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1 Introduction
In RAN4#71, further agreements on the scenarios for the SU-MIMO feature were made and were captured in the ad hoc meeting minutes [1]. A summary of the agreements is as follows:
Single-cell demodulation test:

· 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.

	Test setup reference in 36.101
	Duplex model
	TM
	Antenna configuration
	Fading channel
	Mod

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

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

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

	8.2.2.3.1
	TDD
	TM3
	[2x2 Medium]
	[EVA 70]
	16QAM

	8.2.2.4.2
	TDD
	TM4
	[2x2 Medium]
	[ETU 70]
	16QAM

	8.3.2.2
	TDD
	TM8
	[2x2 Medium]
	[EPA 5]
	16QAM


· 6% EVM will be used in simulation alignment

Multi-Cell scenarios:
· UE proper implementation of interference and noise whitening will be verified.
In this paper we present the following:

· Single cell demodulation simulation results for alignment using the assumptions agreed
· Discussion on multi-cell scenarios
2 Single Cell Demodulation Simulation Results
Simulation results using the assumptions in [1] for 2x2 medium correlation are shown in figures 1 to 6.
The receivers used for these simulations are R-ML and Rel 11 LMMSE-IRC.
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Figure 1: FDD Single Cell TM3
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Figure 2: TDD Single Cell TM3

	[image: image3.emf]8 10 12 14 16 18 20 22 24 26 28

8

10

12

14

16

18

20

22

24

FDD TM4 (Ref: 8.2.1.4.2), R.11 FDD, 2x2 ETU70 Medium Corr

Serving SNR (dB)

PDSCH Throughput (Mbps)

 

 

Rel 11 LMMSE-IRC

R-ML


Figure 3: FDD Single Cell TM4
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Figure 4: TDD Single Cell TM4
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Figure 5: FDD Single Cell TM9
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Figure 6: TDD Single Cell TM8


Table 1 shows the SNR at 70%, 80% and 85% peak throughput. Table 2 shows the R-ML gains achieved. 
Table 1: 1 Cell SNR (dB) @ 70% and 85% Peak Throughput (Absolute Value)
	
	
	
	
	SNR (dB) @ 
70% Peak Throughput
	SNR (dB) @ 80% Peak Throughput
	SNR (dB) @ 85% Peak Throughput

	Ref
	Scenario
	Channel
	Correlation
	LMMSE-IRC
	R-ML
	LMMSE-IRC
	R-ML
	LMMSE-IRC
	R-ML

	8.2.1.3.1
	1 cell FDD TM3
	EVA70
	Medium
	17.32
	15.70
	18.27
	16.47
	18.77
	16.86

	8.2.1.4.2
	1 cell FDD TM4
	ETU70
	Medium
	17.11
	15.79
	18.97
	16.98
	19.87
	17.61

	8.3.1.2
	1 cell FDD TM9
	EPA5
	Medium
	16.76
	15.04
	18.87
	16.57
	19.99
	17.49

	8.2.2.3.1
	1 cell TDD TM3
	EVA70
	Medium
	16.80
	15.36
	17.79
	16.19
	18.33
	16.61

	8.2.2.4.2
	1 cell TDD TM4
	ETU70
	Medium
	16.71
	15.47
	18.53
	16.74
	19.44
	17.38

	8.3.2.2
	1 cell TDD TM8
	EPA5
	Medium
	16.40
	15.00
	8.60
	16.60
	19.80
	17.20


Table 2: 1 Cell SNR (dB) @ 70% and 85% Peak Throughput (R-ML Gains)
	Ref
	Scenario
	Channel
	Correlation
	R-ML Gain (dB) @ 70% Peak Throughput
	R-ML Gain (dB) @ 80% Peak Throughput
	R-ML Gain (dB) @ 85% Peak Throughput

	8.2.1.3.1
	1 cell FDD TM3
	EVA70
	Medium
	1.62
	1.80
	1.91

	8.2.1.4.2
	1 cell FDD TM4
	ETU70
	Medium
	1.32
	1.99
	2.26

	8.3.1.2
	1 cell FDD TM9
	EPA5
	Medium
	1.72
	2.30
	2.50

	8.2.2.3.1
	1 cell TDD TM3
	EVA70
	Medium
	1.44
	1.60
	1.72

	8.2.2.4.2
	1 cell TDD TM4
	ETU70
	Medium
	1.24
	1.79
	2.06

	8.3.2.2
	1 cell TDD TM8
	EPA5
	Medium
	1.40
	2.00
	2.60


From the results above we can observe the gains for R-ML over LMMSE-IRC. Due to the higher operating SNR region where R-ML receivers perform best, the gains at 85% peak throughput are higher than those for 70% peak throughput.
In order to have a good separation between the SU-MIMO receiver and LMMSE-IRC receiver, we can consider changing the SNR requirements to higher than 70%.
Proposal 1: For SU-MIMO, consider using a higher SNR operating point by using a higher than 70% of peak throughput value (e.g. 85%).
3 Multicell Cases
In the last meeting, it was agreed that:

· UE proper implementation of interference and noise whitening will be verified
In this section we show simulation results for multicell scenarios using the following assumptions:

Reusing the same assumptions in the current 36.101 Rel 11 IRC tests (8.2.1.2.4, and 8.2.1.4.1B) with the following modifications:

· Use R.11 FDD (16QAM) for the serving cell

· Use Medium correlation or Low correlation
· Use TM3 instead of TM2 for 8.2.1.2.4

· Use TM4 2 layer instead of TM4 1 layer for 8.2.1.4.1B

· Use Rel12 NAICS INR values instead of DIP values. 
· NAICS scenario 1, RU=40%, SINR = 40-60%tile, INR1 = 50%tile, was used. Namely, INR1 = 6.24 dB and INR2 = 1.54 dB. 

Figures 7, and 8 show the simulation results for these cases.
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Figure 7: FDD Multicell TM3 
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Figure 8: FDD Multicell TM4
From the results above, it can be observed that 
· In low correlation channel, interference rejection gain is very small for both LMMSE and R-ML receiver when serving PDSCH is rank 2.

· In medium correlation channel, we can observe both interference rejection combining gain and R-ML gain. Under given interference power profile, most of gain is combing from interference rejection combining. 

Thus, it would be beneficial to define multicell SU-MIMO test to verify proper UE implementation, i.e., SU-MIMO receiver combined with IRC. In order to avoid too many test cases, we would like to propose to switch one of agreed SU-MIMO tests into multicell test. 
Proposal 2: Introduce multicell SU-MIMO test by switching one of agreed SU-MIMO tests into multicell test.
4 Conclusions
In this paper we present the following:

· Single cell demodulation simulation results for alignment using the assumptions agreed

· Discussion on multi-cell scenarios

Proposal 1: For SU-MIMO, consider using a higher SNR operating point by using a higher than 70% of peak throughput value (e.g. 85%).
Proposal 2: Introduce multicell SU-MIMO test by switching one of agreed SU-MIMO tests into multicell test.
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