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Discussion
1
Introduction

During RAN4#64bis, agreements in [1] were reached on test coverage and framework. In addition, simulation assumptions were agreed in [2] for FDD and in [3] for TDD. The only difference compared to earlier assumptions is that Test 1 in FDD considers asynchronous network timing with specific DIP values [1]

 REF _Ref339032223 \r \h 
[2]. Alignment and impairment results were requested for RAN4#65.  
In this contribution, we report requested alignment and impairment results for FDD/TDD.
2 
Simulation assumptions
Simulation parameters comply with the agreed assumptions in [2]

 REF _Ref331061597 \r \h 
[3]. The link level performance is compared for the following receiver structures:
· Rel-8/9 baseline receiver for rank-1 is MRC:
· In this contribution, we consider a baseline LMMSE-MRC receiver that performs narrowband (NB) averaging of interference covariance matrix similarly to the IRC, except that only diagonal elements of the covariance matrix are retained and off-diagonal entries are set to zero.
· LMMSE-IRC receiver with the following assumptions on interference covariance matrix estimation;
· Residual signals at reference symbols locations:
· CRS locations are used for TM2 and TM6 (Test 1 and Test 2).
· DM-RS locations are used for TM9 (Test 3).
· Network synchronization assumptions:

· FDD:

· Test 1: Asynchronous network operation two interfering cells.
· Test 2: Synchronous network operation two interfering cells.
· Test 3: Synchronous network operation with one interfering cell.
· TDD: 

· Test 1: Synchronous network operation with two interfering cells.

· Test 2: Synchronous network operation with two interfering cells.

· Test 3: Synchronous network operation with one interfering cell.
3 
Link level performance evaluation results – FDD
In Sections 3.1-3.3, we provide a summary of FDD link level results of LMMSE-IRC vs. baseline MRC according to the agreed assumptions. Simulation data is provided in numerical format in Section 3.4.
3.1
Test 1 – TM2
Results for Test 1 (TM2 with TM3 interference) for FDD are reported in this section. Note that this test now assumes asynchronous network timing with specific DIP conditions [1]

 REF _Ref339032223 \r \h 
[2]. Alignment results reported here are the same as the ones provided in [4] for Test 1 in Scenario E. Additionally we provide the results with impairments below.
Table 1: Link level performance in Test 1 (TM2) – FDD
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=-2.5dB
	G at 70% throughput
	G at 70% throughput

	6
	8.4 %
	-2.84 dB
	-1.34


3.2
Test 2 – TM6

Results for Test 2 (TM6 with TM4 interference) for FDD are reported in this section. Alignment and impairment results reported here are the same as the ones provided in [5].
Table 2: Link level performance in Scenario 1-2 (TM6) – FDD
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=0dB
	G at 70% throughput
	G at 70% throughput

	11
	18 %
	-0.88 dB
	0.62 dB


3.3
Test 3 – TM9

Results for Scenario 2 (TM9 rank-1 with TM9 rank-1&2 interference) for FDD are reported in this section. Alignment and impairment results reported here are the same as the ones provided in [5].
Table 3: Link level performance in Scenario 2 (TM9) – FDD
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=-2.5dB
	G at 70% throughput
	G at 70% throughput

	7
	12.3 %
	-3.12 dB
	-1.62 dB


3.4
Numerical data

Simulation data is provided in numerical format in the spreadsheet below:

[image: image1.emf]RAN4_65_FDD_align ment_plus_impairment_Renesas.xls


4 
Link level performance evaluation results – TDD

In Sections 4.1-4.3, we provide a summary of TDD link level results of LMMSE-IRC vs. baseline MRC according to the agreed assumptions. Simulation data is provided in numerical format in Section 4.4.
4.1
Test 1 – TM2

Results for Test 1 (TM2 with TM3 interference) for TDD are reported in this section. Alignment and impairment results reported here are the same as the ones provided in [6].
Table 1: Link level performance in Test 1 (TM2) – TDD
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=-2.5dB
	G at 70% throughput
	G at 70% throughput

	6
	11.7 %
	-3.44 dB
	-1.94 dB


4.2
Test 2 – TM6

Results for Test 2 (TM6 with TM4 interference) for TDD are reported in this section. Alignment and impairment results reported here are the same as the ones provided in [6].
Table 2: Link level performance in Scenario 1-2 (TM6) – TDD
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=0dB
	G at 70% throughput
	G at 70% throughput

	11
	16.6 %
	-0.71 dB
	0.79 dB


4.3
Test 3 – TM9

Results for Scenario 2 (TM9 rank-1 with TM9 rank-1&2 interference) for TDD are reported in this section. Alignment and impairment results reported here are the same as the ones provided in [6].
Table 3: Link level performance in Scenario 2 (TM9) – TDD 
	MCS index
	LMMSE-IRC

	
	Alignment results
	Impairment result

	
	Throughput gain vs. baseline MRC at G=-2.5dB
	G at 70% throughput
	G at 70% throughput

	7
	10.6 % 
	-3.15 dB
	-1.65 dB


4.4
Numerical data

Simulation data is provided in numerical format in the spreadsheet below:

[image: image2.emf]RAN4_65_TDD_align ment_plus_impairment_Renesas.xls


5
Conclusions
In this contribution we evaluated the performance of LMMSE-IRC receiver compared to the LMMSE-MRC baseline receiver, according to agreed simulation assumptions [2]

 REF _Ref339032473 \r \h 
[3]. Alignment and impairment values were provided for the agreed test metric.
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Summary (FDD)

		

								Geometry at [70%] target throughput

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung		0		AVERAGE		SPREAD

								Test 1-MCS6 (FDD)		-2.84		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-2.84		0.00

								Test 2-MCS11 (FDD)		-0.88		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-0.88		0.00

								Test 3-MCS7 (FDD)		-3.12		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-3.12		0.00

								Relative throughput at target geometry

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung		0		AVERAGE		SPREAD

								Test 1-MCS6 (FDD) (G = -2.5dB)		74.80%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.75		0.00

								Test 2-MCS11 (FDD) (G = 0dB)		80.57%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.81		0.00

								Test 3-MCS7 (FDD) (G = -2.5dB)		78.10%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.78		0.00





Impairment results (FDD)

		

								Geometry at [70%] target throughput

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung		0		AVERAGE		SPREAD		MARGIN		REF. GEOMETRY

								Test 1-MCS6 (FDD)		-1.34																																-1.34		0.00				-1.34

								Test 2-MCS11 (FDD)		0.62																																0.62		0.00				0.62

								Test 3-MCS7 (FDD)		-1.62																																-1.62		0.00				-1.62





Test 1-MCS6 (FDD)

		

		TP		AVE		SPREAD																				Max tput		4.64E+06		bps

		70%		-2.8		0.0																				Req tput		3.25E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung		0

		-8.0		1.02E+06

		-7.0		1.50E+06

		-6.0		1.87E+06

		-5.0		2.23E+06

		-4.0		2.62E+06

		-3.0		3.15E+06

		-2.5		3.47E+06

		-2.0		3.80E+06

		-1.0		4.33E+06

		0.0		4.56E+06

		1.0		4.63E+06

		2.0		4.64E+06

		3.0		4.64E+06

		4.0		4.64E+06

		5.0		4.64E+06

		6.0		4.64E+06

		G at target Tput		-2.84		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		74.8%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		98.3%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 1-MCS6 (FDD)
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Test 2-MCS11 (FDD)

		

		TP		AVE		SPREAD																				Max tput		7.88E+06		bps

		70%		-0.9		0.0																				Req tput		5.52E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung

		-8.0		5.81E+05

		-7.0		1.23E+06

		-6.0		1.97E+06

		-5.0		2.65E+06

		-4.0		3.27E+06

		-3.0		3.88E+06

		-2.5		4.19E+06

		-2.0		4.55E+06

		-1.0		5.41E+06

		0.0		6.35E+06

		1.0		7.14E+06

		2.0		7.59E+06

		3.0		7.80E+06

		4.0		7.87E+06

		5.0		7.88E+06

		6.0		7.88E+06

		G at target Tput		-0.88		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		53.2%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		80.6%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 2-MCS11 (FDD)
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Test 3-MCS7 (FDD)

		

		TP		AVE		SPREAD																				Max tput		5.46E+06		bps

		70%		-3.1		0.0																				Req tput		3.82E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		Samsung

		-8.0		1.31E+06

		-7.0		1.84E+06

		-6.0		2.30E+06

		-5.0		2.71E+06

		-4.0		3.24E+06

		-3.0		3.90E+06

		-2.5		4.26E+06

		-2.0		4.57E+06

		-1.0		5.07E+06

		0.0		5.35E+06

		1.0		5.43E+06

		2.0		5.45E+06

		3.0		5.46E+06

		4.0		5.46E+06

		5.0		5.46E+06

		6.0		5.46E+06

		G at target Tput		-3.12		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		78.1%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		98.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 3-MCS7 (FDD)
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Summary (TDD)

		

								Geometry at [70%] target throughput

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT		0		AVERAGE		SPREAD

								Test 1-MCS6 (TDD)		-3.44		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-3.44		0.00

								Test 2-MCS11 (TDD)		-0.71		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-0.71		0.00

								Test 3-MCS7 (TDD)		-3.15		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		-3.15		0.00

								Relative throughput at target geometry

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT		0		AVERAGE		SPREAD

								Test 1-MCS6 (TDD) (G = -2.5dB)		82.09%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.82		0.00

								Test 2-MCS11 (TDD) (G = 0dB)		78.40%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		78.40%		0.00

								Test 3-MCS7 (TDD) (G = -2.5dB)		77.83%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.00%		0.78		0.00





Impairment results (TDD)

		

								Geometry at [70%] target throughput

								Description		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT		0		AVERAGE		SPREAD		MARGIN		REF. GEOMETRY

								Test 1-MCS6 (TDD)		-1.94																																-1.94		0.00				-1.94

								Test 2-MCS11 (TDD)		0.79																																0.79		0.00				0.79

								Test 3-MCS7 (TDD)		-1.65																																-1.65		0.00				-1.65





Test 1-MCS6 (TDD)

		

		TP		AVE		SPREAD																				Max tput		2.32E+06		bps

		70%		-3.4		0.0																				Req tput		1.63E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT		0

		-8.0		6.24E+05

		-7.0		8.46E+05

		-6.0		1.03E+06

		-5.0		1.24E+06

		-4.0		1.47E+06

		-3.0		1.75E+06

		-2.5		1.91E+06

		-2.0		2.05E+06

		-1.0		2.24E+06

		0.0		2.31E+06

		1.0		2.32E+06

		2.0		2.32E+06

		3.0		2.32E+06

		4.0		2.32E+06

		5.0		2.32E+06

		6.0		2.32E+06

		G at target Tput		-3.44		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		82.1%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		99.3%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 1-MCS6 (TDD)
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Test 2-MCS11 (TDD)

		

		TP		AVE		SPREAD																				Max tput		4.12E+06		bps

		70%		-0.7		0.0																				Req tput		2.89E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT

		-8.0		2.33E+05

		-7.0		5.46E+05

		-6.0		9.48E+05

		-5.0		1.32E+06

		-4.0		1.65E+06

		-3.0		1.96E+06

		-2.5		2.13E+06

		-2.0		2.31E+06

		-1.0		2.75E+06

		0.0		3.23E+06

		1.0		3.66E+06

		2.0		3.94E+06

		3.0		4.06E+06

		4.0		4.11E+06

		5.0		4.12E+06

		6.0		4.12E+06

		G at target Tput		-0.71		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		51.6%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		78.4%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 2-MCS11 (TDD)

		



Renesas Mobile Europe Ltd

LG Electronics

Broadcom Corporation

Intel Corporation

NTT DOCOMO

MStar Semiconductor

Qualcomm Incorporated

Huawei, HiSilicon

ST-Ericsson, Ericsson

Nokia Corporation, Nokia Siemens Networks

NEC

Media Tek

Fujitsu

Motorola Mobility

CATT

G [dB]

Throughput [bits/s]



Test 3-MCS7 (TDD)

		

		TP		AVE		SPREAD																				Max tput		2.59E+06		bps

		70%		-3.1		0.0																				Req tput		1.81E+06		bps

		G [dB]		Renesas Mobile Europe Ltd		LG Electronics		Broadcom Corporation		Intel Corporation		NTT DOCOMO		MStar Semiconductor		Qualcomm Incorporated		Huawei, HiSilicon		ST-Ericsson, Ericsson		Nokia Corporation, Nokia Siemens Networks		NEC		Media Tek		Fujitsu		Motorola Mobility		CATT

		-8.0		6.29E+05

		-7.0		8.71E+05

		-6.0		1.08E+06

		-5.0		1.29E+06

		-4.0		1.54E+06

		-3.0		1.86E+06

		-2.5		2.02E+06

		-2.0		2.17E+06

		-1.0		2.41E+06

		0.0		2.54E+06

		1.0		2.58E+06

		2.0		2.59E+06

		3.0		2.59E+06

		4.0		2.59E+06

		5.0		2.59E+06

		6.0		2.59E+06

		G at target Tput		-3.15		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Relative Tput at G=-2.5dB		77.8%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

		Relative Tput at G=0dB		98.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%





Test 3-MCS7 (TDD)

		



Renesas Mobile Europe Ltd

LG Electronics

Broadcom Corporation

Intel Corporation

NTT DOCOMO

MStar Semiconductor

Qualcomm Incorporated

Huawei, HiSilicon

ST-Ericsson, Ericsson

Nokia Corporation, Nokia Siemens Networks

NEC

Media Tek

Fujitsu

Motorola Mobility

CATT

G [dB]

Throughput [bits/s]




