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1 Introduction
Last RAN4 meeting, the WFs for feasibility test scenarios and reference receiver for enhanced SU-MIMO receivers were agreed [1][2]. Four scenario categories depending on rank and modulation order were considered as follows:
	Scenario
	Rank
	Modulation order
	Benefits and feasibility to be evaluated

	A
	rank-2
	16QAM or 64QAM
	Gain of SU-MIMO IM over MMSE

	B
	rank-2
	256QAM
	Gain; operating SNR Tx EVM; receiver testability

	C
	rank-3/4
	16QAM or 64QAM
	Gain of SU-MIMO IM over MMSE; operating SNR; Tx EVM; 

	D
	rank-3/4
	256QAM
	Gain; operating SNR Tx EVM; receiver testability


In this contribution, we provide our views on test scenarios and initial performance evaluation for enhanced SU-MIMO receiver.
2 Discussion
In [2], feasibility test scenarios were agreed as following table with high priority.

Table 1 Feasibility test scenarios (high priority)
	Cases
	Descriptions of other parameters
	Reference
	Information

	Scenario A: 
rank-2 lower MCS
	Case A-1
	TM4 2-layer 16QAM 1/2 ETU70 2x4 medium
	8.2.1.4.2A
	Rel-12 SU-MIMO based test case

	
	Case A-2
	TM9 2-layer 16QAM 1/2 EPA5   2x4 medium
	8.3.1.2A
	Rel-12 SU-MIMO based test case

	Scenario B: 
rank-2 256QAM
	Case B-1
	TM4 2-layer 256QAM 1/2 EPA5   4x4 medium A
	8.10.1.1.4 test 2
	Rel-13 4RX AP based test case

	Scenario C: 
rank-3/4 lower MCS 
	Case C-1
	TM3 3-layer 64QAM 0.43 EVA70 4x4 medium-A Xpol
	8.10.1.1.7
	Rel-13 4RX AP based test case

	
	Case C-2
	TM4 4-layer 16QAM 1/2 EPA5 4x4 medium-A
	8.10.1.1.8
	Rel-13 4RX AP based test case

	
	Case C-3
	TM9 4-layer 16QAM 0.57 EPA5 4x4 medium-A Xpol
	8.10.1.1.9
	Rel-13 4RX AP based test case

	Scenario D: 
rank-3/4 256QAM
	Case D-1
	TM3 3-layer 256QAM 0.62 EPA5 4x4 medium-A Xpol
	/
	Additional scenario for 256QAM

	
	Case D-2
	TM4 4-layer 256QAM 0.55 EPA5 4x4 medium-A Xpol
	/
	Additional scenario for 256QAM


For reference receiver, RML receiver is highly prioritized in WID, but CWIC receiver is not precluded for performance evaluation. Reference receivers for advanced feature such as 2Rx SU-MIMO, NAICS, and MUST were defined as following table, and RML receiver is commonly used. For UE implementation perspective, unified receiver structure to support various advanced features is very efficiently. 

Table 2 Reference receiver for advanced feature
	Release
	Feature
	Reference Receiver

	Rel-12
	NAICS
	SLIC and R-ML

	Rel-12
	2Rx SU-MIMO
	R-ML and CWIC

	Rel-14
	MUST
	R-ML


· Proposal 1: define R-ML receiver as single reference receiver for enhanced SU-MIMO receiver

In this contribution, the performance evaluations for RML receiver are focused.

Rank 2 with lower MCS

Figure 1 shows throughput performance for case A-1 and A-2. The performance gain for 4Rx SU-MIMO receiver can be achieved by 3~4dB at 70% max throughput over MMSE receiver. For rank 2 performance requirements, existing test case which was defined Rel-12 SU-MIMO WI can be reused. 
· Observation 1: For rank 2 with lower MCS, reasonable performance gain and target SNR point using existing test case can be achieved. 
For 2Rx and 4Rx SU-MIMO tests, it could be reused by Rel-13 4Rx WI applicability rule, and detail approach is FFS.
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Figure 1 Throughput performance for rank 2 with lower MCS under 2X4 antenna
Rank 2 with 256QAM
For 256QAM test case, RAN4 need to consider feasibility with following considerations as mentioned in WID.

· Operating SNR, realistic Tx EVM assumption, performance gains, reference receiver complexity and testability

For scenario B for 256QAM with rank 2, simulation result is provided in Figure 2. RML receiver has 2dB performance gain at 70% max throughput in comparison with MMSE receiver. Target SNR point at 70% max throughput is 22dB with 3% Tx EVM.
· Observation 2: For rank 2 with 256QAM scenario, RML receiver provides reasonable performance gain and target SNR point at 70% max throughput with 3% Tx EVM.

The performance requirements for Rank2 with 256QAM could be considered with enhanced SU-MIMO performance requirements. 
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Figure 2 Throughput performance for rank 2 with 256QAM under 4X4 antenna
Rank 3/4 with lower MCS

Rank 3/4 with lower MCS scenarios are based on Rel-13 4RxAP WI test cases. Figure 3 shows throughput performance for Case C-1, C-2, and C-3. For case C-1 which is rank 3 with 64QAM, enhanced SU-MIMO receiver provides about 2dB performance gain over MMSE receiver, target SNR point 13.6dB at 70% max throughput. For rank 4 with 16QAM test for TM4 and TM9, the performance gain for enhanced SU-MIMO receiver is more than 3dB in comparison with MMSE receiver, and target SNR point is 25.2dB and 17.05dB at 70% max throughput, respectively. Target SNR point for TM4 four layer case is a little high, but if 40% max throughput is considered, target SNR point can be under 15dB with about 3dB performance gain.
· Observation 3: For TM3 rank 3 with 64QAM / TM9 rank 4 with 16QAM, reasonable performance gain and target SNR point can be achieved with enhanced SU-MIMO receiver.

· Observation 4: For TM4 rank 4 with 16QAM, based on 70% max throughput, reasonable performance gain can be provided, but target SNR point is not feasible.  

· Observation 5: For TM4 rank 4 with 16QAM, based on 40% max throughput, reasonable performance gain and target SNR point can be achieved.
For rank 3 and 4 with lower MCS test case, enhanced SU-MIMO receiver could be feasible using existing Rel-13 4RxAP test cases.
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Figure 3 Throughput performance for rank 3/4 with lower MCS under 4X4 antenna
Rank 4 with 256QAM
Throughput performance for rank4 with 256QAM is provided in Figure 4. The performance for RML receiver is increased over MMSE receiver, but performance gain is relatively smaller than other test scenarios. The target SNR point for RML receiver is around 27.5 for 70% max throughput. RML receiver under this test condition needs to high complexity to get reasonable performance gain and target operating SNR range. However, due to limitation computational complexity in UE implementation, the performance for RML receiver could variable according to RML complexity adjustment [3]. Therefore, it might be difficult to align simulation results among companies since complexity criterion for RML to support rank4 and 256QAM would be different.
· Observation 6: For rank 4 with 256QAM, the performance gain is relatively smaller than other test scenario due to receiver complexity issue.
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Figure 4 Throughput performance for rank 4 with 256QAM under 4X4 antenna
Based on simulation results and above observations, for test scenarios for performance requirements 

· Proposal 2: reuse 2Rx SU-MIMO test cases with 4R and consider applicability rule similar as Rel-13 4RxAP WI

· Proposal 3: reuse rank 3 and 4 test cases for Rel-13 4RxAP WI

· TM3 3 layer with 64QAM under Medium A

· TM4 4 layer with 16QAM under Medium A

· TM9 4 layer with 16QAM under Medium A

· TM4 2 layer with 245QAM under Medium A

· Proposal 4: For high layer with 256QAM, RAN4 needs more performance and complexity analysis for enhanced SU-MIMO receiver.
SNR distribution in real field 
For rank 2 and lower MCS scenarios, enhanced SU-MIMO receiver provides high performance improvement over baseline receiver, also high performance gain for enhanced SU-MIMO receiver can be achieved with high SNR range (> 20dB) for high rank scenarios. Figure 5 shows SNR distribution for 4X4 deployment in real field. The ratio of above SNR 20dB ranges 20~23% depending on Band X and Y. In other words, UE often receives high SNR in real field, and if the UE can support high rank and high modulation order, UE and system performance could be increased. Therefore, RAN4 needs to define minimum performance requirements under high rank and high modulation order scenarios.

Even though RAN4 defines minimum performance requirement under 20dB with constraints such as Tx EVM and impairment margin, to fully utilize high rank and high modulation order in real field, RAN4 might need to define high target SNR requirement. However, under current Tx EVM assumption, it is difficult to define high target SNR range. Therefore, RAN4 need to discuss this issue to utilize high layer and high modulation order. One possible solution to support high layer condition, Tx EVM for high layers could be assumed the same as 256QAM Tx EVM. 
· Observation 7: To utilize high layer in real field, extended target SNR range is required. 

· Proposal 5: RAN4 need to discuss Tx EVM for high layer and/or high modulation order.

[image: image8.png]Ratio (%)

SNR(dB) distribution

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
- l
00%% 1 35~30 | 20~2s 15~20 10~15 5~10
=Bandx  10.87% 12.67% 20.96% 26.86% 18.61% 10.03%

m BandY 1.52% 19.14% 27.59% 29.58% 16.16% 6.00%





Figure 5 SNR distribution for 4X4 in real field test
3 Conclusion 
In this contribution, we provide our views on test scenarios and initial performance evaluation for enhanced SU-MIMO receiver. For reference receiver, 

· Proposal 1: define R-ML receiver as single reference receiver for enhanced SU-MIMO receiver

Based on initial simulation result, we observe
· Observation 1: For rank 2 with lower MCS, reasonable performance gain and target SNR point using existing test case can be achieved.

· Observation 2: For rank 2 with 256QAM scenario, RML receiver provides reasonable performance gain and target SNR point at 70% max throughput with 3% Tx EVM.

· Observation 3: For TM3 rank 3 with 64QAM / TM9 rank 4 with 16QAM, reasonable performance gain and target SNR point can be achieved with enhanced SU-MIMO receiver.

· Observation 4: For TM4 rank 4 with 16QAM, based on 70% max throughput, reasonable performance gain can be provided, but target SNR point is not feasible.  

· Observation 5: For TM4 rank 4 with 16QAM, based on 40% max throughput, reasonable performance gain and target SNR point can be achieved.

· Observation 6: For rank 4 with 256QAM, the performance gain is relatively smaller than other test scenario due to receiver complexity issue.
From observations, we propose

· Proposal 2: reuse 2Rx SU-MIMO test cases with 4R and consider applicability rule similar as Rel-13 4RxAP WI

· Proposal 3: reuse rank 3 and 4 test cases for Rel-13 4RxAP WI

· TM3 3 layer with 64QAM under Medium A

· TM4 4 layer with 16QAM under Medium A

· TM9 4 layer with 16QAM under Medium A

· TM4 2 layer with 256QAM under Medium A

· Proposal 4: For high layer with 256QAM, RAN4 need more performance and complexity analysis for enhanced SU-MIMO receiver.
To support high layer and/or high modulation order in real field,
· Observation 7: To utilize high layer in real field, extended target SNR range is required.

· Proposal 5: RAN4 need to discuss Tx EVM for high layer and/or high modulation order.
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