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Foreword

This Technical Report has been produced by the 3rd 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
the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

A study item for minimum performance requirements for interference Mitigation of Cell-specific Reference signals (CRS-IM) for LTE/LTE-Advanced (FDD/ TDD) homogeneous network was approved at the 3GPP RAN #59 meeting [3]. This technical report summarizes the work that RAN4 has accomplished in this study item to assess the feasibility of CRS-IM UE receivers for Homogenous deployment. These receivers attempt to mitigate the CRS interference that arises from users operating outside the serving cell. CRS-IM has been studied in the Rel-11 Work Item on FeICIC. Due to its benefits under the condition where interference from CRS dominates but is negligible from data assuming data RE muting, the CRS-IM has been standardized under the above operation conditions for heterogeneous deployments and the corresponding requirements were specified in Release 11. At the same time, the enhanced performance requirements in homogeneous network deployment for MMSE interference rejection combining (MMSE-IRC) receiver were extensively studied and specified in Release 11. The MMSE-IRC receiver can suppress both data and CRS interference without the need to differentiate them. However, the UE performance in homogenous deployment may be further improved by using the same CRS-IM capability as defined for FeICIC, especially when similar interference conditions arise under low traffic loading of neighbouring cells and under similar scope as in FeICIC i.e. synchronous network operation and UE reference receiver assuming single FFT processing.  In past link level evaluations, this type of interference has been modelled as almost blank subframe, as defined in FeICIC WI, or full traffic, as defined in MMSE-IRC receiver. The study item has developed models for this interference in terms of their powers relative to the total other cell interference power, and their resource allocation according to traffic loading levels.  Some of these previously identified scenarios studied in Release 11 for specifying MMSE-IRC receiver performance requirements and the corresponding link/system parameters are reused. 
The baseline detector structure is that of an MMSE-IRC detector as defined in [2] combined with a CRS-IM receiver. The same CRS-IM receiver defined for FeICIC is reused here. LTE throughput estimates are developed using link level simulations. In addition, system level performance is assessed to determine the gains that interference mitigation receiver might provide in throughput and coverage. Complexity issues associated with implementing these types of receivers are also discussed. The content of each specific clause of the report is briefly described as follows.

Clause 1 of this document defines the scope and objectives of this feasibility study.
Clause 4 describes the receiver methods that can be applied to CRS-IM receivers. 
Clause 5 describes the network scenarios that were defined and used to generate the interference statistics, which were then used to develop the interference models described in clause 6.
Clause 6 defines the interference models/profiles that were developed in order to assess the link level performance of enhanced receivers. 

1
Scope

The objectives of this Study Items are:

· Identify the partial traffic loading levels and other realistic system level parameters (e.g. traffic and interference models including interference level, time offset between cells and frequency offset between cells) and performance metrics for studying the feasibility of CRS IM in a synchronized homogenous network assuming:

· 3GPP Case 1 as a starting point

· non-colliding CRS between serving and dominant aggressor/interfering cells and

· non-colliding CRS between dominant aggressor/interfering cells

· The homogeneous deployment and relevant system parameters should reuse as much as possible those defined in the Rel-11 performance study of MMSE-IRC  

· Identify the baseline receiver which can be used for evaluating the gain of CRS IM in a synchronized homogenous network considering:

· Reuse of CRS IM receiver assumed for Release 11 FeICIC.

· Reuse of MMSE-IRC receiver as the baseline receiver. MMSE-IRC does not differentiate CRS or data interference when suppressing them and was assumed for Release 11 work item on interference rejection combining.

· Agree on interference levels, interference models and simulation parameters for link level evaluations.

· Evaluate the system level and link level gains of CRS IM with respect to the baseline MMSE-IRC receiver in a synchronized homogenous network deployment under the various loading levels identified.

· Gains of CRS IM from 1 and 2 aggressor cells CRS shall be evaluated and compared.

· Modeling of realistic CRS IM receiver for system level performance evaluation should be clarified and agreed if possible

· Investigate UE complexity tradeoffs e.g. tradeoff between number of interferers to cancel and the number of transmit antenna ports.

· The introduction of CRS IM based receiver requirements for homogenous deployments will only use the existing Release 11 signaling of CRS assistance information.

Note 1: Interference from neighboring cells’ PDSCH is not the focus of this study item. Any interference from data, which varies according to the traffic loading level, is assumed to be suppressed in the same way as in Rel-11 with the baseline MMSE-IRC receivers. 

Note 2: Non-colliding CRS is prioritized and will be studied first while colliding CRS is not precluded. But the study will focus only on UE demodulation aspects.
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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].
3.2
Symbols

For the purposes of the present document, the following symbols apply:
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is the received power spectral density of the j-th strongest base station measured at serving cell CRS REs (average power obtained within the RE and normalized to the subcarrier spacing)
NBS 
is the total number of base stations considered including the serving cell
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is the number of dominant interfering cell(s) which interference can be mitigated by the UE
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models the interference from all cells, excluding the contribution of the M dominant interfering cell(s) which interference is mitigated in addition to thermal noise
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is the power spectral density of thermal noise (average power per RE normalised)
3.3
Abbreviations

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].
BS
Base station

CRS
Cell-specific Reference signals

CSI-RS
Channel-State Information RS

DL
Downlink

EVM
Error Vector Magnitude

FDD
Frequency Division Duplexing
FeICIC
Further eICIC

FFT
Fast Fourier Transform

HARQ
Hybrid Automatic Repeat Request

IM
Interference mitigation

LTE
Long Term Evolution
MMSE-IRC 
MMSE interference rejection combining

MIMO
Multiple input and multiple output

PBCH
Physical broadcast channel

PCI
Planned cell ID

PCFICH
Physical control format indicator channel

PDSCH
Physical downlink shared channel

PDCCH
Physical downlink control channel

PMI
Precoding Matrix Indicator

PRB
Physical resource block

PSS
Primary synchronization signal

PUCCH
Physical uplink control channel

RE
Resource element

RU
Resource Utilization

SSS
Secondary synchronization signal

TDD
Time-division duplex
UE
User Equipment

UPT
User perceived throughput

WI
Work Item

4
Receiver structure
The baseline detector structure is that of an MMSE-IRC detector as defined in [2] combined with a CRS-IM receiver. The CRS IM receiver assumed for Release 11 FeICIC [3] is reused. The CRS-IM receiver is with the following assumption: 
· Single FFT
· Mitigates CRS interference of up to 2 cells
· No restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks
· The CRS assistance information, as specified for Release 11, is available for the UE
The MMSE-IRC detector is MMSE-IRC based receiver with interference covariance matrix estimation as defined in TR36.829 as the baseline receiver [2], and additionally with the following assumptions: 

· MMSE-IRC does not differentiate CRS or data interference when suppressing them.
5
Network Scenarios
To estimate the link gain that UE CRS Interference mitigation (CRS-IM) receivers might provide for LTE/LTE-Advanced downlinks for homogeneous network it is necessary to first define the network scenarios under which the receivers must operate.
A network scenario for downlink performance evaluation is typically defined in terms of eNode B transmit characteristics, UE receive characteristics, traffic mix, inter-site distance, path loss model, etc. Once the network scenario(s) is defined one can then determine the associated interference profile/model that will be used in the actual link level characterization. This clause describes the network scenarios agreed to in this study, while the following clause defines the interference models that were developed based on system level simulations of these network scenarios. 
The main system level assumptions are summarized in Table 5.1.
System level simulations were then conducted based on the above assumptions for the purposes of collecting interference statistics. Static system level simulators were deemed sufficient for this exercise, and are preferred over dynamic simulators since they are typically easier to develop and require less computation time. For every ‘iteration’ (or drop) in the static simulator UEs are randomly distributed across the simulated area and the relevant statistics collected. From these collected statistics certain key measures are developed, which provide some insight into how well a CRS-IM receiver might work.

Table 5.1: Simulation assumptions for network scenarios
	Parameter
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	
	

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	
	
	
[image: image16.wmf]15

=

etilt

q

degrees

	
	Combining method in 3D antenna pattern
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	Antenna gain + connector loss
	eNodeB: 14 dBi, UE: 0 dBi

	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Non-full buffer FTP traffic Model 1 from TR36.814

	Network synchronization
	Synchronized

	PCI planning
	Planned cell ID layout with 3-CRS shift patterns (“Shifted CRS”)

	UE distribution
	Uniformly distributed, all users outdoors, speed 3 km/h

	Noise figure
	9 dB in UE

	DL Transmission schemes
	Closed-loop spatial multiplexing, up to 2 layers, QPSK/16QAM/64QAM

	File size, S

	2 Mbytes (0.5 Mbytes optional)

 (one user downloads a single file)

	Target average resource utilization (RU)
	[0, 10%, 20%,30%,40%,50%, 100% (Low priority)]

	User arrival rate λ
	Poisson distributed with arrival rate λ

	Possible range of λ
	Each company to adjust λ to match target resource utilization



	Geometry
	TBD

	UE receiver
	MMSE-IRC without CRS-IM

	
	MMSE-IRC with CRS-IM for 1st strongest interfering cell

	
	MMSE-IRC with CRS-IM for 1st and 2nd strongest interfering cells

	
	


6
Interference modelling
6.1
General

In this clause, the interference models/profiles that were developed in order to assess the link level performance of CRS-IM receivers are defined. Clause 6.2 defines a number of statistical measures that were defined during the study, and which provide useful insight into understanding the interference environment. System level simulations were conducted to generate results for the statistical measures defined in clause 6.2. Based on these simulation results interference profiles were developed, which were used in the link level performance and contributed to account performance characterization described in clause 8. 

6.2
Statistical measurements

Network interference statistics are computed using the following defined measures. [image: image19.png]


 is defined as 
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 is the received power spectral density of the j-th strongest base station measured at serving cell CRS REs (average power obtained within the RE and normalized to the subcarrier spacing). Specifically,  [image: image25.png]|



 denotes the received power spectral density of serving cell, [image: image27.png]LpjG=2,--M+1)



 denotes the received power spectral density of the [image: image29.png](j — Dth



 dominant interfering cells. 
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is the power spectral density of thermal noise (average power per RE normalised), and NBS is the total number of base stations considered including the serving cell, [image: image32.png]


 is the number of dominant interfering cell(s) which interference can be mitigated by the UE. The quantity [image: image34.png]


 models the interference from all cells, excluding the contribution of the M dominant interfering cell(s) which interference is mitigated. It is noted that the conducted studies assume M=2.

The interference profiles for the dominant interfering cells are defined by [image: image36.png]lorj/Noc G =2,-,M +1)



, and the serving cell signal profiles are characterized by  [image: image38.png]


. 

Geometry G is defined as 

[image: image39.png]



Here, all the interfering BSs are assumed with full load. 

6.2.1
Methodology for statistical measurements

This clause led to the development of a method to derive [image: image41.png]lorj/Noc G=1,-,M +1)



   based on the following steps:

· Step 1: Decide envisioned [image: image43.png]


 value ([image: image45.png]


) based on the specified percentile of [image: image47.png]


 distribution assuming full load for all the interfering cells.

· Step 2: Select UEs. From a sample of randomly dropped UEs, select those UEs with [image: image49.png]


 close to [image: image51.png]


 with a tolerance of +/- 0.2 dB. [image: image53.png]lorj/Noc G=1,-,M +1)



 values are logged for those UEs, and multiple realizations are performed in order to obtain a significant number of samples. 

· Step 3: Decide [image: image55.png]lorj/Noc G=1,-,M +1)



: After saving the condition [image: image57.png]lorj/Noc G=1,-,M +1)



 values from all samples, the [image: image59.png]Iora/Noe



 values are sorted in ascending order. The data set is binned in 5-percentile bands; and a mean of [image: image61.png]lorj/Noc G=1,-,M +1)



 inside each 5-percentile band is taken, yielding one characteristic set of  [image: image63.png]lorj/Noc G=1,-,M +1)



 values per each 5-percentile band. At the end of the process, 20 characteristic set of  [image: image65.png]lorj/Noc G=1,-,M +1)



 values are obtained. 
· Note 1:
The “mean” of  [image: image67.png]lorj/Noc G=1,-,M +1)



 inside each 5-percentile band is performed in the linear domain. 
To account for the partial loading on the non-dominant interferers, two methods are developed to compute [image: image69.png]


:  

· In the first method, [image: image71.png]


 is the [image: image73.png]


 averaged across time with target resource utilization assume partial loading and no CRS-IM is assumed. 

· In the second method, [image: image75.png]


 is obtained as 
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 is the resource utilization factor in the interfering cells. 
6.3
Interference profile
6.3.1
General

This clause presents interference characterization results leading to the development of the interference profile. 

6.3.2
Average evaluation results

This sub-clause shows the averages of evaluation results. The details of evaluation results by interested companies are shown in sub-clause 6.3.3.
Table 6.3.2-1: Average of the evaluation results on 5%-tile Geometry when RU=0%
	Set
	[image: image80.png]I,r2/ Noe




	[image: image81.png]I,r3/ Noe




	[image: image82.png]I,r1/ Noc





	1
	3.936651
	1.026357
	5.07858

	2
	7.658806
	4.03515
	7.805429

	3
	9.387058
	5.473668
	9.156139

	4
	10.70342
	7.04701
	10.29892

	5
	11.78453
	7.119031
	10.91593

	6
	12.64114
	8.263151
	11.8317

	7
	13.4074
	8.616283
	12.42567

	8
	14.20531
	9.154887
	13.0301

	9
	14.97049
	9.78623
	13.70621

	10
	15.81172
	10.5102
	14.48979

	11
	16.52123
	11.0318
	15.11163

	12
	17.30213
	12.70506
	16.05681

	13
	18.10986
	13.20611
	16.69122

	14
	18.92898
	14.43306
	17.57818

	15
	19.91031
	15.76431
	18.68795

	16
	21.29979
	17.10381
	19.91786

	17
	22.97898
	18.29432
	21.36742

	18
	25.18765
	21.57824
	23.77741

	19
	28.45329
	25.59022
	27.22571

	20
	37.12942
	35.29573
	36.07379


Table 6.3.2-2: Average of the evaluation results on 5%-tile Geometry when RU=10%
	Set
	[image: image83.png]I,r2/ Noe




	[image: image84.png]I,r3/ Noe




	[image: image85.png]I,r1/ Noc





	1
	2.482849
	-0.0312
	3.955109

	2
	5.693844
	2.353362
	5.986044

	3
	7.035891
	3.25546
	6.862847

	4
	8.08061
	4.380014
	7.682037

	5
	8.869275
	4.644348
	8.157994

	6
	9.61217
	4.442327
	8.60485

	7
	10.16532
	5.571919
	9.148012

	8
	10.673
	5.13288
	9.370735

	9
	11.1823
	5.240518
	9.734548

	10
	11.74644
	5.692049
	10.18381

	11
	12.30188
	6.866584
	10.80951

	12
	12.79584
	7.279251
	11.22922

	13
	13.36725
	8.653107
	11.926

	14
	13.94071
	8.957495
	12.39912

	15
	14.7127
	10.0816
	13.28238

	16
	15.98104
	11.16859
	14.36077

	17
	17.51079
	12.12487
	15.69327

	18
	19.73907
	15.45547
	18.12823

	19
	23.63959
	21.71583
	22.57779

	20
	31.56395
	30.1844
	30.58473


Table 6.3.2-3: Average of the evaluation results on 5%-tile Geometry when RU=20%

	Set
	[image: image86.png]I,r2/ Noe




	[image: image87.png]I,r3/ Noe




	[image: image88.png]I,r1/ Noc





	1
	1.688324
	-0.74216
	3.245691

	2
	4.702463
	1.411341
	5.03835

	3
	5.969692
	2.319278
	5.8034

	4
	6.886599
	3.099591
	6.465793

	5
	7.711274
	3.623639
	7.026627

	6
	8.368525
	3.263815
	7.336721

	7
	8.927038
	3.732688
	7.79261

	8
	9.440027
	4.18878
	8.191179

	9
	9.879704
	3.818742
	8.388394

	10
	10.44676
	4.57008
	8.920975

	11
	10.96829
	5.49135
	9.456105

	12
	11.4917
	6.139498
	9.952662

	13
	12.04102
	6.556575
	10.42053

	14
	12.62303
	7.520182
	11.03634

	15
	13.3614
	9.207155
	12.02681

	16
	14.63617
	9.856199
	13.05097

	17
	16.00842
	10.7457
	14.2136

	18
	18.29734
	13.92034
	16.6987

	19
	22.42477
	20.6187
	21.38866

	20
	30.33475
	28.92528
	29.35108


Table 6.3.2-4: Average of the evaluation results on 5%-tile Geometry when RU=30%

	Set
	[image: image89.png]I,r2/ Noe




	[image: image90.png]I,r3/ Noe




	[image: image91.png]I,r1/ Noc





	1
	1.340471
	-0.73621
	3.066401

	2
	3.922121
	0.993835
	4.484912

	3
	5.187652
	1.922775
	5.238305

	4
	6.05476
	2.421963
	5.779836

	5
	6.898605
	3.003966
	6.321041

	6
	7.553384
	3.273023
	6.799797

	7
	8.160243
	2.876637
	7.058987

	8
	8.630169
	3.315201
	7.446207

	9
	9.124317
	3.271485
	7.711411

	10
	9.693093
	3.685917
	8.182885

	11
	10.19666
	3.780769
	8.552738

	12
	10.78737
	5.862466
	9.369883

	13
	11.30776
	5.396398
	9.583789

	14
	11.96284
	6.454303
	10.30369

	15
	12.76359
	7.823391
	11.21865

	16
	13.99194
	9.088526
	12.36336

	17
	15.3589
	10.74759
	13.76737

	18
	17.44036
	13.573
	16.01893

	19
	21.18595
	19.28102
	20.15115

	20
	29.049
	27.70898
	28.10518


Table 6.3.2-5: Average of the evaluation results on 5%-tile Geometry when RU=40%

	Set
	[image: image92.png]I,r2/ Noe




	[image: image93.png]I,r3/ Noe
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	1
	0.461833
	-1.67387
	2.133637

	2
	3.25917
	-0.09161
	3.58993

	3
	4.514175
	0.946027
	4.364843

	4
	5.400436
	1.566172
	4.956724

	5
	6.133651
	1.913434
	5.42123

	6
	6.748279
	1.7434
	5.730042

	7
	7.313233
	2.000899
	6.153179

	8
	7.748046
	2.278033
	6.445109

	9
	8.225228
	2.145845
	6.709672

	10
	8.787896
	2.744118
	7.222942

	11
	9.285207
	3.698937
	7.755658

	12
	9.819048
	4.645791
	8.324226

	13
	10.37295
	5.212933
	8.840054

	14
	10.94882
	5.269169
	9.20864

	15
	11.68908
	7.118384
	10.25283

	16
	12.91856
	8.448295
	11.38806

	17
	14.2388
	9.174693
	12.54038

	18
	16.53651
	11.93096
	14.88085

	19
	20.82927
	19.10101
	19.81171

	20
	28.79057
	27.39967
	27.81409


Table 6.3.2-6: Average of the evaluation results on 5%-tile Geometry when RU=50%

	Set
	[image: image95.png]I,r2/ Noe
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	1
	0.193767
	-1.62617
	1.905836

	2
	2.812384
	-0.32936
	3.209827

	3
	4.014475
	0.432066
	3.90119

	4
	4.938483
	1.174056
	4.54566

	5
	5.712775
	1.222399
	4.939935

	6
	6.318586
	1.865218
	5.408159

	7
	6.86655
	1.788057
	5.761889

	8
	7.332964
	1.675406
	6.005829

	9
	7.857275
	1.295423
	6.294396

	10
	8.360306
	1.663436
	6.69237

	11
	8.863422
	3.242024
	7.313906

	12
	9.372357
	3.993497
	7.816062

	13
	9.975573
	4.24023
	8.329432

	14
	10.61356
	4.543516
	8.786584

	15
	11.39361
	5.931015
	9.760934

	16
	12.52511
	8.021431
	10.95724

	17
	13.88555
	9.659173
	12.42197

	18
	15.93891
	11.59175
	14.36208

	19
	19.70556
	17.20405
	18.49089

	20
	28.81026
	27.41629
	27.82856


6.3.3
Evaluation results

This sub-clause shows the evaluation results to show [image: image99.png]lorj/Noc G =1,-, M)



. Table 6.3.3-1 ~ Table 6.3.3-30 present the evaluation results generated by various interested companies.
Table 6.3.3-1 Evaluation results on 5%-tile Geometry when RU=0% (Ericsson)
	Set
	[image: image100.png]I,r2/ Noe




	[image: image101.png]I,r3/ Noe
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	1
	4.0965
	1.7782
	4.9246

	2
	6.1674
	1.7369
	5.8911

	3
	7.1445
	2.6459
	6.5477

	4
	8.0094
	4.9316
	7.4873

	5
	8.6782
	4.1177
	7.6057

	6
	9.1652
	4.1091
	7.9513

	7
	9.525
	4.1407
	8.2168

	8
	9.947
	4.0801
	8.4831

	9
	10.4993
	4.3961
	8.883

	10
	11.1632
	3.3492
	9.2125

	11
	11.632
	3.5642
	9.6213

	12
	12.1829
	10.0218
	11.3298

	13
	12.8271
	7.5578
	11.1193

	14
	13.6201
	11.6319
	12.7272

	15
	14.78
	13.6389
	14.2306

	16
	17.4855
	13.9272
	15.9238

	17
	20.1342
	14.4479
	17.9289

	18
	23.3618
	21.1991
	22.0175

	19
	25.8912
	25.2038
	25.2038

	20
	30.2131
	28.3017
	29.0742


Table 6.3.3-2: Evaluation results on 5%-tile Geometry when RU=10% (Ericsson)

	Set
	[image: image103.png]I,r2/ Noe




	[image: image104.png]I,r3/ Noe
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	1
	3.5163
	1.2147
	4.3469

	2
	5.5766
	1.0577
	5.2623

	3
	6.4835
	2.5451
	6.0029

	4
	7.3993
	3.7687
	6.7529

	5
	7.9266
	3.6329
	6.9649

	6
	8.5183
	2.7062
	7.1462

	7
	8.9451
	4.6591
	7.8545

	8
	9.2962
	3.2881
	7.7796

	9
	9.7268
	2.0575
	7.8981

	10
	10.429
	3.6572
	8.6226

	11
	11.0701
	5.5688
	9.4184

	12
	11.6392
	7.7812
	10.2895

	13
	12.3288
	9.3989
	11.2083

	14
	12.9538
	10.3426
	11.8398

	15
	14.1146
	12.8221
	13.5178

	16
	16.7213
	13.1824
	15.1644

	17
	19.7537
	14.2168
	17.5753

	18
	22.7968
	20.637
	21.4566

	19
	25.3857
	24.6973
	24.6973

	20
	29.6656
	27.7942
	28.5431


Table 6.3.3-3: Evaluation results on 5%-tile Geometry when RU=20% (Ericsson)

	Set
	[image: image106.png]I,r2/ Noe
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	1
	3.0393
	0.7111
	3.8656

	2
	4.994
	0.5338
	4.7219

	3
	5.9636
	2.0736
	5.4303

	4
	6.7551
	2.8037
	6.0653

	5
	7.4232
	3.6852
	6.5851

	6
	7.9914
	2.0989
	6.568

	7
	8.4309
	3.4433
	7.1772

	8
	8.8418
	3.3645
	7.4437

	9
	9.1376
	1.5479
	7.3293

	10
	9.9406
	3.2458
	8.1662

	11
	10.4595
	5.1425
	8.872

	12
	11.1755
	7.3394
	9.806

	13
	11.7827
	8.8282
	10.6669

	14
	12.4318
	9.5146
	11.2208

	15
	13.576
	12.4446
	13.0319

	16
	16.3664
	12.8714
	14.8211

	17
	19.0009
	13.3338
	16.7986

	18
	22.1964
	20.7543
	21.1836

	19
	24.7909
	23.7677
	23.9322

	20
	29.1815
	27.3418
	28.0702


Table 6.3.3-4: Evaluation results on 5%-tile Geometry when RU=30% (Ericsson)

	Set
	[image: image109.png]I,r2/ Noe
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	1
	2.5834
	0.27
	3.42

	2
	4.4712
	-0.06
	4.17

	3
	5.468
	1.10
	4.91

	4
	6.3746
	3.11
	5.82

	5
	6.9314
	2.84
	5.93

	6
	7.552
	2.65
	6.37

	7
	7.9066
	2.36
	6.61

	8
	8.2636
	2.39
	6.81

	9
	8.6608
	1.18
	6.79

	10
	9.3967
	1.78
	7.51

	11
	9.9716
	2.76
	8.06

	12
	10.6743
	8.47
	9.82

	13
	11.3093
	6.18
	9.62

	14
	11.9799
	9.85
	11.03

	15
	13.1589
	12.07
	12.63

	16
	15.8386
	12.42
	14.32

	17
	18.5205
	12.73
	16.30

	18
	21.693
	20.27
	20.69

	19
	24.2764
	23.25
	23.41

	20
	28.8015
	26.96
	27.69


Table 6.3.3-5: Evaluation results on 5%-tile Geometry when RU=40% (Ericsson)

	Set
	[image: image112.png]I,r2/ Noe




	[image: image113.png]I,r3/ Noe
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	1
	2.2
	-0.1034
	3.0423

	2
	4.067
	-0.4292
	3.7896

	3
	5.1143
	1.2151
	4.614

	4
	5.9796
	2.2487
	5.3023

	5
	6.5987
	2.6773
	5.6669

	6
	6.971
	1.5989
	5.723

	7
	7.4951
	2.4231
	6.2627

	8
	7.7815
	1.8054
	6.2963

	9
	8.2233
	0.9184
	6.3925

	10
	8.9853
	1.6591
	7.1154

	11
	9.5494
	4.6297
	8.0477

	12
	10.2471
	7.0822
	9.079

	13
	10.8842
	8.481
	9.9193

	14
	11.6361
	7.4302
	10.0691

	15
	12.7594
	11.6489
	12.2218

	16
	15.4238
	12.0631
	13.9183

	17
	17.9818
	12.109
	15.7452

	18
	21.2912
	19.8444
	20.2742

	19
	23.8717
	22.8502
	23.0141

	20
	28.3591
	26.5279
	27.2529


Table 6.3.3-6: Evaluation results on 5%-tile Geometry when RU=50% (Ericsson)

	Set
	[image: image115.png]I,r2/ Noe




	[image: image116.png]I,r3/ Noe
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	1
	1.66
	-0.694
	2.4773

	2
	3.7102
	-0.7832
	3.3987

	3
	4.7239
	0.2804
	4.1639

	4
	5.658
	2.6694
	5.1396

	5
	6.2247
	1.3402
	5.0694

	6
	6.5929
	1.7029
	5.4593

	7
	7.0581
	2.0396
	5.8361

	8
	7.4949
	1.8205
	6.0462

	9
	7.9326
	1.2891
	6.2256

	10
	8.5997
	0.4051
	6.6098

	11
	9.2187
	3.1217
	7.5238

	12
	9.8034
	6.2402
	8.5209

	13
	10.4598
	8.6844
	9.6954

	14
	11.2163
	7.087
	9.6697

	15
	12.4517
	11.3328
	11.9105

	16
	15.0892
	11.7212
	13.5821

	17
	17.6509
	11.9487
	15.4433

	18
	20.9204
	19.4938
	19.9123

	19
	23.6473
	22.6315
	22.7923

	20
	27.8753
	26.0185
	26.7586


Table 6.3.3-7: Evaluation results on 5%-tile Geometry when RU=0% (Renesas Mobile Europe Ltd)

	Set
	[image: image118.png]I,r2/ Noe




	[image: image119.png]I,r3/ Noe
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	1
	0.28
	-1.85
	2.25

	2
	3.88
	0.54
	4.21

	3
	5.17
	1.79
	5.24

	4
	6.12
	3.06
	5.90

	5
	6.94
	2.77
	6.21

	6
	7.62
	3.79
	6.86

	7
	8.16
	4.27
	7.33

	8
	8.68
	4.46
	7.61

	9
	9.20
	5.05
	8.09

	10
	9.76
	5.17
	8.39

	11
	10.22
	6.02
	8.89

	12
	10.77
	5.48
	9.17

	13
	11.35
	7.03
	9.93

	14
	11.88
	6.26
	10.08

	15
	12.57
	7.53
	10.88

	16
	13.38
	8.23
	11.57

	17
	14.44
	8.73
	12.42

	18
	16.29
	12.62
	14.69

	19
	19.84
	17.38
	18.42

	20
	28.25
	26.51
	26.98


Table 6.3.3-8: Evaluation results on 5%-tile Geometry when RU=10% (Renesas Mobile Europe Ltd)

	Set
	[image: image121.png]I,r2/ Noe




	[image: image122.png]I,r3/ Noe




	[image: image123.png]I,r1/ Noc





	1
	-0.23
	-2.25
	1.87

	2
	3.30
	0.22
	3.79

	3
	4.53
	1.29
	4.56

	4
	5.51
	2.12
	5.16

	5
	6.30
	2.22
	5.68

	6
	6.91
	2.66
	6.08

	7
	7.47
	3.65
	6.56

	8
	7.99
	4.09
	7.00

	9
	8.48
	3.90
	7.23

	10
	9.03
	4.47
	7.71

	11
	9.51
	5.06
	8.13

	12
	9.96
	5.17
	8.48

	13
	10.50
	6.11
	8.99

	14
	11.06
	5.72
	9.33

	15
	11.61
	6.79
	9.93

	16
	12.36
	6.78
	10.44

	17
	13.28
	7.52
	11.27

	18
	15.01
	11.09
	13.28

	19
	18.63
	16.47
	17.30

	20
	27.39
	25.82
	26.18


Table 6.3.3-9: Evaluation results on 5%-tile Geometry when RU=20% (Renesas Mobile Europe Ltd)

	Set
	[image: image124.png]I,r2/ Noe




	[image: image125.png]I,r3/ Noe




	[image: image126.png]I,r1/ Noc





	1
	-0.70
	-2.73
	1.48

	2
	2.76
	-0.34
	3.26

	3
	4.01
	0.70
	3.98

	4
	4.97
	1.50
	4.64

	5
	5.72
	1.70
	5.09

	6
	6.34
	1.94
	5.46

	7
	6.90
	2.91
	5.97

	8
	7.39
	3.49
	6.40

	9
	7.87
	3.22
	6.59

	10
	8.37
	3.74
	7.03

	11
	8.87
	4.48
	7.51

	12
	9.34
	5.32
	8.00

	13
	9.85
	4.91
	8.21

	14
	10.37
	5.35
	8.69

	15
	10.88
	5.77
	9.14

	16
	11.56
	6.17
	9.68

	17
	12.40
	6.78
	10.40

	18
	14.13
	9.71
	12.26

	19
	17.87
	15.93
	16.62

	20
	26.77
	25.28
	25.59


Table 6.3.3-10: Evaluation results on 5%-tile Geometry when RU=30% (Renesas Mobile Europe Ltd)

	Set
	[image: image127.png]I,r2/ Noe




	[image: image128.png]I,r3/ Noe




	[image: image129.png]I,r1/ Noc





	1
	-1.13
	-3.18
	1.05

	2
	2.28
	-0.92
	2.76

	3
	3.54
	0.37
	3.57

	4
	4.49
	1.07
	4.15

	5
	5.22
	1.23
	4.61

	6
	5.83
	1.40
	4.95

	7
	6.38
	1.89
	5.35

	8
	6.85
	2.93
	5.84

	9
	7.36
	2.89
	6.11

	10
	7.83
	3.10
	6.45

	11
	8.32
	3.55
	6.87

	12
	8.81
	4.96
	7.49

	13
	9.30
	4.79
	7.78

	14
	9.79
	4.41
	8.02

	15
	10.26
	5.42
	8.56

	16
	10.90
	5.39
	9.00

	17
	11.74
	5.76
	9.65

	18
	13.44
	8.90
	11.54

	19
	17.26
	15.48
	16.06

	20
	26.27
	24.82
	25.10


Table 6.3.3-11: Evaluation results on 5%-tile Geometry when RU=40% (Renesas Mobile Europe Ltd)

	Set
	[image: image130.png]I,r2/ Noe




	[image: image131.png]I,r3/ Noe




	[image: image132.png]I,r1/ Noc





	1
	-1.52
	-3.47
	0.72

	2
	1.86
	-1.28
	2.33

	3
	3.11
	-0.21
	3.11

	4
	4.06
	0.63
	3.73

	5
	4.76
	0.81
	4.16

	6
	5.38
	1.00
	4.50

	7
	5.91
	1.13
	4.83

	8
	6.39
	2.32
	5.34

	9
	6.90
	2.30
	5.62

	10
	7.36
	2.73
	5.99

	11
	7.84
	3.44
	6.45

	12
	8.33
	4.30
	6.98

	13
	8.82
	4.16
	7.25

	14
	9.26
	4.23
	7.57

	15
	9.75
	5.11
	8.09

	16
	10.35
	4.13
	8.30

	17
	11.20
	5.28
	9.12

	18
	12.85
	8.35
	10.95

	19
	16.74
	15.15
	15.62

	20
	25.83
	24.40
	24.68


Table 6.3.3-12: Evaluation results on 5%-tile Geometry when RU=50% (Renesas Mobile Europe Ltd)

	Set
	[image: image133.png]I,r2/ Noe




	[image: image134.png]I,r3/ Noe




	[image: image135.png]I,r1/ Noc





	1
	-1.88
	-3.75
	0.38

	2
	1.48
	-1.54
	1.98

	3
	2.72
	-0.78
	2.67

	4
	3.66
	0.22
	3.34

	5
	4.34
	0.51
	3.75

	6
	4.96
	0.27
	4.04

	7
	5.50
	0.85
	4.44

	8
	5.98
	1.68
	4.87

	9
	6.48
	2.02
	5.23

	10
	6.94
	2.49
	5.62

	11
	7.41
	3.23
	6.07

	12
	7.89
	3.65
	6.49

	13
	8.38
	3.80
	6.83

	14
	8.80
	3.88
	7.15

	15
	9.30
	4.23
	7.52

	16
	9.87
	4.21
	7.93

	17
	10.73
	4.59
	8.60

	18
	12.34
	7.72
	10.41

	19
	16.30
	14.80
	15.22

	20
	25.45
	24.04
	24.31


Table 6.3.3-13: Evaluation results on 5%-tile Geometry when RU=0% (Nokia Siemens network)

	Set
	[image: image136.png]I,r2/ Noe




	[image: image137.png]I,r3/ Noe




	[image: image138.png]I,r1/ Noc





	1
	4.7
	0.6
	5.6

	2
	9.5
	4.4
	9.1

	3
	12.1
	7.2
	11.7

	4
	14.2
	8.9
	13.4

	5
	15.7
	9.5
	14.6

	6
	16.8
	11.4
	15.9

	7
	17.9
	11.2
	16.6

	8
	19.0
	11.7
	17.5

	9
	20.1
	13.9
	18.8

	10
	21.0
	14.5
	19.7

	11
	22.0
	14.6
	20.5

	12
	23.0
	16.5
	21.6

	13
	23.9
	17.1
	22.5

	14
	25.0
	18.9
	23.7

	15
	26.1
	18.8
	24.5

	16
	27.6
	22.0
	26.1

	17
	29.3
	24.0
	28.0

	18
	31.5
	25.5
	29.9

	19
	34.6
	30.1
	33.4

	20
	43.8
	40.6
	42.6


Table 6.3.3-14: Evaluation results on 5%-tile Geometry when RU=10% (Nokia Siemens network)

	Set
	[image: image139.png]I,r2/ Noe




	[image: image140.png]I,r3/ Noe




	[image: image141.png]I,r1/ Noc





	1
	3.4
	0.0
	4.8

	2
	7.4
	3.5
	7.5

	3
	9.0
	4.7
	8.8

	4
	10.2
	5.2
	9.7

	5
	11.1
	6.6
	10.5

	6
	12.1
	6.1
	11.2

	7
	12.7
	7.0
	11.6

	8
	13.3
	6.4
	11.9

	9
	13.9
	7.4
	12.5

	10
	14.4
	7.1
	12.7

	11
	14.9
	7.5
	13.3

	12
	15.3
	7.8
	13.6

	13
	15.8
	8.9
	14.2

	14
	16.4
	8.3
	14.5

	15
	17.2
	9.7
	15.4

	16
	18.1
	11.4
	16.4

	17
	19.1
	12.4
	17.5

	18
	21.3
	13.5
	19.3

	19
	26.1
	23.2
	25.0

	20
	34.5
	33.4
	33.7


Table 6.3.3-15: Evaluation results on 5%-tile Geometry when RU=20% (Nokia Siemens network)

	Set
	[image: image142.png]I,r2/ Noe




	[image: image143.png]I,r3/ Noe




	[image: image144.png]I,r1/ Noc





	1
	2.3
	-0.8
	3.9

	2
	5.8
	2.3
	6.2

	3
	7.2
	2.9
	7.0

	4
	8.2
	3.6
	7.7

	5
	9.1
	4.1
	8.4

	6
	9.8
	4.0
	8.8

	7
	10.5
	4.0
	9.3

	8
	11.1
	5.0
	9.8

	9
	11.6
	4.9
	10.1

	10
	12.0
	4.9
	10.4

	11
	12.5
	5.3
	10.9

	12
	13.0
	4.5
	11.1

	13
	13.5
	5.6
	11.6

	14
	14.1
	6.3
	12.2

	15
	14.7
	8.2
	13.1

	16
	15.6
	8.3
	13.9

	17
	16.6
	10.0
	14.9

	18
	18.8
	10.9
	16.8

	19
	24.0
	21.4
	23.0

	20
	32.3
	31.1
	31.5


Table 6.3.3-16: Evaluation results on 5%-tile Geometry when RU=30% (Nokia Siemens network)

	Set
	[image: image145.png]I,r2/ Noe




	[image: image146.png]I,r3/ Noe




	[image: image147.png]I,r1/ Noc





	1
	1.3
	-1.27
	3.1

	2
	4.7
	1.08
	5.1

	3
	6.0
	1.77
	5.8

	4
	6.9
	1.77
	6.3

	5
	7.6
	3.03
	7.1

	6
	8.4
	2.74
	7.4

	7
	9.1
	2.40
	7.8

	8
	9.6
	3.29
	8.3

	9
	10.1
	3.13
	8.5

	10
	10.5
	3.92
	9.1

	11
	11.0
	3.13
	9.3

	12
	11.5
	3.28
	9.6

	13
	12.0
	3.85
	10.1

	14
	12.6
	4.55
	10.7

	15
	13.2
	6.23
	11.5

	16
	14.0
	7.96
	12.6

	17
	15.0
	8.31
	13.3

	18
	17.3
	9.34
	15.3

	19
	22.7
	20.04
	21.6

	20
	31.0
	29.72
	30.1


Table 6.3.3-17: Evaluation results on 5%-tile Geometry when RU=40% (Nokia Siemens network)

	Set
	[image: image148.png]I,r2/ Noe




	[image: image149.png]I,r3/ Noe




	[image: image150.png]I,r1/ Noc





	1
	0.6
	-1.5
	2.5

	2
	3.7
	-0.1
	4.1

	3
	5.0
	0.9
	4.9

	4
	5.9
	0.9
	5.4

	5
	6.6
	1.5
	5.9

	6
	7.3
	1.6
	6.3

	7
	8.0
	1.4
	6.8

	8
	8.5
	2.1
	7.1

	9
	9.0
	2.4
	7.5

	10
	9.4
	2.7
	7.9

	11
	9.9
	1.9
	8.2

	12
	10.4
	2.5
	8.6

	13
	10.9
	2.1
	8.9

	14
	11.5
	3.4
	9.6

	15
	12.1
	4.9
	10.4

	16
	12.9
	7.5
	11.5

	17
	13.8
	7.3
	12.3

	18
	16.2
	7.9
	14.1

	19
	21.6
	19.1
	20.6

	20
	30.0
	28.7
	29.1


Table 6.3.3-18: Evaluation results on 5%-tile Geometry when RU=50% (Nokia Siemens network)

	Set
	[image: image151.png]I,r2/ Noe




	[image: image152.png]I,r3/ Noe




	[image: image153.png]I,r1/ Noc





	1
	-0.1
	-2.1
	1.8

	2
	3.0
	-0.7
	3.4

	3
	4.2
	0.1
	4.1

	4
	5.1
	0.1
	4.6

	5
	5.8
	0.7
	5.1

	6
	6.5
	0.8
	5.5

	7
	7.1
	0.8
	5.9

	8
	7.6
	1.1
	6.3

	9
	8.1
	1.2
	6.5

	10
	8.6
	1.8
	7.0

	11
	9.0
	1.2
	7.3

	12
	9.5
	1.5
	7.7

	13
	10.0
	1.4
	8.0

	14
	10.6
	2.5
	8.7

	15
	11.3
	3.5
	9.4

	16
	12.0
	6.7
	10.7

	17
	12.9
	6.8
	11.4

	18
	15.3
	6.7
	13.2

	19
	20.8
	18.6
	19.8

	20
	29.2
	27.9
	28.3


Table 6.3.3-19: Evaluation results on 5%-tile Geometry when RU=0% (LG Electronics)

	Set
	[image: image154.png]I,r2/ Noe




	[image: image155.png]I,r3/ Noe




	[image: image156.png]I,r1/ Noc





	1
	4.58 
	1.90 
	5.71 

	2
	8.47 
	6.13 
	9.13 

	3
	10.48 
	7.28 
	10.53 

	4
	11.60 
	7.80 
	11.16 

	5
	12.53 
	9.03 
	12.09 

	6
	13.48 
	9.28 
	12.63 

	7
	14.29 
	9.88 
	13.44 

	8
	14.89 
	10.80 
	13.92 

	9
	15.59 
	10.99 
	14.41 

	10
	16.16 
	11.79 
	14.92 

	11
	16.69 
	12.61 
	15.47 

	12
	17.30 
	12.07 
	15.80 

	13
	17.95 
	13.27 
	16.44 

	14
	18.56 
	13.62 
	16.94 

	15
	19.21 
	14.44 
	17.63 

	16
	20.06 
	15.98 
	18.56 

	17
	21.28 
	17.76 
	19.86 

	18
	23.17 
	20.11 
	21.83 

	19
	26.94 
	24.42 
	25.64 

	20
	37.57 
	36.59 
	36.81 


Table 6.3.3-20: Evaluation results on 5%-tile Geometry when RU=10% (LG Electronics)

	Set
	[image: image157.png]I,r2/ Noe




	[image: image158.png]I,r3/ Noe




	[image: image159.png]I,r1/ Noc





	1
	3.22 
	0.94 
	4.77 

	2
	6.55 
	4.60 
	7.34 

	3
	8.16 
	4.49 
	8.05 

	4
	9.23 
	6.41 
	9.11 

	5
	10.15 
	6.17 
	9.46 

	6
	10.92 
	6.35 
	10.00 

	7
	11.50 
	7.00 
	10.54 

	8
	12.05 
	6.73 
	10.79 

	9
	12.61 
	7.59 
	11.31 

	10
	13.17 
	7.52 
	11.65 

	11
	13.77 
	9.35 
	12.41 

	12
	14.25 
	8.37 
	12.55 

	13
	14.80 
	10.21 
	13.31 

	14
	15.33 
	11.43 
	13.93 

	15
	15.94 
	11.05 
	14.26 

	16
	16.76 
	13.35 
	15.41 

	17
	17.88 
	14.34 
	16.46 

	18
	19.90 
	16.60 
	18.47 

	19
	24.49 
	22.45 
	23.33 

	20
	34.68 
	33.67 
	33.91 


Table 6.3.3-21: Evaluation results on 5%-tile Geometry when RU=20% (LG Electronics)

	Set
	[image: image160.png]I,r2/ Noe




	[image: image161.png]I,r3/ Noe




	[image: image162.png]I,r1/ Noc





	1
	2.17 
	-0.13 
	3.77 

	2
	5.21 
	3.12 
	5.96 

	3
	6.72 
	3.62 
	6.78 

	4
	7.65 
	4.49 
	7.42 

	5
	8.64 
	5.02 
	8.05 

	6
	9.35 
	5.00 
	8.48 

	7
	9.91 
	4.54 
	8.73 

	8
	10.42 
	4.95 
	9.11 

	9
	10.93 
	5.61 
	9.56 

	10
	11.47 
	6.43 
	10.05 

	11
	12.04 
	7.04 
	10.55 

	12
	12.48 
	7.37 
	10.92 

	13
	13.05 
	6.93 
	11.23 

	14
	13.61 
	8.94 
	12.02 

	15
	14.26 
	10.39 
	12.80 

	16
	15.04 
	12.07 
	13.84 

	17
	16.07 
	12.88 
	14.74 

	18
	18.09 
	14.34 
	16.54 

	19
	23.01 
	21.36 
	22.00 

	20
	33.04 
	32.01 
	32.27 


Table 6.3.3-22: Evaluation results on 5%-tile Geometry when RU=30% (LG Electronics)

	Set
	[image: image163.png]I,r2/ Noe




	[image: image164.png]I,r3/ Noe




	[image: image165.png]I,r1/ Noc





	1
	1.33 
	-0.93 
	2.97 

	2
	4.19 
	2.07 
	4.92 

	3
	5.64 
	2.78 
	5.70 

	4
	6.54 
	3.25 
	6.29 

	5
	7.50 
	3.82 
	6.92 

	6
	8.22 
	3.77 
	7.30 

	7
	8.75 
	3.63 
	7.62 

	8
	9.24 
	3.17 
	7.82 

	9
	9.74 
	4.15 
	8.31 

	10
	10.31 
	4.93 
	8.80 

	11
	10.80 
	5.47 
	9.27 

	12
	11.26 
	6.21 
	9.72 

	13
	11.81 
	6.07 
	10.05 

	14
	12.36 
	7.45 
	10.70 

	15
	13.08 
	7.81 
	11.28 

	16
	13.87 
	11.47 
	12.85 

	17
	14.86 
	12.04 
	13.64 

	18
	16.81 
	12.76 
	15.18 

	19
	21.95 
	20.34 
	20.96 

	20
	31.89 
	30.85 
	31.11 


Table 6.3.3-23: Evaluation results on 5%-tile Geometry when RU=40% (LG Electronics)

	Set
	[image: image166.png]I,r2/ Noe




	[image: image167.png]I,r3/ Noe




	[image: image168.png]I,r1/ Noc





	1
	0.61 
	-1.67 
	2.28 

	2
	3.37 
	1.41 
	4.14 

	3
	4.81 
	1.91 
	4.85 

	4
	5.65 
	2.52 
	5.44 

	5
	6.58 
	2.63 
	5.95 

	6
	7.34 
	2.73 
	6.40 

	7
	7.86 
	3.06 
	6.75 

	8
	8.31 
	2.92 
	7.01 

	9
	8.83 
	2.95 
	7.33 

	10
	9.37 
	3.87 
	7.87 

	11
	9.87 
	4.82 
	8.36 

	12
	10.31 
	4.71 
	8.67 

	13
	10.87 
	6.15 
	9.30 

	14
	11.39 
	5.99 
	9.63 

	15
	12.13 
	6.80 
	10.32 

	16
	12.97 
	10.12 
	11.80 

	17
	13.94 
	11.98 
	13.04 

	18
	15.83 
	11.63 
	14.15 

	19
	21.09 
	19.29 
	20.01 

	20
	30.99 
	29.97 
	30.22 


Table 6.3.3-24: Evaluation results on 5%-tile Geometry when RU=50% (LG Electronics)

	Set
	[image: image169.png]I,r2/ Noe




	[image: image170.png]I,r3/ Noe




	[image: image171.png]I,r1/ Noc





	1
	0.00 
	-2.11 
	1.73 

	2
	2.68 
	0.50 
	3.38 

	3
	4.10 
	1.28 
	4.17 

	4
	4.94 
	1.64 
	4.67 

	5
	5.83 
	2.00 
	5.22 

	6
	6.57 
	2.17 
	5.67 

	7
	7.13 
	2.13 
	6.01 

	8
	7.57 
	2.20 
	6.24 

	9
	8.08 
	2.04 
	6.57 

	10
	8.59 
	1.83 
	6.89 

	11
	9.09 
	4.46 
	7.66 

	12
	9.55 
	3.88 
	7.90 

	13
	10.10 
	5.23 
	8.50 

	14
	10.60 
	5.51 
	8.91 

	15
	11.35 
	5.95 
	9.53 

	16
	12.23 
	9.28 
	11.02 

	17
	13.20 
	11.37 
	12.35 

	18
	15.04 
	10.87 
	13.37 

	19
	20.38 
	18.59 
	19.31 

	20
	30.25 
	29.23 
	29.48 


Table 6.3.3-25: Evaluation results on 5%-tile Geometry when RU=0% (Huawei)

	Set
	[image: image172.png]I,r2/ Noe




	[image: image173.png]I,r3/ Noe




	[image: image174.png]I,r1/ Noc





	1
	6
	2.7
	6.9

	2
	10.3
	7.4
	10.7

	3
	12
	8.4
	11.72

	4
	13.6
	10.5
	13.5

	5
	15.1
	10.2
	14.1

	6
	16.1
	12.7
	15.8

	7
	17.2
	13.6
	16.5

	8
	18.5
	14.7
	17.6

	9
	19.5
	14.6
	18.4

	10
	21
	17.7
	20.2

	11
	22.1
	18.4
	21.1

	12
	23.3
	19.4
	22.4

	13
	24.5
	21.1
	23.5

	14
	25.6
	21.7
	24.4

	15
	26.9
	24.4
	26.2

	16
	28
	25.4
	27.4

	17
	29.7
	26.5
	28.6

	18
	31.6
	28.5
	30.4

	19
	35
	30.8
	33.5

	20
	45.8
	44.5
	44.9


Table 6.3.3-26: Evaluation results on 5%-tile Geometry when RU=10% (Huawei)

	Set
	[image: image175.png]I,r2/ Noe




	[image: image176.png]I,r3/ Noe




	[image: image177.png]I,r1/ Noc





	1
	4.4
	1.2
	5.7

	2
	7.2
	5.5
	8.4

	3
	8.9
	6.7
	9.3

	4
	10.1
	6.8
	10

	5
	11.1
	6.6
	10.4

	6
	11.9
	8
	11.3

	7
	12.8
	7.9
	11.8

	8
	13.4
	7.8
	12.2

	9
	13.9
	9
	12.8

	10
	14.5
	10.1
	13.2

	11
	15.2
	10.1
	13.8

	12
	15.9
	12.2
	14.6

	13
	16.5
	12.6
	15.2

	14
	17.4
	10.8
	15.5

	15
	18.4
	12.3
	16.5

	16
	19.4
	15.4
	17.9

	17
	20.5
	17.7
	19.3

	18
	22.2
	21.1
	21.7

	19
	23.9
	21.3
	22.8

	20
	35.1
	33.6
	34.1


Table 6.3.3-27: Evaluation results on 5%-tile Geometry when RU=20% (Huawei)

	Set
	[image: image178.png]I,r2/ Noe




	[image: image179.png]I,r3/ Noe




	[image: image180.png]I,r1/ Noc





	1
	2.7
	0.55
	4.5

	2
	5.7
	3.38
	6.5

	3
	7.2
	3.98
	7.4

	4
	7.9
	4.52
	7.9

	5
	8.8
	5.35
	8.5

	6
	9.6
	5.23
	8.9

	7
	10.1
	5.73
	9.3

	8
	10.9
	5.66
	9.7

	9
	11.4
	6.18
	10.3

	10
	12.1
	5.93
	10.6

	11
	12.9
	8.1
	11.5

	12
	13.6
	9.74
	12.3

	13
	14.2
	11.2
	13.1

	14
	15
	10.64
	13.4

	15
	15.9
	9.76
	14

	16
	17.4
	13.89
	16

	17
	18.9
	17.77
	18.3

	18
	20.1
	18.5
	19.4

	19
	22.1
	20.47
	21.3

	20
	32.1
	30.35
	31


Table 6.3.3-28: Evaluation results on 5%-tile Geometry when RU=30% (Huawei)

	Set
	[image: image181.png]I,r2/ Noe




	[image: image182.png]I,r3/ Noe




	[image: image183.png]I,r1/ Noc





	1
	2.6
	1.42
	4.80

	2
	4
	2.80
	5.50

	3
	5.3
	3.60
	6.20

	4
	6
	2.90
	6.30

	5
	7.2
	4.10
	7.10

	6
	7.8
	5.80
	8.00

	7
	8.7
	4.10
	7.90

	8
	9.2
	4.80
	8.50

	9
	9.8
	5.00
	8.80

	10
	10.4
	4.70
	9.10

	11
	10.9
	4.00
	9.30

	12
	11.7
	6.40
	10.20

	13
	12.1
	6.10
	10.40

	14
	13.1
	6.00
	11.10

	15
	14.1
	7.60
	12.10

	16
	15.3
	8.20
	13.10

	17
	16.7
	14.90
	15.90

	18
	18
	16.60
	17.40

	19
	19.8
	17.30
	18.70

	20
	27.3
	26.20
	26.50


Table 6.3.3-29: Evaluation results on 5%-tile Geometry when RU=40% (Huawei)

	Set
	[image: image184.png]I,r2/ Noe
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	1
	1
	-1.4
	2.6

	2
	3.9
	1.5
	4.6

	3
	5
	2
	5.2

	4
	6.2
	2.1
	5.9

	5
	7.2
	2.9
	6.5

	6
	7.8
	2.9
	6.9

	7
	8.4
	2.6
	7.2

	8
	9.1
	3.8
	7.8

	9
	9.6
	3.9
	8.2

	10
	10.2
	3.9
	8.5

	11
	10.9
	5.6
	9.4

	12
	11.6
	6.7
	10

	13
	12.3
	7.7
	10.7

	14
	13.1
	7.8
	11.4

	15
	14.6
	12.8
	13.8

	16
	16.4
	14.7
	15.6

	17
	17.8
	16.9
	17.4

	18
	19.5
	18.8
	19.1

	19
	21.1
	20.9
	21

	20
	27.9
	26
	26.8


Table 6.3.3-30: Evaluation results on 5%-tile Geometry when RU=50% (Huawei)

	Set
	[image: image187.png]I,r2/ Noe
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	1
	1.30
	0.50
	3.1

	2
	3.20
	0.90
	3.9

	3
	4.30
	1.30
	4.4

	4
	5.30
	1.20
	5

	5
	6.40
	1.60
	5.6

	6
	7.00
	4.40
	6.4

	7
	7.50
	3.10
	6.6

	8
	8.00
	1.60
	6.6

	9
	8.70
	-0.10
	6.9

	10
	9.10
	1.80
	7.3

	11
	9.60
	4.20
	8

	12
	10.10
	4.70
	8.5

	13
	10.90
	2.10
	8.6

	14
	11.80
	3.70
	9.5

	15
	12.60
	4.60
	10.4

	16
	13.40
	8.20
	11.6

	17
	14.90
	13.60
	14.3

	18
	16.10
	13.20
	14.9

	19
	17.40
	11.40
	15.3

	20
	31.30
	29.90
	30.3


7
Link performance characterization
7.1
General
The purpose of this clause is to analyse the performance gain from link-level simulation results. Emphasis is on results that were based on agreed set of simulation assumption. This clause introduces an evaluation framework for link-level simulations. As described in clause 6, interference modelling was performed by interested companies in order to reach an agreement of link-level simulation assumptions.
7.2
Detail of simulation assumption for link-level simulation
The link-level assumptions are summarized in Table 7.2-1. 
Table 7.2-1: Link level simulation assumptions for CRS-IM investigations in homogeneous deployments
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Transmission mode in serving cell
	Option A (baseline): TM2

Option B (interested companies): TM4

	Transmission mode in interfering cells
	Use TM3 for TM2 serving, and use TM4 for TM4 serving

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of explicitly modeled interfering cells
	Option A (baseline): 2 interfering cells

Option B (interested companies): 3 or more interfering cells are investigated in order to check whether 2 cells model sufficiently well non-full-buffer interference

	Signal level for serving cell CRS (Es/Noc)
	Range of Es/Noc: Based on Table 7.3-1

	Signal level for interfering cells CRS (interference over Noc)
	1st  interfering cell
	2nd interfering cell

	
	INR1(Table 7.3-1)
	INR2(Table 7.3-1)

	Other cells interference
	AWGN with 1 Noc level

	Network synchronization in time
	All cells are synchronous

	
	Time-delay wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	[3 us]
	[-1 us]

	Network synchronization in frequency
	Frequency shift wrt. serving cell

	
	1st interfering cell
	2nd interfering cell

	
	300 Hz
	-100 Hz

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between explicitly modeled serving and the first two interfering cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-3 dB in all modeled cells

	
	B
	-3 dB in all modeled cells (PB=1)

	
	
	0 dB in all modeled cells

	CSI reference signals
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A

	CSI reference signal configuration
	N/A

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	PUCCH 1-0 for TM2 and PUCCH 1-1 for TM4

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds
	8 milliseconds

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Time/frequency tracking at the UE
	Practical algorithms should be used

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH 

PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	Rank-1

	
	PMI
	TM2: N/A
	TM4: Follow wideband PMI

	
	Modulation
	Option 1 (baseline): Inner- and outer-link adaptation targeting 10% BLER for the 1st transmission

Option 2 (interested companies): Fixed MCS (MCS set TBD) 

(Note : The baseline assumption does not preclude the use of fixed MCS for any future performance requirement which may be developed for homogeneous CRS-IM)

	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells; 

ON/OFF pattern depends on the Possion distribution

	
	Rank
	Randomly changing rank per allocated subband from subframe to subframe: 80% rank-1, 20% rank-2

	
	PMI
	TM3: N/A
	TM4: Random PMI per allocated subband

	
	Modulation
	Randomly modulated 16QAM symbols over allocated interfering resources

	
	Code rate
	-

	
	Channel coding, rate matching
	-

	
	CRC
	

	Non-full buffer interference
	Model
	Interfering PDSCH transmissions in interfering cells are randomly & independently active over the full band with an activity in time domain equal on average to the targeted resource utilization

	
	Average resource utilization
	{10%, 20%, 30%, 40%, 50%}

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. serving cell Es/Noc

	UE receiver
	Detector
	MMSE-IRC with CRS based interference covariance estimation as defined in TR36.829

	
	CRS-IM
	Without CRS-IM

	
	
	With CRS-IM for the 1st strongest interfering cell

	
	
	With CRS-IM for the 1st and 2nd strongest interfering cells


7.3
Average simulation results

Table 7.3-1 provides the averaged simulation results for the agreed link-level simulation scenario on conditional [image: image191.png]lorj/Noc



. The details of simulation result by interested companies are provided in Clause 7.4. 

Table 7.3‑1: Average link simulation results for agreed link-level simulation scenario on conditional [image: image193.png]ori/Noc




	 
	Set
	[image: image194.png]I,r2/ Noe
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	Average throughput

Gain of CRS-IM over non-CRS-IM receiver

	10%
	1
	2.5
	0
	4
	9.45%

	
	5
	8.9
	4.6
	8.2
	27.28%

	
	10
	11.7
	5.7
	10.2
	36.35%

	
	15
	14.7
	10.1
	13.3
	52.56%

	
	20
	31.6
	30.2
	30.6
	84.16%

	20%
	1
	1.7
	-0.7
	3.2
	7.33%

	
	5
	7.7
	3.6
	7
	21.56%

	
	10
	10.4
	4.6
	8.9
	29.01%

	
	15
	13.4
	9.2
	12
	42.37%

	
	20
	30.3
	28.9
	29.4
	74.58%

	30%
	1
	1.3
	-0.7
	3.1
	7.13%

	
	5
	6.9
	3
	6.3
	17.40%

	
	10
	9.7
	3.7
	8.2
	25.32%

	
	15
	12.8
	7.8
	11.2
	34.67%

	
	20
	29
	27.7
	28.1
	68.66%

	40%
	1
	0.5
	-1.7
	2.1
	6.40%

	
	5
	6.1
	1.9
	5.4
	15.09%

	
	10
	8.8
	2.7
	7.2
	19.69%

	
	15
	11.7
	7.1
	10.3
	27.12%

	
	20
	28.8
	27.4
	27.8
	61.74%

	50%
	1
	0.2
	-1.6
	1.9
	4.18%

	
	5
	5.7
	1.2
	4.9
	13.11%

	
	10
	8.4
	1.7
	6.7
	17.67%

	
	15
	11.4
	5.9
	9.8
	23.38%

	
	20
	28.8
	27.4
	27.8
	53.16%


7.4
Link level simulation results

Table 7.4-1 ~ Table 7.4-7 provides the simulation results generated by various interested companies. The side condition refers to Clause 6.3.2.

Table 7.4‑1: Link simulation results for agreed link-level simulation scenario on conditional [image: image197.png]ori/Noc



(Ericsson)

	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	8678124.22
	7717126.43
	12.45%

	
	5
	12191329.45
	9503970.25
	28.28%

	
	10
	14051487.84
	9589590.35
	46.53%

	
	15
	16842838.19
	8391413.87
	100.72%

	
	20
	21206346.93
	8435427.54
	151.40%

	20%
	1
	7404488.84
	6719384.92
	10.20%

	
	5
	9875567.44
	7969337.09
	23.92%

	
	10
	11251061.71
	8199710.55
	37.21%

	
	15
	13242312.36
	7508786.33
	76.36%

	
	20
	16821033.97
	6942544.72
	142.29%

	30%
	1
	6810570.45
	6256038.59
	8.86%

	
	5
	8347268.34
	6925697.29
	20.53%

	
	10
	9458286.63
	7183179.1
	31.67%

	
	15
	10994416.88
	6826685.43
	61.05%

	
	20
	13598789.95
	5699064.92
	138.61%

	40%
	1
	6112454.27
	5657651.46
	8.04%

	
	5
	7755792.56
	6442178.09
	20.39%

	
	10
	8709308.14
	6874042.21
	26.70%

	
	15
	10222485.23
	6976908.54
	46.52%

	
	20
	13472980.9
	5838986.93
	130.74%

	50%
	1
	5812951.16
	5400988.14
	7.63%

	
	5
	7205450.45
	6068996.98
	18.73%

	
	10
	8055873.77
	6465934.47
	24.59%

	
	15
	9435281.21
	6489136.88
	45.40%

	
	20
	11970636.38
	5330785.13
	124.56%


Table 7.4‑2: Link simulation results for agreed link-level simulation scenario on conditional [image: image201.png]ori/Noc



(ZTE)
	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	5526324.209
	5190296.5
	6.47%

	
	5
	8289248.783
	7032514.9
	17.87%

	
	10
	9033201.642
	7259381.4
	24.43%

	
	15
	9732155.109
	7331420.3
	32.75%

	
	20
	10268784.06
	5799450.4
	77.06%

	20%
	1
	4416132.91
	4106392
	7.54%

	
	5
	7304390.21
	6268971.7
	16.52%

	
	10
	8021515.82
	6624702.9
	21.08%

	
	15
	8780444.04
	6753363.4
	30.02%

	
	20
	9458340.94
	5562651.5
	70.03%

	30%
	1
	4269206.5
	3979160.6
	7.29%

	
	5
	6533531.9
	5750779.5
	13.61%

	
	10
	7254949.8
	6162180.4
	17.73%

	
	15
	8066696.5
	6386701
	26.30%

	
	20
	8683838.2
	5193812.3
	67.20%

	40%
	1
	2990915.45
	2713535.888
	10.22%

	
	5
	5737482.06
	5146847.932
	11.48%

	
	10
	6569479.01
	5538729.015
	18.61%

	
	15
	7342424.27
	5931392.032
	23.79%

	
	20
	7879835.46
	4808684.307
	63.87%

	50%
	1
	2868968.4
	2786321.776
	2.97%

	
	5
	5105613.4
	4494656.934
	13.59%

	
	10
	5916827.6
	5105348.236
	15.89%

	
	15
	6640778.9
	5537233.273
	19.93%

	
	20
	7096760.3
	4464100.365
	58.97%


Table 7.4‑3: Link simulation results for agreed link-level simulation scenario on conditional [image: image203.png]ori/Noc



(Renesas)

	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	8556634.22
	7977262.47
	7.26%

	
	5
	12612881.18
	9589972.43
	31.52%

	
	10
	14197176.28
	9864003.18
	43.93%

	
	15
	15489844.78
	10100301.13
	53.36%

	
	20
	17475669.57
	8683801.7
	101.24%

	20%
	1
	7432968.9
	7101008.38
	4.67%

	
	5
	10314550.73
	8223672.11
	25.43%

	
	10
	11759382.05
	8766848.05
	34.13%

	
	15
	12935536.35
	8528041.1
	51.68%

	
	20
	13878503.85
	7306422.05
	89.95%

	30%
	1
	7108237.9
	6704186.45
	6.03%

	
	5
	8772262.55
	7610215.22
	15.27%

	
	10
	10244520
	7733108.97
	32.48%

	
	15
	11275903.65
	7958588.25
	41.68%

	
	20
	12069482.82
	6467640.42
	86.61%

	40%
	1
	6066459.85
	5796932.28
	4.65%

	
	5
	7609429.28
	6696661.38
	13.63%

	
	10
	8490755.13
	7070396.78
	20.09%

	
	15
	9828148.82
	7469501.95
	31.58%

	
	20
	10922649.63
	6105781.53
	78.89%

	50%
	1
	5568648.45
	5486648.65
	1.49%

	
	5
	6843657
	6098729.75
	12.21%

	
	10
	7654198.38
	6482530.35
	18.07%

	
	15
	8781832.22
	6967841.25
	26.03%

	
	20
	9507925.15
	5822405.45
	63.30%


Table 7.4‑4: Link simulation results for agreed link-level simulation scenario on conditional [image: image205.png]ori/Noc



(NSN)

	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	8190000
	7287000
	12.39%

	
	5
	11538000
	8039000
	43.53%

	
	10
	12778000
	8621000
	48.22%

	
	15
	13615000
	9191000
	48.13%

	
	20
	14006000
	9552000
	46.63%

	20%
	1
	7531000
	6869000
	9.64%

	
	5
	10084000
	7798000
	29.32%

	
	10
	11196000
	8452000
	32.47%

	
	15
	12269000
	9053000
	35.52%

	
	20
	13096000
	9463000
	38.39%

	30%
	1
	7392000
	6820000
	8.39%

	
	5
	9274000
	7596000
	22.09%

	
	10
	10562000
	8313000
	27.05%

	
	15
	11629000
	8965000
	29.72%

	
	20
	12536000
	9383000
	33.60%

	40%
	1
	6640000
	6280000
	5.73%

	
	5
	8504000
	7287000
	16.70%

	
	10
	9576000
	8025000
	19.33%

	
	15
	10941000
	8848000
	23.66%

	
	20
	12119000
	9147000
	32.49%

	50%
	1
	6483000
	6228000
	4.09%

	
	5
	8061000
	7114000
	13.31%

	
	10
	9285000
	7902000
	17.50%

	
	15
	10711000
	8833000
	21.26%

	
	20
	11919000
	9159000
	30.13%


Table 7.4‑5: Link simulation results for agreed link-level simulation scenario on conditional [image: image207.png]ori/Noc



(LGE)
	  
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	8025655.38 
	7381272.81 
	8.73%

	
	5
	10868337.47 
	8961763.22 
	21.27%

	
	10
	11685123.78 
	9242270.70 
	26.43%

	
	15
	12429325.36 
	9196263.35 
	35.16%

	
	20
	10792583.56 
	6629818.72 
	62.79%

	20%
	1
	6689514.19 
	6322696.60 
	5.80%

	
	5
	8270494.83 
	7263652.92 
	13.86%

	
	10
	9123908.03 
	7333169.67 
	24.42%

	
	15
	9273746.36 
	7510103.83 
	23.48%

	
	20
	7310284.62 
	4975158.00 
	46.94%

	30%
	1
	6178139.32 
	5798598.75 
	6.55%

	
	5
	6947713.52 
	6088549.05 
	14.11%

	
	10
	7578931.52 
	6259382.91 
	21.08%

	
	15
	7572295.50 
	6372024.90 
	18.84%

	
	20
	5830378.74 
	4283160.94 
	36.12%

	40%
	1
	5312358.84 
	5049191.04 
	5.21%

	
	5
	5826266.78 
	5211866.46 
	11.79%

	
	10
	6081664.40 
	5405068.48 
	12.52%

	
	15
	5913309.08 
	5282720.13 
	11.94%

	
	20
	4506483.26 
	3629379.87 
	24.17%

	50%
	1
	4703429.78 
	4484584.54 
	4.88%

	
	5
	4710545.81 
	4342645.03 
	8.47%

	
	10
	4986123.24 
	4465329.08 
	11.66%

	
	15
	4702941.91 
	4386851.90 
	7.21%

	
	20
	3507493.90 
	3048435.71 
	15.06%


Table 7.4‑6: Link simulation results for agreed link-level simulation scenario on conditional [image: image209.png]ori/Noc



(Huawei)

	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	7570000
	6920000
	9.39%

	
	5
	10980000
	9060000
	21.19%

	
	10
	12470000
	9700000
	28.56%

	
	15
	14900000
	10260000
	45.22%

	
	20
	17080000
	10300000
	65.83%

	20%
	1
	6380000
	6010000
	6.16%

	
	5
	9120000
	7580000
	20.32%

	
	10
	10180000
	8160000
	24.75%

	
	15
	12030000
	8770000
	37.17%

	
	20
	14340000
	8970000
	59.87%

	30%
	1
	5950000
	5630000
	5.68%

	
	5
	7780000
	6550000
	18.78%

	
	10
	8690000
	7130000
	21.88%

	
	15
	9980000
	7650000
	30.46%

	
	20
	11910000
	7950000
	49.81%

	40%
	1
	5050000
	4830000
	4.55%

	
	5
	6340000
	5440000
	16.54%

	
	10
	7110000
	5880000
	20.92%

	
	15
	8130000
	6490000
	25.27%

	
	20
	9580000
	6830000
	40.26%

	50%
	1
	4650000
	4470000
	4.03%

	
	5
	5560000
	4950000
	12.32%

	
	10
	6280000
	5310000
	18.27%

	
	15
	7070000
	5870000
	20.44%

	
	20
	7770000
	6120000
	26.96%


Table 7.4‑7: Link simulation results for agreed link-level simulation scenario on conditional [image: image211.png]Lorj/Noc



(NEC, fixed MCS 64 QAM)
	 
	Set
	2-cell CRS IC
	No CRS-IC
	Gain

	10%
	1
	4400000
	3720000
	18.28%

	
	5
	5250000
	4490000
	16.93%

	
	10
	5320000
	4660000
	14.16%

	
	15
	5320000
	4670000
	13.92%

	
	20
	4680000
	3720000
	25.81%

	20%
	1
	3440000
	2700000
	27.41%

	
	5
	4680000
	3750000
	24.80%

	
	10
	4910000
	4060000
	20.94%

	
	15
	5070000
	4130000
	22.76%

	
	20
	4520000
	3490000
	29.51%

	30%
	1
	2890000
	2270000
	27.31%

	
	5
	3810000
	2980000
	27.85%

	
	10
	4120000
	3280000
	25.61%

	
	15
	4750000
	4060000
	17.00%

	
	20
	3880000
	2890000
	34.26%

	40%
	1
	1570000
	1160000
	35.34%

	
	5
	2840000
	2100000
	35.24%

	
	10
	3240000
	2410000
	34.44%

	
	15
	3720000
	2840000
	30.99%

	
	20
	3340000
	2400000
	39.17%

	50%
	1
	1080000
	786000
	37.40%

	
	5
	2030000
	1400000
	45.00%

	
	10
	2500000
	1750000
	42.86%

	
	15
	3020000
	2210000
	36.65%

	
	20
	2730000
	1830000
	49.18%


7.5
Summary

From the link simulation results based on weighted[image: image213.png]Tori /Noe



, when the average resource utilization of the aggressor cells was 10% for cell-edge UEs, approximately [9%] gain for CRS based transmission was observed for the lower percentile, i.e., 5%-tile, of [image: image215.png]Tori /Noe



; For the median percentile, i.e., 50%-tile, of [image: image217.png]Tori /Noe



, approximately [36%] gain can be achieved; For the higher percentile, i.e., 75%-tile, of [image: image219.png]Tori /Noe



, approximately [52%] gain can be obtained. When the average resource utilization of aggressor cells is 50%, approximately [4%, 18% and 23%] gain can be achieved for the lower percentile, median percentile and higher percentile of  [image: image221.png]Tori /Noe



, respectively. Gain can also be observed while using fixed MCS, however the actual gain may vary with MCS order.
8
System performance characterization
8.1
General

The purpose of this clause is to analyse the performance gain from system-level simulation results based on the agreed set of simulation assumption. 

8.2
Simulation results

This section presents the evaluation results for system level simulation generated by various interested companies to show the contribution. 

Table 8.2-1: System simulation results (R4-132603, Ericsson)

	
	User Throughput
	Relative gain in user throughput

	Resource Utilization
	Performance metrics
	No CRS IC
(M=0)
	CRS IC from the two strongest interferers
(M=2)
	CRS IC from the two strongest interferer
(M=2)

	About 10%
	5%-ile
	10.1 Mbps
	13.9 Mbps
	37%

	
	50%-ile
	20.2 Mbps
	23.2 Mbps
	14%

	About ~20%
	5%-ile
	8.1Mbps
	11.2 Mbps
	36%

	
	50%-ile
	16.8Mbps
	19.7Mbps
	17%

	About ~30%
	5%-ile
	6.5Mbps
	9Mbps
	38%

	
	50%-ile
	14.1Mbps
	16.9Mbps
	19%

	About ~40%
	5%-ile
	5.0Mbps
	7.1Mbps
	41%

	
	50%-ile
	11.6Mbps
	14.3Mbps
	22%

	About ~50%
	5%-ile
	3.7Mbps
	5.4Mbps
	46%

	
	50%-ile
	9.2Mbps
	11.8Mbps
	28%

	Note: The transmission mode is TM4


Table 8.2-2: System simulation results (R4-132384, Huawei)

	
	Relative gain in user throughput

	Resource Utilization
	Performance metrics
	CRS IC from the two strongest interferer
(M=2)
	CRS IC from all interferers
(M=∞)

	About ~20%
	5%-ile
	10.2%
	14.6%

	
	50%-ile
	8.3%
	13.7%

	
	95%-ile
	0%
	0%

	About ~50%
	5%-ile
	14.4%
	14.4%

	
	50%-ile
	7.4%
	7.9%

	
	95%-ile
	1.9%
	1.9%

	About ~70%
	5%-ile
	2.5%
	3.5%

	
	50%-ile
	2.5%
	3.0%

	
	95%-ile
	1.3%
	3.4%


Table 8.2-3: System simulation results (R4-133469, NSN)

	
	User Throughput
	Relative gain in user throughput

	Resource Utilization
	Performance metrics
	No CRS IC
(M=0)
	CRS IC from the two strongest interferers
(M=2)
	CRS IC from all interferers
(M=∞)
	CRS IC from the two strongest interferer
(M=2)
	CRS IC from all interferers
(M=∞)

	About 5%
	5%-ile
	18.7Mbps
	19.8Mbps
	20.6Mbps
	5.9%
	10.2%

	
	50%-ile
	38.0Mbps
	41.1Mbps
	45.6Mbps
	8.1%
	20%

	About ~20%
	5%-ile
	12.7Mbps
	13.5Mbps
	14.3Mbps
	6.3%
	12.6%

	
	50%-ile
	30.3Mbps
	31.5Mbps
	33.9Mbps
	3.9%
	11.9%

	About ~50%
	5%-ile
	6.4Mbps
	6.7Mbps
	7.2Mbps
	4.7%
	12.5%

	
	50%-ile
	18.6Mbps
	19.4Mbps
	20.8Mbps
	4.3%
	11.8%

	About ~70%
	5%-ile
	2.7Mbps
	2.8Mbps
	3.0Mbps
	3.7%
	11.1%

	
	50%-ile
	8.7Mbps
	9.0Mbps
	9.9Mbps
	3.4%
	13.8%


8.3
Summary
The study concluded that there is indeed an increase in UPT (user perceived throughput) to be seen with low load (resource utilization is about 10%~50%). For the 5% UPT, the gain is in the order of 10-38% when resource utilization is 30%, additionally approximately 8 – 19 % gain for 50% UPT would be obtained.
9
Conclusions
In this technical report we have documented the work that was accomplished by RAN4 as part of the feasibility study on CRS interference mitigation for LTE homogeneous network. The major work includes the definition of CRS-IM receiver, investigation of interference model/profiles for partial load networks, and performance evaluation with link-level simulation and system-level simulation.

Receiver structures based on MMSE-IRC detector combined with a CRS-IM receiver were defined. This type of receiver attempts to mitigate the CRS interference along with the data/control interference from neighbouring cells. Under partial-load networks, interference models/profiles were developed for this interference in terms of the number of dominant interfering cells, and their powers relative to the noise plus the total other cell interference power excluding the considered dominant interference cells. This ratio is referred to as [image: image223.png]Tori /Noe



. For the purpose of this study it was determined that two dominant interfering cells should be taken into account in the interference models. The interference profiles were defined for a wide range of operating conditions when the interfering cells have low traffic loading. Throughput estimates were developed using link level simulations, which included the ON/OFF model for interfering cells based on the results of interference modelling. System level results were also provided.  And the system level and link level evaluations in this study item are based on the assumption that the serving cell has non-colliding CRS with the aggressor cells. 
Based on the link simulation results based on weighted[image: image225.png]Tori /Noe



, when the average resource utilization of aggressor cells was 10% for cell-edge UEs, approximately [9%] gain for CRS based transmission was observed for the lower percentile, i.e., 5%-tile, of [image: image227.png]Tori /Noe



; For the median percentile, i.e, 50%-tile, of [image: image229.png]Tori /Noe



, approximately [36%] gain can be achieved; For the higher percentile, i.e, 75%-tile, of [image: image231.png]Tori /Noe



, approximately [52%] gain can be obtained. When the average resource utilization of aggressor cells is 50%, approximately [4%, 18% and 23%] gain can be achieved for the lower percentile, median percentile and higher percentile of  [image: image233.png]Tori /Noe



, respectively.  The system study concluded that there is an indeed increase in user perceived throughput (UPT) when the traffic load is low at the interfering cells. With regard to UE implementation issues, the CRS-IM receiver is based upon well-defined receivers used for meeting existing MMSE-IRC and FeICIC performance requirements. The reuse of these receivers’ structure minimizes the UE complexity. 
Based on the observations cited above, RAN4 has concluded that moderate to significant throughput gain can be obtained for cell-edge UE by CRS-IM receiver in LTE homogeneous network under low traffic loading. 
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