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1 Introduction
In RAN4#70bis, further agreements on the scenarios for SU-MIMO feature were made and were captured in the WF [1]. A summary of the WF is as follows:
Typical Scenarios:

· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations
· Multi-cell scenario is FFS.
· Prioritize medium antenna correlation
· Current 36.101 single cell multi-layer spatial multiplexing FRC test setups can be used as the starting point for aligning simulation results for demodulation
· Other fading propagation channels and MCS values can be studied

Reference receiver:
· Candidate reference receiver set: CWIC/R-ML/SLIC
CSI requirements:
· No new PMI requirements for SU-MIMO are needed
· Companies are encouraged to provide studies on the need of new CQI/RI requirements in the next meeting.

· Study the reference receiver with current CSI tests
For demodulation, the following assumptions were made:

	TM
	Antenna configuration
	Fading channel
	Mod
	Test setup reference in 36.101

	TM3
	2x2 Medium
	EVA 70
	16QAM
	8.2.1.3.1

	
	4x2 Medium
	EVA 70
	16QAM
	8.2.1.3.2

	TM4
	2x2 Medium
	EPA 5
	64QAM
	8.2.1.4.2

	
	
	ETU 70
	16QAM
	8.2.1.4.2

	
	4x2 Medium
	EPA 5
	64QAM
	8.2.1.4.3

	TM9
	2x2 Medium
	EPA 5
	16QAM
	8.3.1.2


In this paper we present the following:

· Discussion on receiver selection

· Demodulation simulation results using the assumptions in the WF

· Discussion on multi-cell scenarios
2 Reference Receivers

In the last meeting’s WF, the candidates for the reference receivers were CWIC, R-ML or SLIC. 

In the context of the Rel12 NAICS feature, the receiver candidates were R-ML, SLIC or ELMMSE. In order to reduce the complexity of UE implementation by leveraging the work done for the NAICS receiver into the SU-MIMO receiver design, we propose that we use SU-MIMO reference receiver to be in-line of that for NAICS. 

Proposal 1: To be in-line with NAICS and leverage the NAICS work into SU-MIMO, reduce the candidate reference receiver set for SU-MIMO to: R-ML/SLIC.
In this contribution we have shown simulation results for R-ML based SU-MIMO receiver. 
Note that the R-ML/SLIC receivers in the SU-MIMO context treats the inter-cell interference as Gaussian without any classification/detection algorithms. 

3 Single Cell Simulation Results
Simulation results using the assumptions in [1] for TM3 and TM4 2x2 medium correlation are shown in figures 1 to 3.
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Figure 1: TM3 2x2 Medium Correlation (R.11)
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Figure 2: TM4 Test 1 2x2 Medium Correlation (R.35)
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Figure 3: TM4 Test 2 2x2 Medium Correlation (R.11)


Tables 1 and 2 show the SNR at 70% and 85% peak throughput, respectively. 

Table 1: SNR (dB) @ 70% Peak Throughput

	Scenario
	LMMSE-IRC
	R-ML
	Gain (dB)

	TM3 Test 1
	17.45
	15.80
	1.65

	TM4 Test 1
	23.12
	22.41
	0.71

	TM4 Test 2
	17.33
	15.90
	1.43


Table 2: SNR (dB) @ 85% Peak Throughput

	Scenario
	LMMSE-IRC
	R-ML
	Gain (dB)

	TM3 Test 1
	19.25
	16.97
	2.28

	TM4 Test 1
	26.63
	26.01
	0.62

	TM4 Test 2
	20.34
	17.73
	2.61


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.
One other way to increase the operating SNR region is to increase the modulation order. However increasing the modulation order would add more noise when trying to evaluate the interferer stream hypotheses and the distance metric degrades because of the closer 64QAM hypotheses of the interfering stream. This is illustrated in figure 4 which uses the exact assumptions for figure 1 (TM3, 2x2 medium correlation) but using R.35. Here the gains for R-ML reduces to ~ 0.6 dB. The same effect can be seen using the TM4 case as in figure 2. 
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Figure 4: TM3 2x2 Medium Correlation (R.35)


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 2: For SU-MIMO, consider using a higher SNR operating point by using a higher than 70% of peak throughput value (e.g 85%).
Proposal 3: For SU-MIMO, consider using 16QAM modulation for serving cell to ensure high SNR operating point as well as good separation from LMMSE-IRC.
4 Multicell Cases
In the last meeting, multicell scenarios were left as FFS. 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

· Use TM3 instead of TM2 for 8.2.1.2.4

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

Figures 5 and 6 show the simulation results for these cases.
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Figure 5: Multicell TM3 2x2 Medium Correlation
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Figure 6: Multicell TM4 2x2 Medium Correlation


Tables 3 and 4 show the SNR at 70% and 85% peak throughput, respectively. 

Table 3: Multicell case: Serving SNR (dB) @ 70% Peak Throughput

	Scenario
	LMMSE-IRC
	R-ML
	Gain (dB)

	TM3 MultiCell
	20.38
	19.71
	0.67

	TM4 MultiCell
	19.65
	19.18
	0.47


Table 4: Multicell case: Serving SNR (dB) @ 85% Peak Throughput

	Scenario
	LMMSE-IRC
	R-ML
	Gain (dB)

	TM3 MultiCell
	22.56
	21.48
	1.08

	TM4 MultiCell
	22.27
	21.24
	1.03


From the results above, it can be noted that there is benefit in adding multi-cell cases for SU-MIMO as R-ML shows some gains as compared to LMMSE-IRC using the current Rel 11 setup with minor modifications.
Observation 1: SU-MIMO receiver can provide gains as compared to LMMSE-IRC for the existing Rel 11 IRC cases using the same DIP values but with minor setup changes.
The same argument as in proposal 2 and 3 for single cell also holds for multicell. 
5 Conclusions
In this paper we presented the following:

· Discussion on receiver selection

· Demodulation simulation results using the assumptions in the WF

· Discussion on multi-cell scenarios

Proposal 1: To be in-line with NAICS and leverage the NAICS work into SU-MIMO, reduce the candidate reference receiver set for SU-MIMO to: R-ML/SLIC.
Proposal 2: For SU-MIMO, consider using a higher SNR operating point by using a higher than 70% of peak throughput value (e.g 85%).
Proposal 3: For SU-MIMO, consider using 16QAM modulation for serving cell to ensure high SNR operating point as well as good separation from LMMSE-IRC.
Observation 1: SU-MIMO receiver can provide gains as compared to LMMSE-IRC for the existing Rel 11 IRC cases using the same DIP values but with minor setup changes.
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