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1 Introduction

In RAN4 #68bis meeting, a way forward [1] was agreed to provide the common simulation assumptions for link level evaluation for SU-MIMO. This contribution provides the TP for TR36.866 to provide table template to capture the evaluation and observation of the gains of advanced receiver in single cell SU-MIMO scenarios.
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Scenarios and Targeted/Interference Channels
[Editor's note: This section will capture the findings from objective #1, including (1) channel of interest (2) network scenarios (3) interference conditions (including corresponding network/transmission parameters) ]
6.1
Network Deployment Scenarios 

6.2
Targeted and Interference Channels 

[Editor's note: This section will describe the targeted data/control channel of interest and interference channels with possible prioritization (if any).]

6.3
Intra-cell Interference and Considered Transmission Schemes

[Editor's note: This section will describe the additional intra-cell interference condition as a result of SU/MU-MIMO transmission (i.e., between transmission layers and/or between users). The considered SU/MU-MIMO transmission schemes are described here for the purpose of modelling the residual interference (refer to Annex A of evaluation assumptions).]
6.3.1 Intra-cell interference 6.3.1.1 SU-MIMO
Coordination and management of inter-cell interference can be effective at cell edge. For UEs close to cell centre with relatively high SINR, other techniques may be used to improve spectrum efficiency, e.g. SU-MIMO techniques. In LTE, TM3/4/8/9/10 have been standardized to support various MIMO transmissions. In particular, multiple streams can be transmitted over the same time/frequency resources to improve spectrum efficiency. However, due to imperfect feedback and limited codebook size, inter-stream interference can occur and requires UE receiver to perform interference cancellation/suppression. Advanced receivers based for example on interference cancellation or maximum likelihood can be efficiently used to cancel the inter-stream interference created by the non orthogonality of the multiplexed layers.
In order to evaluate potential gains with respect to legacy receiver structure in the context of the study item, simulation set up for SU-MIMO tests listed in Chapter 8,2,1 have been considered although that does not preclude the need for additional performance requirements during the work item phase.
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Link-level Performance Evaluation 

[Editor's note: This section will capture the link level interference modeling and performance evaluated under objective #2]

8.1
Interference Modelling 

[Editor's note: This section will describe the link-level interference modeling based on the inter-cell interference scenario and considered inter-cell coordination schemes, as well as the intra-cell interference scenario and considered SU/MU transmission schemes.]

8.2
Link-level Performance Characterization  

[Editor's note: This section will capture the performance and robustness evaluation results for the different types of receivers considered in section 7. Subsections will be created based on receiver types and different receiver assumptions for each receiver type.]

8.2.1 SU-MIMO
8.2.1.1 Link level simulation results
Following test cases are agreed to identify the performance gain of advanced receivers for SU-MIMO intra-cell scenarios (R4-135670):

· Test cases: 

· Baseline tests

· Test 1: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1 

· Test 2: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2 

· Test 3: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2
· Optional tests

· Test 1: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3) 

· Test 2: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6)


· Test 3: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) 

· Evaluation setup
· Baseline setup: Current FRC setup with medium correlation, synchronous network
· Optional setup: OLLA with follow CQI and PMI, Rank 2, medium correlation, Doppler 5Hz, synchronous network
Beside these, others tests/setups have been evaluated by interested companies. The performance gains over MMSE-IRC receiver from each company are summarized in Table 8.2.1.1 to 8.2.1.4 with the following performance metric: 

· For FRC channel: SNR gain at 70% of maximum throughput 
· For VRC channel: Throughput gain at certain SNR points, i.e. 15dB and 25dB
Table 8.2.1.1 Performance gain with FRC channel and median antenna correlation
	Company
	Test 1: TM3, 10MHz, 50RB, 16QAM 1/2, EVA70 (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Huawei (R4-136098)
	SNR gain (dB) at 70% of maximum throughput
	-
	2.4
	1.4

	Ericsson(R4-136648)
	
	3.8
	2.5
	4.4

	
	Test 2: TM4, 10MHz, 50RB, 64QAM 1/2, EPA5 (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Huawei (R4-136098)
	SNR gain (dB) at 70% of maximum throughput
	-
	1.7
	3.6

	Ericsson(R4-136648)
	
	3.8
	1.1
	4.7

	
	Test 3: TM4, 10MHz, 50RB, 16QAM 1/2, ETU70 (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Huawei (R4-136098)
	SNR gain (dB) at 70% of maximum throughput
	-
	2.6
	2.7

	
	Test 4: TM9, 10MHz, 50RB, 16QAM 1/2, EPA5 (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Huawei (R4-136098)
	SNR gain (dB) at 70% of maximum throughput
	-
	2.9
	4.6

	Ericsson(R4-136648)
	
	4.8
	2.7
	5.5

	Broadcom(R4-136827)
	
	
	0.4
	0.7

	
	Test 5: 36.101 Type A receiver Section 8.2.1.2.4 (TM3/3) (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Ericsson(R4-136648)
	SNR gain (dB) at 70% of maximum throughput
	2.3
	1.1
	2.6

	
	Test 6: 36.101 Type A receiver Section 8.2.1.4.1B (TM6/6) (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Ericsson(R4-136648)
	SNR gain (dB) at 70% of maximum throughput
	3.2
	0.5
	3.5

	
	Test 7: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Ericsson(R4-136648)
	SNR gain (dB) at 70% of maximum throughput
	0.1
	2.0
	2.7


Table 8.2.1.2 Performance gain with VRC channel and median antenna correlation
	Company
	Test 1: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3), EVA5, Rank 2  (R4-134948&R4-136648)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~13%
	~7%
	~22%

	
	Throughput gain @SNR=20dB
	~2%
	~3%
	~10%

	
	Test 2: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6) , EVA5, Rank 2 (R4-134948&R4-136648)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~12%
	~5%
	~20%

	
	Throughput gain @SNR=20dB
	~6%
	~4%
	~10%

	
	Test 3: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) , EVA5, Rank 2 (R4-13494&R4-1366488)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~10%
	~3%
	~17%

	
	Throughput gain @SNR=20dB
	~6%
	~4%
	~10%

	
	Test 4: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1, EVA5, Rank 2 (R4-134948&R4-136648)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~26%
	~25%
	~50%

	
	Throughput gain @SNR=20dB
	~26%
	~28%
	~24%

	
	Test 5: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2, EVA5 Rank 2 (R4-134948&R4-136648)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~24%
	~16%
	~35%

	
	Throughput gain @SNR=20dB
	~7%
	~10%
	~21%

	
	Test 6: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2, EVA5,  Rank 2 (R4-134948&R4-136648)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948&R4-136648)
	Throughput gain @SNR=15dB
	~19%
	~15%
	~28%

	
	Throughput gain @SNR=20dB
	~12%
	~10%
	~20%

	
	Test 7: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2, rank adaptation  (R4-136827)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Broadcom (R4-136827)
	Throughput gain @SNR=15dB
	-
	~21%
	~20%

	
	Throughput gain @SNR=20dB
	-
	~10%
	~8%

	
	Test 8: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2, EVA5, follow RI  (R4-136827)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Broadcom (R4-136827)
	Throughput gain @SNR=15dB
	-
	~4%
	~11%

	
	Throughput gain @SNR=20dB
	-
	~11%
	~9%


Table 8.2.1.3 Performance gain with FRC channel and low antenna correlation 

	Company
	Test 1: TM3, 10MHz, 50RB, 16QAM 1/2, EVA70 (R4-135670)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Broadcom (R4-132888)
	SNR gain (dB) at 70% of maximum throughput
	-
	~0.5 dB
	-

	
	Test 2: TM4, 10MHz, 11RB, MCS12, EVA5, 2x2 low (R4-132888)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Broadcom (R4-132888)
	SNR gain (dB) at 70% of maximum throughput
	-
	~1.1 dB
	-

	
	Test 3: TM8, 10MHz, 11RB, MCS7, EVA45 2x2 low (R4-132888)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Broadcom (R4-132888)
	SNR gain (dB) at 70% of maximum throughput
	-
	~1.5 dB
	-

	
	Test 4: TM8, 10MHz, 11RB, MCS12, EVA5, 2x2 low (R4-132888)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Broadcom (R4-132888)
	SNR gain (dB) at 70% of maximum throughput
	-
	~0.5dB
	-

	
	Test 5: TM3, 10MHz, 50RB, MCS14, EVA70, 2x2 low (R4-133281)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	DoCoMo (R4-133281)
	SNR gain (dB) at 70% of maximum throughput
	~0.1 dB
	-
	-

	
	Test 6: TM3, 10MHz, 50RB, MCS14, EVA70, 2x2 low, with inter-cell interference

(R4-133281)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	DoCoMo (R4-133281)
	SNR gain (dB) at 70% of maximum throughput
	~0.5 dB
	-
	-

	
	Test 7: TM4, 10MHz, 50RB, MCS20, EVA5, 2x2 low, AWGN interference
(R4-134156)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Nokia, NSN (R4-134156)
	SNR gain (dB) at 70% of maximum throughput
	-
	-
	~2.1

	
	Test 8: TM9, 10MHz, 50RB, MCS20, EVA5, 2x2 low, AWGN interference
(R4-134156)

	
	Receivers
	SL-IC
	(R)-ML
	CW-IC

	Nokia, NSN (R4-134156)
	SNR gain (dB) at 70% of maximum throughput
	-
	-
	-2.3


Table 8.2.1.4 Performance gain with VRC channel and low antenna correlation 

	Company
	Test 1: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2, OLLA ON (R4-133646)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	MTK (R4-133646)
	Throughput gain @SNR=15dB
	-
	~3%
	-

	
	Throughput gain @SNR=20dB
	-
	~8%
	-

	
	Test 2: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2, OLLA ON (R4-133646)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	MTK (R4-133646)
	Throughput gain @SNR=15dB
	-
	~4%
	-

	
	Throughput gain @SNR=20dB
	-
	~10%
	-

	
	Test 3: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2, OLLA OFF (R4-133646)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	MTK (R4-133646)
	Throughput gain @SNR=15dB
	-
	~5%
	-

	
	Throughput gain @SNR=20dB
	-
	~15%
	-

	
	Test 4: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2, OLLA OFF (R4-133646)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	MTK (R4-133646)
	Throughput gain @SNR=15dB
	-
	~10%
	-

	
	Throughput gain @SNR=20dB
	-
	~20%
	-

	
	Test 5: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3), EVA5, follow RI  (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~7%
	~3%
	~18%

	
	Throughput gain @SNR=20dB
	~3%
	~2%
	~9%

	
	Test 6: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6) , EVA5, follow RI (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~12%
	~4%
	~18%

	
	Throughput gain @SNR=20dB
	~5%
	~2%
	~9%

	
	Test 7: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) , EVA5, follow RI (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~10%
	~2%
	~17%

	
	Throughput gain @SNR=20dB
	~6%
	~3%
	~10%

	
	Test 8: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1, EVA5, follow RI   (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~4%
	~3%
	~16%

	
	Throughput gain @SNR=20dB
	~2%
	~2%
	~10%

	
	Test 9: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2, EVA5, follow RI  (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~6%
	~1%
	~12%

	
	Throughput gain @SNR=20dB
	~3%
	~0%
	~8%

	
	Test 10: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2, EVA5, follow RI (R4-134948)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Ericsson (R4-134948)
	Throughput gain @SNR=15dB
	~10%
	~2%
	~16%

	
	Throughput gain @SNR=20dB
	~4%
	~1%
	~7%

	
	Test 11: 2x2 EPA5, TM4, following CQI/PMI (R4-133980)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Renesas (R4-133980)
	Throughput gain @SNR=15dB
	-
	-
	~20%

	
	Throughput gain @SNR=20dB
	-
	-
	~16%

	
	Test 12: 2x2 EVA5, TM4, following CQI/PMI (R4-133980)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Renesas (R4-133980)
	Throughput gain @SNR=15dB
	-
	-
	~30%

	
	Throughput gain @SNR=20dB
	-
	-
	~22%

	
	Test 13: 2x2 EPA5, TM4, following CQI/PMI (R4-134156)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Nokia, NSN (R4-134156)
	Throughput gain @SNR=15dB
	-
	-
	~12%

	
	Throughput gain @SNR=20dB
	-
	-
	~21%

	
	Test 14: 2x2 EVA5, TM9, following CQI/PMI (R4-134156)

	
	Receivers
	SL-IC
	(R)-ML
	L-CWIC

	Nokia, NSN (R4-134156)
	Throughput gain @SNR=15dB
	-
	-
	~20%

	
	Throughput gain @SNR=20dB
	-
	-
	~24%


8.2.1.2 Summary

From the summary of the link level simulation results above, we conclude that further advanced receiver based on IC/ML without the need for network assistance can provide significant gains (e.g. up to 5dB depending on the receiver structure and the test cases) compared to legacy baseline receivers such as MMSE-IRC and MMSE when applied to SU-MIMO scenarios listed above (i.e. the goal is to cancel the inter stream intra cell interference).
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