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1. Introduction

At the last RAN4#71 meeting, the following assumption for SU-MIMO advanced receivers in single-cell demodulation test were agreed [1].
· RAN4 consider to take both R-ML and CWIC receiver as the candidate receiver for SU-MIMO.

· RAN4 consider to define demodulation test of SU-MIMO based on the minimum performance of the above candidate receivers.

· For each demodulation test there will be a single requirement which is based on R-ML receiver.

· If the performance of CWIC is found to be worse than R-ML, then requirement will be based on CWIC receiver for the agreed test cases.

· Companies are encouraged to provide alignment results for R-ML, CWIC and MMSE receivers according to the following table.

· Interested company can investigate different antenna configurations and fading channels.
· 6% EVM will be used in simulation alignment

In this contribution, user throughput performance of SU-MIMO advanced receiver under the assumption is evaluated for alignment purpose. 
2. Demodulation Performance Evaluation of SU-MIMO Advanced Receiver in Single-cell Scenarios
2.1. Simulation Assumptions
In this contribution, the following simulation assumption is employed, which was agreed in the last RAN4 meeting [1]. Refer to Table A1 in Appendix A for more detail. 
	Test
	Duplex mode
	TM
	Antenna configuration
	Fading channel
	Mod
	Test setup reference in 36.101

	#1
	FDD
	TM3
	[2x2 Medium]
	[EVA 70]
	16QAM
	8.2.1.3.1

	#2
	FDD
	TM4
	[2x2 Medium]
	[ETU 70]
	16QAM
	8.2.1.4.2

	#3
	FDD
	TM9
	[2x2 Medium]
	[ETU 5]
	16QAM
	8.3.1.2


Regarding the receiver type, we assume the following three receivers in this evaluation.
· MMSE

· CWIC 
· R-ML
2.2. Colliding CRS scenario in Test #3 (TM9)
In Test #3 (TM9), we evaluate the performance in both scenarios with and without a blank cell with colliding CRS to verify that the receiver correctly estimates SNR using DM-RS. In the scenario with a blank cell with colliding CRS, the demodulation performance of the receiver which estimates the SNR using CRS would degrade due to the inappropriate SNR estimation. Therefore we consider both scenarios in order to evaluate the impact of the interference by colliding CRS from the interfering cell on the demodulation performance.
2.3. Evaluation Results
Figures 1 to 3 show the user throughput performance for each test case. 
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     Fig. 1 – Results for Test #1 (TM3, EVA70)                   Fig. 2 – Results for Test #2 (TM4, ETU70)
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Fig. 3 – Results for Test #3 (TM9, ETU5)

SNRs that achieve 70% of user throughput corresponding to each receiver are summarized in Table 1. Note that (+x dB) in the table indicates the SNR gain compared to MMSE receiver.
Table 1 – SNR values for 70%-ile user throughput

	Test
	SNR@70%-ile throughput (dB)

	
	CWIC
	R-ML
	MMSE

	#1 (TM3)
	16.3 (+2.2)
	16.7 (+1.8)
	18.5

	#2 (TM4)
	15.5 (+3.2)
	17.0 (+1.7)
	18.7

	#3 (TM9)
	1-Cell
	14.7 (+2.8)
	16.5 (+1.0)
	17.5

	
	2-Cell
	14.7 (+2.8)
	16.5 (+1.0)
	17.5


And the details of evaluation results are attached.
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2.4. Discussion
The evaluation results show that CWIC can achieve the SNR gains of 2.2 dB ~ 3.2 dB, and R-ML can achieve that of 1.0 dB ~ 1.8 dB compared to MMSE receiver. Furthermore, CWIC can achieve much higher throughput performance compared to R-ML especially for precoding transmission scenarios, i.e., Test #2 (TM4) and  #3 (TM9). 
Observation 1: CWIC can achieve the SNR gains of 2.2 dB ~ 3.2 dB, and R-ML can achieve that of 1.0 dB ~ 1.8 dB compared to MMSE receiver. 

Observation 2: CWIC can achieve much higher throughput performance compared to R-ML and MMSE especially for TM4 and TM9 cases
In addition, we can see that the demodulation performance with a blank cell with and without colliding CRS is almost the same in Test #3 (TM9). Because the SNR is estimated by DM-RS in this evaluation, the interference by colliding CRS from interference cell does not affect the demodulation performance. 
Observation 3: Demodulation performance with and without a blank cell without colliding CRS is almost the same in Test #3 (TM9).

However, we showed the performance when assuming inappropriate SNR estimation, i.e. the SNR is estimated by CRS in Fig. 4. Note that this evaluation was performed according to the condition with the baseline test for TM9, i.e. 8.3.1.2 in [2]. From the result, we can see that the performance of R-ML is almost the same in both case with the SNR estimation by CRS and DM-RS. In addition, the performance of CWIC with the SNR estimation by CRS degrades compared to that by DM-RS. However, it is close to the performance of the MMSE receiver with appropriate SNR estimation by DM-RS. Those facts mean that the SU-MIMO advanced receiver with inappropriate SNR estimation based on CRS could pass the baseline test for TM9 by the performance gains of CWIC and R-ML. Therefore, we consider that the interference by colliding CRS should be taken into account in Test #3 to verify if  the receiver can correctly estimate SNR based on DM-RS. 

[image: image5.emf]0

5

10

15

20

25

4 8 12 16 20

Average received SNR per branch (dB)

User throughput (Mbps)

MMSE

CWIC

R-ML

TM9, ETU5, 2x2 Low corr.

70%-ile Thp.

DM-RS 

SNR

CRS 

SNR


Fig. 4 – Results for baseline test for TM9 (8.3.1.2 in TS 36.101) 
with inappropriate SNR estimation

Observation 4: There would be a risk that the SU-MIMO advanced receiver with inappropriate SNR estimation could pass the baseline test for TM9 by the performance gains of CWIC and R-ML.

Proposal: Interference by colliding CRS should be taken into account in Test #3 to verify that the receiver can estimate SNR correctly.
3. Conclusion

In this contribution, we provided the evaluation results of SU-MIMO advanced receiver in agreed typical single-cell scenarios. Based on the results, the following observations and proposal were obtained.
Observation 1: CWIC can achieve the SNR gains of 2.2 dB ~ 3.2 dB, and R-ML can achieve that of 1.0 dB ~ 1.8 dB compared to MMSE receiver. 

Observation 2: CWIC can achieve much higher throughput performance compared to R-ML and MMSE especially for TM4 and TM9 cases

Observation 3: Demodulation performance with and without a blank cell without colliding CRS is almost the same in Test #3 (TM9).

Observation 4: There would be a risk that the SU-MIMO advanced receiver with inappropriate SNR estimation could pass the baseline test for TM9, i.e. 8.3.1.2 in 36.101 by the performance gains of CWIC and R-ML.

Proposal: Interference by colliding CRS should be taken into account in Test #3 to verify that the receiver can estimate SNR correctly.
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[1] 3GPP, R4-143859, Huawei, HiSilicon, “Meeting minutes for SU-MIMO ad hoc,” May 2014.
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Appendix

In this section, we show the simulation assumptions for evaluation results in section 2.

Table A1 – Simulation Assumptions

	Parameter
	Test #1
	Test #2
	Test #3

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode
	TM3
	TM4
	TM9

	MIMO configuration
	2 x 2, Medium correlation

	Channel model
	EVA70
	ETU70
	ETU5

	CRS configuration
	2 CRS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	PMI delay / FB interval/ Reporting mode
	N/A
	8 ms/1ms/PUSCH3-1
	N/A (Random beamforming)

	CSI-RS periodicity
	N/A
	5 ms

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	Full band (50 PRB)

	Cyclic prefix
	Normal

	Receiver
	MMSE, CWIC with MMSE (Turbo Eq.), R-ML

	Tx EVM
	6%

	Channel estimation
	MMSE CE
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Test 1- FDD TM3

		

				Max Tput (Mbps)		70%		80%		85%

				23.33		16.33		18.66		19.83

				FDD TM3		Throughput (Mbps)

						NTT DOCOMO (R4-144388)						Company A (R4-14xxxx)						Company B (R4-14xxxx)						Company C (R4-14xxxx)						Company D (R4-14xxxx)						Company E (R4-14xxxx)						Company F (R4-14xxxx)						Company G (R4-14xxxx)						Company H (R4-14xxxx)						Company I (R4-14xxxx)						Company J (R4-14xxxx)

				SNR (dB)		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC

				2

				3

				4		3.09		5.35		5.71

				5

				6		5.87		6.67		7.24

				7

				8		7.40		7.73		8.02

				9

				10		8.41		8.76		10.08

				11

				12		10.95		11.08		11.57

				13

				14		11.88		11.67		12.47

				15

				16		14.43		12.57		15.73

				17

				18		20.07		15.44		20.13

				19

				20		23.08		19.33		22.58

				21

				22		23.33		21.84		23.23

				23

				24		23.33		22.80		23.32

				25

				26

				27

				28

				SNR @70% MaxTput		16.67		18.46		16.27

				SNR @80% MaxTput		17.50		19.66		17.33

				SNR @85% MaxTput		17.91		20.25		17.86

				@70%/MMSE		1.78				2.18

				@80%/MMSE		2.16				2.32

				@85%/MMSE		2.34				2.39





Test 1- FDD TM3

		



NTT DOCOMO (R4-144388) R-ML

NTT DOCOMO (R4-144388) MMSE

NTT DOCOMO (R4-144388) CWIC

SNR (dB)

Throughput (Mbps)

FDD TM3 EVA70 2x2 Medium



Test 2- FDD TM4

		

				Max Tput (Mbps)		70%		80%		85%

				23.33		16.33		18.66		19.83

				FDD TM4		Throughput (Mbps)

						NTT DOCOMO (R4-144388)						Company A (R4-14xxxx)						Company B (R4-14xxxx)						Company C (R4-14xxxx)						Company D (R4-14xxxx)						Company E (R4-14xxxx)						Company F (R4-14xxxx)						Company G (R4-14xxxx)						Company H (R4-14xxxx)						Company I (R4-14xxxx)						Company J (R4-14xxxx)

				SNR (dB)		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC

				2

				3

				4		2.74		3.97		5.21

				5

				6		4.86		5.84		7.42

				7

				8		6.83		7.35		8.83

				9

				10		8.44		8.71		10.92

				11

				12		10.12		10.09		12.10

				13

				14		12.12		11.65		13.54

				15

				16		14.50		13.40		17.18

				17

				18		18.35		15.51		21.53

				19

				20		22.18		18.01		23.09

				21

				22		23.26		20.41		23.30

				23

				24		23.33		21.97		23.33

				25

				26

				27

				28

				SNR @70% MaxTput		16.95		18.65		15.53

				SNR @80% MaxTput		18.16		20.54		16.68

				SNR @85% MaxTput		18.77		21.52		17.22

				@70%/MMSE		1.70				3.12

				@80%/MMSE		2.38				3.86

				@85%/MMSE		2.75				4.30





Test 2- FDD TM4

		



NTT DOCOMO (R4-144388) R-ML

NTT DOCOMO (R4-144388) MMSE

NTT DOCOMO (R4-144388) CWIC

Company A (R4-14xxxx) R-ML

Company A (R4-14xxxx) MMSE

Company A (R4-14xxxx) CWIC

SNR (dB)

Throughput (Mbps)

FDD TM4 ETU70 2x2 Medium



Test 3 FDD TM9 option 2

		

				Max Tput (Mbps)		70%		80%		85%

				20.22		14.16		16.18		17.19

				FDD TM9
Option 2		Throughput (Mbps)

						NTT DOCOMO_Colliding CRS (R4-144388)						NTT DOCOMO_Single cell (R4-144388)						Company B (R4-14xxxx)						Company C (R4-14xxxx)						Company D (R4-14xxxx)						Company E (R4-14xxxx)						Company F (R4-14xxxx)						Company G (R4-14xxxx)						Company H (R4-14xxxx)						Company I (R4-14xxxx)						Company J (R4-14xxxx)

				SNR (dB)		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC		R-ML		MMSE		CWIC

				2

				3

				4		2.16		3.47		4.35		2.17		3.48		4.35

				5

				6		4.08		5.10		6.32		4.08		5.10		6.32

				7

				8		5.87		6.47		7.83		5.86		6.47		7.83

				9

				10		7.43		7.75		9.55		7.42		7.75		9.55

				11

				12		9.07		9.06		10.56		9.07		9.06		10.56

				13

				14		10.77		10.41		12.54		10.77		10.41		12.56

				15

				16		13.48		12.19		17.18		13.48		12.19		17.17

				17

				18		17.72		14.85		19.82		17.73		14.85		19.81

				19

				20		19.95		17.64		20.20		19.95		17.64		20.20

				21

				22		20.21		19.45		20.22		20.21		19.45		20.22

				23

				24		20.22		20.07		20.22		20.22		20.07		20.22

				25

				26

				27

				28

				SNR @70% MaxTput		16.50		17.48		14.70

				SNR @80% MaxTput		17.27		18.95		15.24

				SNR @85% MaxTput		17.75		19.68		16.01

				@70%/MMSE		0.98				2.78

				@80%/MMSE		1.68				3.71

				@85%/MMSE		1.93				3.67





Test 3 FDD TM9 option 2

		



NTT DOCOMO_Colliding CRS (R4-144388) R-ML

NTT DOCOMO_Colliding CRS (R4-144388) MMSE

NTT DOCOMO_Colliding CRS (R4-144388) CWIC

NTT DOCOMO_Single cell (R4-144388) R-ML

NTT DOCOMO_Single cell (R4-144388) MMSE

NTT DOCOMO_Single cell (R4-144388) CWIC

SNR (dB)

Throughput (Mbps)

FDD TM9 ETU5 2x2 Medium




