

It has to be remarked that the power control strategy in CDMA systemsis different for uplink and downlink. In the
uplink, each mobile has to be controlled in the way that the base station receives as low as possible power while
keeping C/1 requirements. Therefore the pathloss for each connection has to be considered. Concerning the downlink,
the base station transmits every code with the same power regardless of the different coeval active connections.
Consequently the power control must consider the mobile with the lowest receiving power level to ensure aworking

connection for each mobile.

The power control range is assumed as given in table 6.4.

The power control step sizeis 1 dB for both MS and BS.

Table 6.4: Power control range used in the simulations

Reference Tdoc [2] Tdoc [3], [4]
TDD | Uplink 80 dB 80 dB
Downlink 30 dB 30 dB
FDD [ Uplink 80 dB 65 dB
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6.1.2 Macro Cell scenario

6.1.2.1 Evaluation method

Since for the macro scenario a hexagonal cell structure is assumed, a Monte-Carlo method has been chosen for
evaluation. Each Monte-Carlo (MC) caculation cycle starts with the positioning of the receiver station (disturbed
system) by means of an appropriate distribution function for the user path. The interfering (mobile) stations are assumed
to be uniformly distributed. The density of interferersis taken as parameter. To start up we assume that only the closest
user of the co-existing interfering system is substance of the main interference power. However to judge the impact of
more than the one strongest interferer, some simulation cases are performed with the 5 strongest interferer stations. In
simulations behind it was shown that taking into account more than 5 will not change the simulation results. In addition
atransmitter station in the disturbed system and areceiver station in the interfering system are placed,

i.e.: communication links in both systems are set up. At each MC cycle the pathl oss between the disturbed receiver and
the next interfering station as well as the pathloss for the communication links are determined according to the pathloss
formula given in the next clause. Depending on the use of power control the received signal level C at the receiver
station in the disturbed system is calculated. Finally the interference power | is computed taking into account the
transmit spectrum mask and the receiver filter. C/l isthen substance to the staistical evaluation giving the CDF.

6.1.2.2 Pathloss formula

The pathloss formula for the Macro Vehicular Environment Deployment M odel isimplemented to ssimulate the MS
<> BScase (10 dB log-normal standard deviation, see annex B, clause B.1.6.4.3in[9]). Both 2 000 m and 500 m cell-
radii are considered. The simulation does not support sectorised antenna patterns so an omnidirectional pattern is used.

However [9] was generated before the eval uation phase of different concepts for UTRA, which were all FDD based
systems. Therefore [9] does not name propagation models for all possible interference situations. E.g. considering TDD
the mobile to mobile interference requires a model valid for transmitter and receiver antennas having the same height.
In order to cover this case the outdoor macro model in [18] was used. The model is based on path loss formula from H.
Xia considering that the height of the BS antenna is bel ow the average building height. Thisis seen as reasonable
approximation of the scenario. Furthermore it has to be considered that mobiles might be very close to each other, i.e. in
LOS condition, which leads to considerably lower path loss. To take this effect into account LOS and NLOS is
randomly chosen within a distance of 50 m (100 m) for MS - MS (BS - M) interference whereas the probability for
LOS increases with decreasing distance. Details can be found in [18].

6.1.2.3 User density

The user density of the TDD system is based on the assumption that 8 slots are allocated to DL and UL, respectively.
Considering 8 or 12 codes per dot thisyields 64 / 96 channels per carrier corresponding to 53,4 / 84,1 Erlang (2 %
blocking). Taking into account that users are active within only one ot and that DTX isimplemented we reach
effective user densities of 5,14/km?/ 8,10/km? for the 500 m cell radius (cell area= 0,649 km?) and 0,32/kn2 / 0,51/km?
for the 2 000 m cell radius (cell area= 10,39 km?), respectively. Note that these figures "sound” rather small, since we
concentrate on one slot on one carrier. However if an average traffic of 15 mE per user is assumed, these figures lead to
5 484 real users per km? / 8 636 real users per kn. It should be emphasised that this investigations regards user on a
single carrier at adjacent frequencies, since users on the second adjacent frequency will be protected by higher ACP
figures. In addition one TDD carrier per operator isavery likely scenario at least in the first UMTS start-up phase.

The user density of the FDD system is based on the ITU simulation results given in [16]. For the macro environment
88 Erlang per carrier lead to an effective user density of 4,23/km? and 67,7/km? for the 200 m cell and 500 m cell
respectively. Note that in FDD all users are active during the entire frame.
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6.1.3 Micro cell scenario

6.1.3.1 Evaluation method

For the Micro Pedestrian Deployment M odel, a Manhattan-grid like scenario has been generated. A 3x3 km? area
with rectangular street layout is used. The streets are 30 m wide and each block is 200 min length. Thisisin accordance
to annex B, clause B.1.6.4.2in[9].

In the microcellular environment eval uation a detailed event-driven simulation tool is used. A street-net is|oaded into
the simulator (according to [9]). A given number of mobilesis randomly distributed over the street-net with arandomly
chosen direction. These mobiles move with a maximum speed of 5 kn/h along the streets. If they come to a crossing
thereis a probability of 0,5 for going straight across the crossing and a probability of 0,25 for turning left and right
respectively. If there is another mobile in the way, a mobile slows down to avoid acollision. Thisresultsin a
distribution of the speed that comes close to the one described in [9]. Mobiles coming from the right may crossa
crossing first. The model simulates the behaviour of cars and pedestriansin atypical Manhattan-grid layout. Based on
the observed coupling loss the received signal C and the interference power | are determined in the same way as
described for the macro scenario.

6.1.3.2 Pathloss formula

Using the propagation model presented in [17] by J.E.Berg, only one corner is considered, i.e. propagation along more
than one corner resultsin an attenuation above 150 dB and istherefore negligible. The log normal standard deviation
used is 10 dB.

6.1.3.3 User density

Starting again from 64 and 96 users per dot for TDD, we reach an effective user density of 129,36 per km? and

203,73 per kn?, respectively (e.g. 64 users — 53,4 Erlang — 6,675 Erlang per ot — 258,72 Erlang per kn? (cell area
= 0,0258 ke, due to 72 BSs covering the streets) — 129,36 effective users (DT X) ). Assuming on average 25 mE per

user thiswill lead usto 82 791 and 130 388 users per km?, which might be dightly too high in areal scenario. For that

reason simulation cases for 10 000, 5 000 and 1 000 user per kn? are added.

6.1.4 Pico cell scenario

6.1.4.1 Evaluation method

The third scenario studied isthe Indoor Office Test Environment Deployment M odel. This scenario isreferenced as
the Pico-scenario. It isimplemented as described in annex B, clause B.1.6.4.1 of [9]. The office rooms give in principle
acell structure similar to the macro environment case, because only one floor without corridors is implemented. For
that reason the evaluation method used is the same asin macro based on Monte-Carlo simulations.

6.1.4.2 Pathloss formula

Theindoor path loss formula given in [9] was implemented (Ilog-normal standard deviation 12 dB). However it istaken
care that the coupling loss is not less than 38 dB, which corresponds to a 1m free-space | oss distance.

6.1.4.3 User density

Some reasonable assumptions have been made on the user density in the pico cell scenario. If we take straight forward
the ITU simulation results based on [9] e.g. for FDD, we reach 220 000 active users per km? (88 Erlang per BS, BS
servestwo rooms, i.e. 2 x 10 m x 10 m = 0,0002 km? with DTX = 0,5 — 220 000 active users per km?). Assuming
further on average 300mE per user, there should be 29.333.333 users per km?, which is not very realistic. For the
simulations we added a 10 000 active users per km? casein FDD.

Starting from arealistic scenario we assumed that each user in aroom occupies 10 m? yielding 10 user per room or

100 000 user/km2. For TDD we get 100 000/ 8 x 0,5 (DTX) = 6 250 users per dot, which leads under the assumption of
100 mE per user to 625 active users per km?. Thisisthe lowest user density referred to in the simulation results clause.
To judge the impact on the results the user density isincreased up to amost 10 000 active users per kmz.
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6.1.5 HCS scenario

The scenario is amulti-operator layout with a microcell TDD and amacrocell FDD system. The microcell layout has
20 x 20 Blocks of 75 m width separated by streets with 15m width. In an evaluation area of 12 x 12 blocksin the
middle of the manhattan grid 72 BSs are placed in every second street junction. The FDD macrocells are placed with a
distance of 1 000 m. Antenna hights are 10 m for TDD and 27 m for FDD BSs (see figure 6.5).
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Figure 6.5: Multi-operator HCS scenario

The evaluation of interference has been done by Monte Carlo simulations where mobiles have been placed randomly on
the streets and connected to their best serving BS. The user density in the FDD system has been 44 transmitting users
per cell. All mobiles have been power controlled depending on the actual receive power and on the actua interference
situation which in the case of avictim station consisted of a randomly chosen co-channel interference and the calculated
adjacent channel, inter-system interference. In each snapshot, the adjacent channel interference power of the 30
strongest interferers has been summed up and eval uated.

6.2 Evaluation of FDD/TDD interference yielding relative
capacity loss

6.2.1 Definition of system capacity

The capacity of the system is defined as the mean number of mobile stations per cell that can be active at atime while
the probahility that the C/I falls below a given threshold is below 5 %. All mobiles use the same service. This definition
is different but strongly related to the so-called "satisfied user criterion”, i.e. 98 % of all users have to be able to
complete their call without being dropped due to interference. However the "satisfied user criterion” requires the
mapping of C/I to BER/BLER values and time-continuous simulation techniques, while in [19] a Monte Carlo snap shot
method is used. Please note that the definition incorporates the term "mean number of mobile stations'. This mean that
the load in different cells may be different while the mean load, i.e. the total number of usersin the simulated scenario,
remains constant during the simulation.

6.2.2 Calculation of capacity

A relative capacity lossis calculated as:

C=1- Nmm
N 1

single
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where Ngngee iS the maximum mean number of mobiles per cell that can be active at atime in the single operator case,
i.e. without adjacent channel interference. N5 iS the maximum mean number of mobiles per cell that cn be active at a
time in the multi operator case, i.e. with adjacent channel interference originating in one interfering systemin an
adjacent transmit band.

6.2.2.1 Calculation of single operator capacity

Following the definition of capacity in 2.1, the percentage of users with a C/I below the given threshold has to be
calculated. Since C/I isarandom value, the simulation can lead to the cumulative distribution function:

FCI1 Ngnge = P(cir < CIR Ngp gle)-

The objective of the simulation is to find the number Ngnge that fulfils the relation:
P(cir < threshold, Ngin gje) < 5%.
Nsingie iS determined as follows:
1) calibrate the co-channel interference;
2) place mobiles;
3) calculate best server;
4) control power;
5) calculate co-channel interference at perturbed station;
6) do power control for perturbed station;
7) Evaluate C/l;
8) remove al stations and continue with 2. Until a number of trialsis reached;
9) calculate the CDF of ClI;
10)increase or decrease the number Ngnge and start again as long as the given outage probability is reached.

The co-channel interference power depends on a number of parameters, especially on the number of mobiles, their
position and their power control behaviour. The co-channel interference power can be approximated by a normal
distribution as long as the number of sourcesislarge and as long as those sources are independent from each other.
Although the sources are not totally independent, the co-channel interference coming from outside the simulated
scenario is modelled by a normal distribution. For al cells having a complete set of co-channel cellsin the simulated
scenario, the co-channel interferenceis calculated exactly after power control in all co-channel cells.

The mean and the variance of the random co-channel interference is calculated with the following algorithm:
- calculate the statistic of co-channel interference in the victim cell;
- assume the same mean and variance to be valid for other cells;
- calculate the statistic again and repeat until the parameters of the co-channel interference distribution do not
change any longer.
6.2.2.2 Calculation of multi operator capacity

Again following the definition of capacity in 2.1, the percentage of users with a C/l below the given threshold hasto be
calculated. Since C/I is arandom value for each fixed N, the smulation can lead to a number of cumulative
distribution functions:

FC/1 Ny Nype = P(CIT < CIR Ny, Nogher ) -

Nother 1S the mean number of active mobiles per cell in the adjacent interfering system. The objective of the smulationis
to find the number N, that fulfils the relation:
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P(cir < threshold, N, i, Nyyer ) < 5%

multi 7 © Y other

for afixed number of Nger.

The procedure to determine N, is done similar as described in 2.2.1:
1) calibrate the co-channel interferencein the victim system;
2) place mobilesin victim and interfering system;
3) calculate best server in victim and interfering system;
4) control power in bothsystems;
5) calculate co-channel interference at perturbed station;
6) calculate adjacent interference at perturbed station;
7) do power control for perturbed station;
8) evaluate C/l;
9) remove all stations and continue with 2. Until a number of trialsis reached;
10) calculate th