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1. Introduction

In RAN4 #70bis meeting, the initial agreements of SU-MIMO advanced receiver had achieved (ref. [1]). The typical scenarios and reference receiver options for SU-MIMO are also in way forward [1]. In this paper, we provide our considerations on the demodulation requirement of SU-MIMO advanced receiver.
2. Discussion
In the way forward [1], there were 3 reference receiver candidates: CWIC, R-ML and SLIC. Besides SU-MIMO, advance receiver is also used for other scenario such as NAICS with inter-cell interference. From the UE implementation point of view, same receiver structure is highly recommended to reduce the receiver implementation complexity and cost. In the conclusion of NAICS study, CWIC receiver is not considered since the implementation complexity and required network assistance. Therefore we propose not to consider CWIC for SU-MIMO reference receiver.
Proposal 1: Consider selecting reference receiver for SU-MIMO among R-ML and SLIC receivers.
To highlight the performance gain of advanced receiver for SU-MIMO, it is reasonable focusing on high SNR cases. Usually, there are 2 approaches of simulation assumption for high SNR case: high MCS level and use medium correlation channel rather than low correlation channel. In [1], it is proposed to use medium correlation channel for all demodulation simulation assumptions and the MCS level are 16QAM and 64QAM. With MCS level 64QAM 1/2 together and medium correlation channel,  maybe the required SNR is too high such that it is out of the range of practical test SNR for SU-MIMO.
Figure 1 is the simulation result of case 3 of in [1]. The test setup is 2x2 medium, EPA5, 64QAM 1/2. It is seen that the required SNR is about 23dB at the 70% of maximum throughput. This required SNR is higher than usual practical test SNR region. If implementation margin is considered, the required SNR will be even higher. There is no test case in 36.101 has such high required SNR.

Low correlation channel can be used to relax the high SNR requirement. Figure 2 is the simulation results with the same parameters of Figure 1 (case 3 of in [1]), but the propagation channel is low correlation. It is seen that the required SNR is about 16.5dB at the 70% of maximum throughput. However, the performance gain of R-ML receiver is quite small than MMSE receiver. So we propose for SU-MIMO advanced receiver test, case 3 in [1] will not be considered since the high required SNR.
Table 1 is the SU-MIMO demodulation test assumptions. They are the same as the simulation assumptions in [1], except the test case 3 is dropped.
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Figure 1. Simulation of test setup 8.2.1.4.2, 2x2 Medium
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Figure 2. Simulation of test setup 8.2.1.4.2, 2x2 Low
Proposal 2: For SU-MIMO demodulation simulation assumption setup, do not consider 2x2 medium, 64QAM 1/2 test case (8.2.1.4.2 in 36.101)
Table 1. Simulation assumptions for SU-MIMO

	TM
	Antenna Configuration
	Fading channel
	Modulation
	Test setup reference in 36.101

	TM3
	2x2 Medium
	EVA70
	16QAM
	8.2.1.3.1

	
	2x2 Medium
	EVA70
	16QAM
	8.2.1.3.2

	TM4
	2x2 Medium
	ETU70
	16QAM
	8.2.1.4.2

	
	4x2 Medium
	EPA5
	64QAM
	8.2.1.4.3

	TM9
	2x2 Medium
	EPA5
	16QAM
	8.3.1.2


MMSE and R-ML receiver are both based on the assumption that the noise is white noise. In other words, the receiver is optimal if the aggressor signal is white noise. In multi-cell scenarios, besides the AWGN noise Rx, usually UE also has interference from neighbor cells. If this inter-cell interference is dominant, it should be verified that the advanced receiver R-ML still has performance gain than MMSE.

Usually noise pre-whitening is used to improve the receiver performance if the noise is not white noise. Figure 3 is the simulation results of the TM9 test case in Table 1. Use the same inter-cell interference signal level as in 8.3.1.2 of 36.101, i.e., INR=7.25dB. It is seen that without noise pre-whitening, R-ML and MMSE have almost the same performance. There is no gain of R-ML if the receiver is not properly implemented to handle the inter-cell interference. With noise pre-whitening, both MMSE and R-ML receiver performance are improved. Moreover R-ML has about 0.8dB performance gain than MMSE receiver at 70% of maximum throughput.
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Figure 3. Multi-cell SU-MIMO demodulation performance, TM9
It was agreed in [1] that single cell scenario has high priority for SU-MIMO. However, if the inter-cell interference is dominant for multi-cell scenarios, the performance will have significant difference if the UE implement the receiver improperly. So we propose introducing a test case of multi-cell scenario to verify UE receiver implementation with inter-cell interference. TM9 test case in Table 1 can be a candidate test. However, as the simulation result in Figure 3, the gain of R-ML is just 0.8dB. Therefore we are open to introduce another test setup for multi-cell scenarios.
Proposal 3: Introduce a test case for multi-cell scenarios to verify the advanced receiver is properly implemented.
3. Simulation Results
In this section, we provide our simulation results for alignment purpose. The simulation assumptions are the same as [1]. Figure 4 - Figure 9 are the throughput comparison between R-ML and MMSE for the test case 1-6 in [1].
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Figure 4. R-ML vs. MMSE, TM3, EVA70, 2x2 Medium, 16QAM, 8.2.1.3.1
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Figure 5. R-ML vs. MMSE, TM3, EVA70, 4x2 Medium, 16QAM, 8.2.1.3.2
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Figure 6. R-ML vs. MMSE, TM4, EPA5, 2x2 Medium, 64QAM, 8.2.1.4.2
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Figure 7. R-ML vs. MMSE, TM4, ETU70, 2x2 Medium, 16QAM, 8.2.1.4.2
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Figure 8. R-ML vs. MMSE, TM4, EPA5, 4x2 Medium, 64QAM, 8.2.1.4.3
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Figure 9. R-ML vs. MMSE, TM9, EPA5, 2x2 Medium, 16QAM, 8.3.1.2

Table 2 is the required SNR for R-ML receiver of 70% maximum throughput, and the SNR gain to MMSE receiver.

Table 2. R-ML SNR gain to MMSE
	TM
	Antenna Configuration
	Fading channel
	Modulation
	Test setup reference in 36.101
	Required SNR for R-ML receiver
	Gain of R-ML to MMSE

	TM3
	2x2 Medium
	EVA70
	16QAM
	8.2.1.3.1
	16.02dB
	2.09dB

	
	2x2 Medium
	EVA70
	16QAM
	8.2.1.3.2
	17.91dB
	3.51dB

	TM4
	2x2 Medium
	EPA5
	64QAM
	8.2.1.4.2
	22.60dB
	0.88dB

	
	
	ETU70
	16QAM
	8.2.1.4.2
	16.69dB
	2.05dB

	
	4x2 Medium
	EPA5
	64QAM
	8.2.1.4.3
	19.50dB
	1.25dB

	TM9
	2x2 Medium
	EPA5
	16QAM
	8.3.1.2
	16.64dB
	0.8dB


4. Conclusion
In this contribution, we give our consideration on SU-MIMO advanced receiver, our proposals are:
Proposal 1: Consider selecting reference receivers for SU-MIMO among R-ML and SLIC receivers.
Proposal 2: For SU-MIMO demodulation simulation assumption setup, do not consider 2x2 medium, 64QAM 1/2 test case (8.2.1.4.2 in 36.101)

Proposal 3: Introduce a test case for multi-cell scenarios to verify the advanced receiver is properly implemented. 
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