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1. Introduction
In last RAN4 meeting, test set-up for Rel-16 Type II codebook still open with two options: 
· Test set-up with one target UE scheduled  a.k.a SU-MIMO test set-up
· Test set-up with co-scheduled interference UE a.k.a MU-MIMO  set-up
In this contribution, simulation results for both options were evaluated and views on test set-up were provided. 
2. Simulation results and discussion
2.1 Simulation results for R16 Type II codebook 
2.1.1 Results for SU-MIMO Set-up
In following figures, we evaluated performance under following PMI and random PMI with Rel-15 Type I, Rel-15 Type II and Rek-16 enhanced Type II codebook constructions under XP Medium channel correlation and 64QAM rank2. 
Overall, we observed enough performance gap with Rel-16 enhanced Type II codebook over than Rel-15 Type II , Rel-15 Type I codebook under SU-MIMO set-up.
The SNR point at 90% full throughput and the TP ratio are summarized in the following table：
Table 1: SNR point and TP ratio in different cases
	                Test cases
Codebook Type
	FDD 16x2
	FDD 16x4
	TDD 16x2
	TDD 16x4

	Type I
	15.0dB/2.78
	8.5dB/3.01
	13.2dB/2.83
	9.1dB/4.12

	Rel-15 Type II
	12.6dB/2.90
	7.7dB/3.05
	11.7dB/2.97
	8.7dB/2.91

	Rel-16 Enhanced Type II
	6.3dB/65.8
	1.8dB/192
	5.8dB/193
	3.2dB/---



· FDD
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Fig.1 Throughput performance of FDD 16x2
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Fig.2 Throughput performance of FDD 16x4
· TDD
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Fig.3 Throughput performance of TDD 16x2
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Fig.4 Throughput performance of TDD 16x4
2.2.2 Results for MU-MIMO Set-up
For MU-MIMO, following precoder generation as the agreed WF [1] with two candidate options for the generation of PMI of co-scheduled UE) 
	· How to generate Xb (channel for co-scheduled UE)
· Option 1: Random PMI                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
· Option 2: Fixed PMI 
· The PMI is generated once at the start of the simulation and kept in memory to be used in the ZF precoder algorithm when a new PMI from DUT is reported.



For Fixed PMI, we fixed PMI as first beam with beam direction (0,0), phase coefficient for other beams as 1/sqrt(2), and phase coefficient index as 0 (no phase difference).
For MCS, we evaluated MCS7 (QPSK), MCS 13 (16QAM) rank1 transmission. 
[image: ]
[image: ]
[image: ]
Based on our evaluation results, it’s not feasible to introduce performance requirements with current agreed MU-MIMO test set-up.  The performance with Type II /Enhanced Type II codebook even worse than with Type I codebook. 
2.2 Summary

From the above summary, we observe that:
Observation 1: With SU-MIMO set-up, the Rel-16 Enhanced Type II could achieve significant gain over Rel-15 Type II and Rel-15 Type I codebook with following PMI.
· The Rel-16 Enhanced Type II could achieve about 5~6dB gain over Type II codebook, while achieve around 8dB gain over Type I case.
· It’s feasible to using SU-MIMO set-up to discriminate UE behaviour to ensure UE report Rel-16 Type II codebook other than Rel-15 Type II or Rel-15 Type I codebook.
Observation 2: With MU-MIMO Set-up, the performance of Type II codebook even worse than Type I codebook based on the agreed test parameters.
Observation 3: With SU-MIMO set-up, the throughput ratio among following PMI and random under Rel-16 Type II codebook is quite huge at 90% relative throughput. 
2.3 Test set-up with R16 Type II codebook 
SU-MIMO vs MU-MIMO
In last RAN4 meeting, two candidate test-up “SU-MIMO vs MU-MIMO” were discussed. Both of them above test set-up have pros and cons as summarized below:
· Option 1: Test set-up with one target UE scheduled  a.k.a SU-MIMO test set-up
· Pros: Widely used in existing LTE and NR PMI test cases, the feasibility already been verified; proceed the work quickly since RAN4 has lot of experience
· Cons: not close to the real network scenario of scheduling  Type II codebook, not reflect the advantage of   Type II codebook over than Type I codebook under Multi-user co-scheduling scenario
· Option 2: Test set-up with co-scheduled interference UE a.k.a MU-MIMO  set-up
· Pros: Close to type II codebook usage scenario
· Cons: More complexity, the detailed test set-up still unclear and the feasibility from performance requirements and test aspect need to be further confirmed; bring uncertainty of completing Type II codebook test cases in Rel-16 timeframe
The purpose of this test case was to verify UE reporting accuracy of Type II codebook, and either MU-MIMO or SU-MIMO set-up can serve such test purpose. The detailed schedule of Type II is up to network scheduling. There is no restriction of Type II codebook usage scenario no matter SU-MIMO or MU-MIMO set-up agreed in RAN4. 
Furthermore, based on our evaluation results, it's not feasible to introduce performance requirements under agreed MU-MIMO set-up .  There are many uncertainties need to be further evaluated/studied for MU-MIMO scenario before RAN4 start to define proper performance requirements i.e. receiver assumption, co-scheduled UE generation, test feasibility.  With these uncertainties, it’s not realistic to introduce requirements under MU-MIMO in Rel-16 timeframe. Meanwhile we also realized that evaluation performance on MU-MIMO performance was one of the work objectives in approved Rel-17 performance enhancement WI. 
Also based on our simulation results, with agreed test set-up for SU-MIMO, we observed larger performance gap with Rel-16 enhanced Type II codebook compared to Rel-15 Type II and Rel-15 Type I codebook. It’s feasible to using SU-MIMO set-up to discriminate UE behaviour to ensure UE report Rel-16 Type II codebook other than Rel-15 Type II or Rel-15 Type I codebook.
Based on above analysis, we proposed to conclude the work in Rel-16:
Proposal1: Overall Test set-up:
· Introduce Rel-15 Type II PMI test cases under SU-MIMO test set-up in Rel-16 timeframe.
· Further study and define proper performance requirements if needed under MU-MIMO scenarios in Rel-17 performance enhancement WI. 
Reference test point and test requirement
Based on our evaluation results, the throughput ratio among following PMI and random under Rel-16 Type II codebook is quite huge at 90% relative throughput under SU-MIMO set-up. And such test point may be not feasible to introduce performance requirements.  The major reason for such high TP ratio was the absolute throughput with random PMI under Rel-16 Type II extreme low especially under low SNR region.
In order to achieve feasible test point and requirements, below candidate option can be considered: using 95 % relative TP as test point. Meanwhile for the implementation of random PMI, we can consider to restrict random PMI follow Rel-15 Type I codebook which also a subset of Rel-16 Type II codebook.

Proposal 2:  In order to achieve test point and test requirements under SU-MIMO test set-up:
· Using 95% relative throughput with following PMI as test point
· Restrict random PMI to random selected within Rel-15 Type I codebook set 
Table 2: SNR point and TP ratio in different cases under SU-MIMO 
	                Test cases
Codebook Type
	FDD 16x2
	FDD 16x4
	TDD 16x2
	TDD 16x4

	Rel-16 Enhanced Type II
(90% relative TP, full set of Rel-16 Type II codebook for random PMI)
	6.3dB/65.8
	1.8dB/192
	5.8dB/193
	3.2dB/---

	Rel-16 Enhanced Type II
(95% relative TP, Restricted set within Rel-15 Type I codebook for random PMI)
	7.7 dB/10
	2.8 dB/10
	7.1dB/15
	5.5dB/6



3. Conclusion
In this contribution, simulation results for Rel-16 Type II, Rel-15Type II and Type I codebook were provided based agreed candidate test set-up (SU-MIMO and MU-MIMO).
Observation 1: With SU-MIMO set-up, the Rel-16 Enhanced Type II could achieve significant gain over Rel-15 Type II and Rel-15 Type I codebook with following PMI.
· The Rel-16 Enhanced Type II could achieve about 5~6dB gain over Type II codebook, while achieve around 8dB gain over Type I case.
· It’s feasible to using SU-MIMO set-up to discriminate UE behaviour to ensure UE report Rel-16 Type II codebook other than Rel-15 Type II or Rel-15 Type I codebook.
Observation 2: With MU-MIMO Set-up, the performance of Type II codebook even worse than Type I codebook based on the agreed test parameters.
Observation 3: With SU-MIMO set-up, the throughput ratio among following PMI and random under Rel-16 Type II codebook is quite huge at 90% relative throughput. 
Furthermore, following proposals given for remaining open issues:
Proposal1: Overall Test set-up:
· Introduce Rel-15 Type II PMI test cases under SU-MIMO test set-up in Rel-16 timeframe.
· Further study and define proper performance requirements if needed under MU-MIMO scenarios in Rel-17 performance enhancement WI. 
Proposal 2:  In order to achieve test point and test requirements under SU-MIMO test set-up:
· Using 95% relative throughput with following PMI as test point
· Restrict random PMI to random selected within Rel-15 Type I codebook set 
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