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1. Introduction
In RAN4 #81, RAN4 continued discussion on feasibility of PDSCH demodulation performance of enhanced SU-MIMO receiver in different deployment and interference scenarios. As the outcome of online/offline discussion, WF [1] and simulation assumption [2] was agreed. In this contribution, we provide further evaluation results based on agreed WF and our view on down selection of test cases.  
2. Discussion

2.1. Rank 2 PDSCH
For rank 2 PDSCH demodulation, following scenarios were identified as feasible scenario in WF [1] and corresponding simulation assumptions were captured in simulation assumption [2]. Note that these scenarios can be considered as 4 Rx extension of Rel-12 SU-MIMO test cases for 2 Rx UE. 
· Case 1: TM4 2-layer 16QAM 1/2 ETU70 2x4 medium (8.2.1.4.2A)
· Case 2: TM9 2-layer 16QAM 1/2 EPA5   2x4 medium (8.3.1.2A)
Figure 1 shows simulation results for rank 2 PDSCH demodulation test. We can see that R-ML receiver can provide 2~3dB gain over LMMSE receiver with reasonable CINR test point. 
Proposal 1. Specify TM4 and TM9 rank 2 PDSCH demodulation tests for 4 Rx SU-MIMO receiver UE. 
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Figure 1. Rank 2 PDSCH demodulation performance
If RAN4 intorduces rank 2 PDSCH demodulation tests for 4 Rx SU-MIMO UE, we will have similar SU-MIMO tests for 2 Rx and 4 Rx UE. Following the same methodology established in Rel-13 4 Rx WI, it would be desirable to specify test applicability rule for SU-MIMO test so that 4 Rx UE that fulfills SU-MIMO test can skip corresponding 2 Rx SU-MIMO tests. 
Proposal 2. Specify test applicability rule for SU-MIMO tests so that 4 Rx UE that fulfills rank 2 4 Rx SU-MIMO tests can skip corresponding 2 Rx SU-MIMO tests.
2.2. Rank 3 PDSCH

For rank 3 PDSCH demodulation test, TM3 test for 16QAM was identified as feasible scenario for SU-MIMO demodulation test in WF [1]. However, in simulation assumption [2], TM3 test with 64QAM was captured as feasible scenario. According to our previous evaluation result in [3], TM3 rank 3 test in ULA Medium A correlation channel was promising scenario. Here, we evaluated rank 3 TM3 PDSCH demodulation performance for following scenarios. 

· Case 3-A: TM3 3-layer 16QAM 1/2 EVA70 4x4 medium-A (8.10.1.1.7)
· Case 3-B: TM3 3-layer 64QAM 0.43 EVA70 4x4 medium-A Xpol (8.10.1.1.7)
Figure 2 shows simulation results. With 16QAM in ULA medium A correlation channel, R-ML receiver can provide more than 4dB gain over LMMSE receiver while achieving 70% peak throughput around 20dB. On the other hand, with 64QAM in XPOL medium A correlation channel, R-ML and LMMSE receiver provide similar performance. 
Proposal 3. Specify TM3 rank 3 PDSCH demodulation tests with 16QAM 1/2 in ULA medium A correlation channel. 
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Figure 2. Rank 3 PDSCH demodulation performance

2.3. Rank 4 PDSCH 
For Rank 4 PDSCH, RAN4 could not identify feasible scenario to specify performance requirements. Following two scenarios were listed as scenario for further evaluation in [2] for rank 4 PDSCH. 

· TM4 16QAM 1/2 EPA5 4x4
· TM9 16QAM 0.57 EPA5 4x4
Figure 3 shows simulation results for rank 4 PDSCH demodulation tests. From the simulation results, we can observe that

· In ULA medium or ULA medium A correlation channels, demodulation of rank 4 PDSCH requires too high CINR test point

· In XPOL medium A correlation channel, performance gain of R-ML receiver over LMMSE receiver is too small to allow specification of performance requirement
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Figure 3. Rank 4 PDSCH demodulation performance

Here’s quick analysis on effective CINR of 4 layer MIMO in ULA medium A correlation channel. For 4x4 ULA antenna configuration, correlated channel can be obtained by 
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are channel correlation matrix for UE antenna and eNB antenna given by
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When 
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, per-layer CINR of 4x4 MIMO channel with 4 layer MIMO transmission is 
[image: image14.wmf]{

}

[

]

)

(

 

77

 

,

43

 

,

17

 

,

dB

SVD

H

-

-

-

=

l

l

l

l

HH

. We can see that there is large CINR difference among MIMO layers. CW1 that is mapped on layer 2 and 3 will have significantly lower CINR than CW0 mapped on layer 0 and 1 and therefore BLER for CW1 will dominate overall PDSCH demodulation performance. This seems to explain why we cannot even reach peak throughput in case of TM4 rank 4 PDSCH demodulation. 
Observation 1. In ULA Medium A correlation channel, effective CINR shows large imbalance among MIMO layers, which seems to cause BLER floor. 
3. Conclusions

In this contribution, we provided further evaluation results based on agreed WF and our view on down selection of test cases.  Our observations and proposals are 

Proposal 1. Specify TM4 and TM9 rank 2 PDSCH demodulation tests for 4 Rx SU-MIMO receiver UE. 

Proposal 2. Specify test applicability rule for SU-MIMO tests so that 4 Rx UE that fulfills rank 2 4 Rx SU-MIMO tests can skip corresponding 2 Rx SU-MIMO tests.
Proposal 3. Specify TM3 rank 3 PDSCH demodulation tests with 16QAM 1/2 in ULA medium A correlation channel. 

Observation 1. In ULA Medium A correlation channel, effective CINR shows large imbalance among MIMO layers, which seems to cause BLER floor. 
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