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1   Introduction
In RAN#73, the new WI for CRS-IM and SU-MIMO IM based on 4Rx was approved [1]. The work is divided into two stages: in the first stage the performance benefits and feasibility of using SU-MIMO IM receive for different scenarios with 4 receiver antennas UE will be investigated, and in the second stage the corresponding demodulation performance requirements will be specified. 
In this contribution, we will try to discuss and summarize the scenarios for the performance evaluation of SU-MIMO IM and provide the initial simulation parameters for each scenario.
2   Scenarios for evaluation in Stage 1
In the newly approved WID [1], the objectives for SU-MIMO IM with 4Rx are as follows:
· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs

· Stage 1: Investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receive antennas UEs.

· Investigate and agree on target scenarios including layer number for spatial multiplexing, MCS, propagation conditions and others for performance evaluation
· Reuse the assumptions for Rel-12 SU-MIMO IM (Type-C receiver) and Rel-13 4Rx MIMO performance requirements as starting point.
· SU-MIMO scenarios

· rank 2/3/4 SU-MIMO is considered

· The maximum number of layers (e.g. rank3/4) should be determined based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption and the study on performance gains, reference receiver complexity and testability, etc.

· Strive to reuse agreed Tx EVM for 4Rx in Rel-13 if the related agreement can be reached

· Consider 2 and 4 CRS APs scenarios
· Channel correlations

· Focus on the Medium, Medium A and High antenna correlation models

· Modulation order: up to 256QAM
· The considered modulation orders should be decided based on feasibility study (e.g. operating SNR), realistic Tx EVM assumption, performance gains, reference receiver complexity and testability, etc.

· Strive to reuse agreed Tx EVM for 4Rx in Rel-13 if the related agreement can be reached.

· Identify the reference receiver structure for SU-MIMO IM evaluation
· R-ML is considered in high priority
· Evaluate the performance of enhanced SU-MIMO IM receivers.

· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas

· Reference receiver structure and other test parameters are based on the outcome of Stage 1.
· Single carrier case.
According to the objectives, in stage 1 RAN4 mainly needs to evaluate the benefits and feasibility of rank3/4 transmission and/or 256QAM transmission. In Table 1 we try to summarize the scenarios for further evaluation. Totally there would be four scenarios.
Table 1: Summary of scenarios for 4Rx SU-MIMO IM receiver performance evaluation
	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-3/4
	16QAM or 64QAM
	Gain of SU-MIMO IM over MMSE; operating SNR; Tx EVM; receiver complexity

	C
	rank-2
	256QAM
	Gain; operating SNR Tx EVM; receiver complexity and testability

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


3   Detailed parameters and initial analysis
In Annex we summarize all the Type-C, 3/4-layer and 256QAM demodulation performance requirements.
3.1   Scenario A: rank-2 lower modulation order
This is a normal scenario. In [2] we provide the simulation results for four cases under this scenario as shown in Table 2. We provide the test cases and simulation parameters based on the existing 2Rx Type-C demodulation performance requirements. And we also add one test Case A-5 to verify the pre-whitening performance for 4Rx when there exists an inter-cell interference to get good test coverage.
Table 2: Simulation assumptions for rank-2 lower modulation order scenario (FDD)
	Cases 
	Descriptions 

	Case A-1 
	TM3 2-layer 10MHz 16QAM 1/2 EVA70 2x4 medium-A Xpol FDD 

	Case A-2 
	TM3 2-layer 10MHz 16QAM 1/2 EVA70 2x4 medium FDD 

	Case A-3 
	TM4 2-layer 10MHz 16QAM 1/2 EPA5   4x4 medium FDD 

	Case A-4 
	TM9 2-layer 10MHz 16QAM 1/2 ETU5   2x4 medium FDD 

	Case A-5
	TM3 2-layer 10MHz QPSK 3/5 EVA70 4x4 medium-A Xpol with TM1 interference


The simulation results are provided in Figure 1. It can be observed that the performance gain of SU-MIMO IM with 4Rx over MMSE receiver is up to 3dB.
· Observation 1: For Scenario A, i.e., rank-2 lower modulation order, up to 3dB gain of SU-MIMO IM over MMSE can be observed for 4Rx UE.
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Figure 1: Simulation results for Scenario A
For the rank-2 SU-MIMO IM, the R-ML receiver will be utilized and the complexity would be comparable to 2Rx rank-2 SU-MIMO IM receiver. Thus based on performance gain and complexity, we propose that 
· Proposal 1: Specify the rank-2 SU-MIMO IM demodulation performance requirements under 2x4 and 4x4 medium correlation channels with CRS based and DMRS based transmission modes, separately.
3.2   Scenario B: rank-3/4 lower modulation order
For Scenario B, we provide the test cases and simulation parameters based on the existing rank-3/4 demodulation performance requirements. The rationale behind is that we take tests for Scenario A, i.e., rank-2 lower modulation order, as the baseline test cases, which should be aligned with the existing 2Rx SU-MIMO IM tests and provide good test coverage for 4Rx UE, and take rank-3/4 tests as the additional requirements for further performance enhancement.
Table 3: Simulation assumptions for rank-3/4 lower modulation order scenario (FDD)
	Cases 
	Descriptions 

	Case B-1 
	TM3 3-layer 10MHz 64QAM 0.43 EVA70 4x4 medium-A Xpol FDD 

	Case B-2
	TM4 4-layer 10MHz 16QAM 1/2 EPA5 4x4 medium-A Xpol FDD

	Case B-3
	TM9 4-layer 10MHz 16QAM 0.57 EPA5 4x4 medium-A Xpol FDD


The simulation results for Case B-1 are provided in Figure 2. It can be observed that the performance gain of SU-MIMO IM with 4Rx over MMSE receiver is about 3dB at 70% relative throughput.

· Observation 2: For Scenario B rank-3 case, 3dB gain of SU-MIMO IM over MMSE can be observed for 4Rx UE.
[image: image5.emf]18 20 22 24 26 28

10

15

20

25

30

35

40

45

SNR (dB)

Throughput (Mbps)

TM3 3-layer 64QAM 0.43 EVA70 4x4 medium A

 

 

MMSE

SU-MIMO advanced receiver


Figure 2: Simulation results for Scenario B-1
But for rank-4 we need more evaluation on performance gain and operating SNR under Tx EVM specified, and we should also further discuss the complexity for UE to get the sufficient gain.
3.3   Scenario C: rank-2 256QAM
256QAM would be a good way to improve the spectrum efficiency. With the development of RF technique and increasing deployment of small cells, even 1024QAM was proposed to 3GPP for specification. Thus we can foresee that in the future higher modulation order scheme would be popular.
With 4Rx, the operating SNR for 256QAM can be significantly lowered. Thus it would be reasonable for us to view 4Rx+256QAM as very useful combination. The requirement with 256QAM+4Rx and rank-2 transmission was specified in Clause 8.10.1.1.4 of 36.101. So it is reasonable to introduce the new SU-MIMO IM requirement with 256QAM rank-2 transmission for 4R UE.
Following the logics as is for 3/4-layer test, we look at 256QAM rank-2 requirements as further enhancement. So we would like to develop the new tests mainly based on the existing 256QAM 4Rx requirement. The simulation assumption is provided in Table 4. Here we provide one CRS based test case and one DMRS based test case.
Table 4: Simulation assumptions for rank-2 256QAM scenario (FDD)
	Cases 
	Descriptions 

	Case C-1 
	TM4 2-layer 10MHz 256QAM 0.62 EPA5 4x4 medium-A Xpol FDD 

	Case C-2
	TM9 2-layer 10MHz random pre-coding 256QAM  EPA5 4x4 medium-A Xpol FDD


Although we need further investigate the performance gain and operating SNR, and study UE complexity, we think rank-2 256QAM requirement for 4Rx UE would be useful and should be introduced.
· Proposal 2: It is suggested to specify the SU-MIMO IM demodulation performance requirements with 256QAM modulation schemes for 4Rx UE, if the performance gain is justified.
3.4   Scenario D: rank-3/4 256QAM
We can expect a little higher complexity for such combination but do not have clear view on how often such combination would happen in real life. Like the other test cases, we would like first to provide the simulation assumptions for further investigate the performance gain.
In Table 5, we provide three test cases for 256QAM which are based on the proposed evaluation cases for rank-3/4 lower modulation order scenario just changing the MCS. We use a little higher coding rate for rank-3 case and a little lower coding rate for rank-4 evaluation.
Table 5: Simulation assumptions for rank-3/4 lower modulation order scenario (FDD)
	Cases 
	Descriptions 

	Case D-1 
	TM3 3-layer 10MHz 256QAM 0.62 EVA70 4x4 medium-A Xpol FDD 

	Case D-2
	TM4 4-layer 10MHz 256QAM 0.55 EPA5 4x4 medium-A Xpol FDD

	Case D-3
	TM9 4-layer 10MHz 256QAM 0.55 EPA5 4x4 medium-A Xpol FDD


Except for looking at the performance gain and complexity, we would like to have a link adaptation simulation to study the operating SNR for all the possible rank and modulation scheme combinations.
· Proposal 3: Except for fixed FRC simulation, it is proposed to have a link adaptation simulation to study the operating SNR for all the possible combinations of rank and modulation scheme.
4   Link level simulation assumptions

In Table 6~8, we provide the simulation parameters for further study of the performance of 4Rx SU-MIMO IM under different scenarios.
Table 6: Common Test Parameters (FDD)

	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM and 256QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2 for 10 MHz

	Precoder update granularity for TM9
	
	Frequency domain: 1 PRG for Transmission modes 9 and 10

Time domain: 1 ms

	Cyclic Prefix
	
	Normal

	Cell_ID
	
	0

	Cross carrier scheduling
	
	Not configured

	Tx EVM
	
	6% for 16QAM and 64QAM; 

3% for 256QAM

	Reference receiver
	
	R-ML


Table 7: Evaluation cases and detailed parameters fixed FRC (FDD)
	Cases
	Descriptions of other parameters

	Scenario A: rank-2 lower MCS
	Case A-1 
	TM3 2-layer 10MHz 16QAM 1/2 EVA70 2x4 medium-A Xpol FDD 

	
	Case A-2 
	TM3 2-layer 10MHz 16QAM 1/2 EVA70 2x4 medium FDD 

	
	Case A-3 
	TM4 2-layer 10MHz 16QAM 1/2 EPA5   4x4 medium FDD 

	
	Case A-4 
	TM9 2-layer 10MHz 16QAM 1/2 ETU5   2x4 medium FDD 

	
	Case A-5
	TM3 2-layer 10MHz QPSK 3/5 EVA70 4x4 medium-A with TM1 interference

	Scenario B: rank-3/4 lower MCS
	Case B-1 
	TM3 3-layer 10MHz 64QAM 0.43 EVA70 4x4 medium-A Xpol FDD 

	
	Case B-2
	TM4 4-layer 10MHz 16QAM 1/2 EPA5 4x4 medium-A Xpol FDD

	
	Case B-3
	TM9 4-layer 10MHz 16QAM 0.57 EPA5 4x4 medium-A Xpol FDD

	Scenario C: rank-2 256QAM
	Case C-1 
	TM4 2-layer 10MHz 256QAM 0.62 EPA5 4x4 medium-A Xpol FDD 

	
	Case C-2
	TM9 2-layer 10MHz random pre-coding 256QAM  EPA5 4x4 medium-A Xpol 

	Scenario D: rank-3/4 256QAM
	Case D-1 
	TM3 3-layer 10MHz 256QAM 0.62 EVA70 4x4 medium-A Xpol FDD 

	
	Case D-2
	TM4 4-layer 10MHz 256QAM 0.55 EPA5 4x4 medium-A Xpol FDD

	
	Case D-3
	TM9 4-layer 10MHz 256QAM 0.55 EPA5 4x4 medium-A Xpol FDD


Table 8: Evaluation cases and detailed parameters link adaptation (FDD)
	Cases
	Descriptions of other parameters

	Link adaptation
	Case E-1 
	TM3 10MHz EVA70 4x4 medium-A Xpol with rank and CSI adaptation and assuming support of 256QAM

	
	Case E-2
	TM4 10MHz 4x4 medium-A Xpol with rank and CSI adaptation and assuming support of 256QAM


5   Conclusion
In this contribution, we trigger the performance evaluation of 4Rx SU-MIMO IM and provide the initial simulation parameters. Our observations and proposals are summarized as follows.
· Observation 1: For Scenario A, i.e., rank-2 lower modulation order, up to 3dB gain of SU-MIMO IM over MMSE can be observed for 4Rx UE.
· Observation 2: For Scenario B rank-3 case, 3dB gain of SU-MIMO IM over MMSE can be observed for 4Rx UE.

· Proposal 1: Specify the rank-2 SU-MIMO IM demodulation performance requirements under 2x4 and 4x4 medium correlation channels with CRS based and DMRS based transmission modes, separately.
· Proposal 2: It is suggested to specify the SU-MIMO IM demodulation performance requirements with 256QAM modulation schemes for 4Rx UE, if the performance gain is justified.
· Proposal 3: Except for fixed FRC simulation, it is proposed to have a link adaptation simulation to study the operating SNR for all the possible combinations of rank and modulation scheme.
The simulation assumptions are provided in section 4.
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7   Annex: Related existing demodulation performance requirements

7.1   2Rx Type-C demodulation performance requirements

In Table A-1, we summarize all the 2Rx Type-C demodulation performance requirements.
Table A-1: Summary of 2Rx Type-C demodulation performance requirements (FDD)
	Num.
	Descriptions
	Sub-clause number

	1
	PDSCH TM3 rank-2 10MHz 16QAM 1/2 EVA70 2x2 Medium
	8.2.1.3.1B

	2
	PDSCH TM3 rank-2 10MHz QPSK 3/5 EVA70 2x2 Medium with TM1 interference
	8.2.1.3.1C

	3
	PDSCH TM4 rank-2 10MHz 16QAM 1/2 PUSCH 3-1 CSI feedback ETU70 2x2 Medium
	8.2.1.4.2A

	4
	PDSCH TM9 rank-2 10MHz random precoding 16QAM 1/2 EPA5 2x2 Medium
	8.3.2.2A


7.2   Rank3/4 PDSCH demodulation performance requirements
In Table A-2, we summarize all the rank3/4 demodulation performance requirements
Table A-2: Summary of rank3/4 demodulation performance requirements (FDD)
	Num.
	Descriptions
	Sub-clause number

	1
	PDSCH TM3 rank-3 10MHz 64QAM 0.43 (R.73 FDD) EVA70 4x4 Low
	8.10.1.1.7

	2
	PDSCH TM4 rank-4 10MHz 16QAM 1/2 (R.74 FDD) EPA5 4x4 Low
	8.10.1.1.8

	3
	PDSCH TM9 rank-4 10MHz 16QAM 0.57 (R.75 FDD) EPA5 4x4 Low
	8.10.1.1.9

	4
	SDR TM3 tests 4x4 
	8.7


7.3   256QAM PDSCH demodulation performance requirements
In Table A-3, we summarize all the 256QAM demodulation performance requirements

Table A-2: Summary of rank3/4 demodulation performance requirements (FDD)
	Num.
	Descriptions
	Sub-clause number

	1
	PDSCH TM4 rank-2 10MHz 256QAM 0.55  (R. 65  FDD) EVA5 2x2 Low
	8.2.1.4.2

	2
	PDSCH TM9 rank-1 10MHz 256QAM 0.77 (R.66 FDD) EPA5 2x2 Low
	8.3.1.1

	3
	PDSCH TM4 rank-2 10MHz 256QAM 0.62 (R.72 FDD) EPA5 4x4 Low
	8.10.1.1.4

	4
	SDR 256QAM test
	8.7

















































































































































































































































































































