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1. Introduction

At the last RAN4#70bis meeting, the following assumptions with regard to typical scenarios for SU-MIMO advanced receivers were agreed [1]. 
· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations

· Multi-cell scenario is FFS.

· Prioritize medium antenna correlation

Regarding the multi-cell scenario, the current status is still FFS. Therefore, in this contribution, we provide the reason why such scenario should be addressed for the investigations on SU-MIMO advanced receiver. Furthermore, we clarify the need of appropriate implementation assuming multi-cell scenario based on the evaluation results.

2. Performance Evaluation of SU-MIMO Advanced Receiver in Multi-cell Scenarios
2.1. Motivation of Investigation in Multi-cell Scenario
As we mentioned in our contribution [2], it is clear that SU-MIMO advanced receiver can be applied obviously even in asynchronous NW, therefore SU-MIMO should be assumed in the asynchronous NW. From this perspective, we consider that at least following implementations should be applied appropriately for SU-MIMO advanced receivers to suppress or whiten the inter-cell interference.

· CWIC based on Rel.11 MMSE-IRC as linear processing to suppress inter-cell interference
· R-ML with whitening filter to treat inter-cell interference as additive white Gaussian noise (AWGN) [3]

Details of receiver structure examples for each implementation are shown in Annex.

The single-cell scenario has been prioritized as captured in the current agreements, and we agree that the UE demodulation requirements would be specified assuming such scenarios. However, the above appropriate implementations for CWIC and R-ML cannot be verified in the single-cell scenarios where the inter-cell interference is assumed as AWGN since these implementations aim to suppress or whiten the inter-cell interference. This is our concern if the requirements are specified only in the single-cell scenarios. On the other hand, when assuming the multi-cell scenarios, i.e., considering the inter-cell interference explicitly, we can verify whether such appropriate implementations are applied or not. In other words, it is obvious that the performance of the SU-MIMO advanced receiver with the appropriate implementation is better than that without such implementation. Therefore, we consider that the multi-cell scenario should be also addressed in the SU-MIMO WI. To clarify the throughput difference due to the appropriate implementations, this contribution investigates SU-MIMO demodulation performance in the multi-cell scenarios. 

2.2. Simulation Assumptions
In this contribution, we assume the simulation conditions based on the Rel. 11 Type-A (MMSE-IRC) receiver test conditions as the multi-cell scenario. The differences are summarized as follows.

· NAICS Scenario 1 interference modeling is applied instead of DIP values
· Medium (40-60%-ile) geometry, I1/Noc@50%-ile, RU = 40% are assumed

· Both low and medium correlations are evaluated for TM3 and TM4
· Additional 16QAM (R = 1/2) case is evaluated for TM3 and TM4
· Synchronous NW is assumed for TM3

Furthermore, the current TM9 dual-layer test conditions are specified assuming the multi-cell scenario to verify the appropriate SNR estimation [4]. In this contribution, we also evaluate the user throughput performance assuming this test condition. Note that only Rank-1/Rank-2 transmission probability is modified based on Type-A receiver test conditions, i.e., probability of Rank-1 (Rank-2) transmission is assumed to be 70% (30%). Simulation conditions employed in this contribution are summarized as follows.
	Test #
	TM
	Antenna configuration
	Fading channel
	MCS
	Test setup reference in 36.101

	1
	TM3
	2x2 Low correlation
	EVA70
	QPSK (R = 2/5)
	Based on Section 8.2.1.2.4

	2
	
	2x2 Medium correlation
	
	
	

	3
	
	2x2 Low correlation
	
	16QAM (R = 1/2)
	

	4
	
	2x2 Medium correlation
	
	
	

	5
	TM4
	2x2 Low correlation
	EVA5
	16QAM (R = 1/3)
	Based on Section 8.2.1.4.1B

	6
	
	2x2 Medium correlation
	
	
	

	7
	
	2x2 Low correlation
	
	16QAM (R = 1/2)
	

	8
	
	2x2 Medium correlation
	
	
	

	9
	TM9
	4x2 Low correlation
	EVA5
	QPSK (R = 1/2)
	Based on Section 8.3.1.1A

	10
	
	2x2 Low correlation
	ETU5
	16QAM (R = 1/2)
	Based on Section 8.3.1.2


Regarding the receiver type, we assume the following five receivers in this evaluation.
· MMSE-IRC
· CWIC based on MMSE as linear processing

· CWIC based on MMSE-IRC as linear processing

· R-ML w/o whitening filter (w/o WF)

· R-ML w/ whitening filter (w/ WF)
2.3. Evaluation Results
Figures 1 to 3 show the user throughput performance for Test 4, Test 8, and Test 10, respectively. The results for other test cases are shown in Annex.
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Fig. 1 –Test 4 results (TM3, 2x2 Med., 16QAM1/2)           Fig. 2 –Test 8 results (TM4, 2x2 Med., 16QAM1/2)
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Fig. 10 –Test 10 results (TM9, 2x2 Low, 16QAM1/2)
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 difference between SU-MIMO advanced receivers with and without appropriate implementation.
Table 1 – SNR values for 70%-ile user throughput

	Test #
	CWIC based on MMSE
	CWIC based on MMSE-IRC
	R-ML w/o WF
	R-ML w/ WF

	1
	2.1 dB
	1.5 dB (+0.6 dB)
	2.6 dB
	2.1 dB (+0.5 dB)

	2
	5.1 dB
	4.1 dB (+1.0 dB)
	6.0 dB
	4.2 dB (+1.8 dB)

	3
	10.4 dB
	10.4 dB (0.0 dB)
	11.2 dB
	11.0 dB (+0.2 dB)

	4
	13.5 dB
	13.5 dB (0.0 dB)
	15.4 dB
	13.2 dB (+2.2 dB)

	5
	5.5 dB
	4.7 dB (+0.8 dB)
	6.7 dB
	5.8 dB (+0.9 dB)

	6
	8.5 dB
	7.5 dB (+1.0 dB)
	10.6 dB
	8.5 dB (+2.1 dB)

	7
	8.9 dB
	8.4 dB (+0.5 dB)
	10.0 dB
	9.2 dB (+0.8 dB)

	8
	12.1 dB
	11.2 dB (+0.9 dB)
	14.2 dB
	11.8 dB (+2.4 dB)

	9
	3.1 dB
	1.3 dB (+1.8 dB)
	3.6 dB
	1.5 dB (+2.1 dB)

	10
	10.0 dB
	9.2 dB (+0.8 dB)
	11.1 dB
	10.1 dB (+1.0 dB)


The evaluation results show that for CWIC, the additional gain (~ 1.8 dB) can be achieved when applying the MMSE-IRC as linear processing for each cancellation stage. Furthermore, for R-ML, the additional gain (~ 2.4 dB) can be achieved when applying the whitening filter to treat inter-cell interference as AWGN. Note that based on the whole evaluation results including Figs. A1 to A9 in Annex, performance degradation compared to Rel.11 MMSE-IRC occurs in a lot of test conditions that we assumed in this contribution when assuming the inappropriate implementation for R-ML, i.e., R-ML without the whitening filter.

Observation 1: For CWIC, additional gain (~ 1.8 dB) can be achieved when applying MMSE-IRC as linear processing for each cancellation stage
Observation 2: For R-ML, additional gain (~ 2.4 dB) can be achieved when applying whitening filter to treat inter-cell interference as AWGN
· Otherwise, performance degradation compared to Rel.11 MMSE-IRC occurs in a lot of test conditions that we assumed 
Based on the above observations, we clarified that both for CWIC and R-ML, the appropriate implementation considering the multi-cell scenario, i.e., MMSE-IRC for CWIC and whitening filter for R-ML, should be applied. 
Proposal 1: Both for CWIC and R-ML, the appropriate implementation considering multi-cell scenario, i.e., MMSE-IRC for CWIC and whitening filter for R-ML, should be applied
As mentioned before, these appropriate implementations cannot be verified when assuming the single-cell scenario. Therefore, verification test in the multi-cell scenario should be specified to verify such implementations for SU-MIMO advanced receiver in addition to the UE demodulation requirements assuming the single-cell scenarios. As the verification test, the additional UE demodulation test for multi-cell scenario and/or the receiver type verification test such as Rel.11 MMSE-IRC CQI test can be considered.
Proposal 2: Verification test in multi-cell scenario should be specified to verify appropriate implementations for SU-MIMO advanced receiver in addition to UE demodulation requirements assuming single-cell scenarios
· As verification test, additional UE demodulation test for multi-cell scenario and/or receiver type verification test such as Rel.11 MMSE-IRC CQI test can be considered
3. Conclusion

In this contribution, we provided the reason why the multi-cell scenario should be addressed for the investigations on SU-MIMO advanced receiver. Furthermore, we clarified the need of implementation assuming multi-cell scenario based on the evaluation results. Based on the results, the following observations and proposals were described.
· Observations
Observation 1: For CWIC, additional gain (~ 1.8 dB) can be achieved when applying MMSE-IRC as linear processing for each cancellation stage
Observation 2: For R-ML, additional gain (~ 2.4 dB) can be achieved when applying whitening filter to treat inter-cell interference as AWGN
· Otherwise, performance degradation compared to Rel.11 MMSE-IRC occurs in a lot of test conditions that we assumed
· Proposals
Proposal 1: Both for CWIC and R-ML, the appropriate implementation considering multi-cell scenario, i.e., MMSE-IRC for CWIC and whitening filter for R-ML, should be applied
Proposal 2: Verification test in multi-cell scenario should be specified to verify appropriate implementations for SU-MIMO advanced receiver in addition to UE demodulation requirements assuming single-cell scenarios
· As verification test, additional UE demodulation test for multi-cell scenario and/or receiver type verification test such as Rel.11 MMSE-IRC CQI test can be considered
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Annex
For CWIC based on linear processing, linear processing algorithm, e.g., ZF, MMSE, or MMSE-IRC, for each cancellation stage can be implementation choice. Fig. A1 illustrates the receiver structure examples corresponding to the linear processing algorithms, i.e., MMSE and MMSE-IRC. From these structures, it is obvious that the difference between structures is only the detector type.


[image: image4]
(a) CWIC based on MMSE             


[image: image5]
(b) CWIC based on MMSE-IRC

Fig. A1 – Receiver structure examples for CWIC


For R-ML, whitening filter can be applied to treat inter-cell interference as AWGN. Fig. A2 illustrates the receiver structure examples with and without the whitening filter. From these structures, it is obvious that the difference between structures is only whether the whitening filter is applied or not.
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(a) R-ML w/o whitening filter (w/o WF) 
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(b) R-ML w/ whitening filter (w/ WF)
Fig. A2 – Receiver structure examples for R-ML
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Fig. A3 –Test 1 results (TM3, 2x2 Low, QPSK2/5)         Fig. A4 –Test 2 results (TM3, 2x2 Medium, QPSK2/5)
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Fig. A5 –Test 3 results (TM3, 2x2 Low, 16QAM1/2)         Fig. A6 –Test 5 results (TM4, 2x2 Low, 16QAM1/3)
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Fig. A7 –Test 6 results (TM4, 2x2 Medium, 16QAM1/3)    Fig. A8 –Test 7 results (TM4, 2x2 Low, 16QAM1/2)
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Fig. A9 –Test 9 results (TM9, 4x2 Low, QPSK1/2)
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