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1. [bookmark: _GoBack]Introduction
In last RAN4 meeting, test set-up for Rel-15 Type II codebook still open with two options: 
· Test set-up with one UE scheduled  a.k.a SU-MIMO test set-up
· Test  set-up with co-scheduled one 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 R15 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 Type I and Type II codebook constructions under XP Medium channel correlation and 64QAM rank2. 
Overall, we observed around 1 dB gain with Type II codebook over than Type I codebook under SU-MIMO set-up.
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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. 
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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
The SNR point at 90% full throughput are summarized in the following table：
Table 1: SNR point and TP ratio in different cases for SU_MIMO Set-up
	                Test cases
Codebook Type
	FDD 16x2
	FDD 16x4
	TDD 16x2
	TDD 16x4

	Type I
	15.0dB
	8.5dB
	13.2dB
	9.1dB

	Type II
	12.6dB
	7.7dB
	11.7dB
	8.7dB



Observation 1: With SU-MIMO Set-up, we observed around 1dB performance gain with Type II compared to Type I codebook under XP medium MIMO correlation and 64QAM rank2 transmission. 
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.
2.3 Test set-up with R15 Type II codebook 
2.2.1 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: SU-MIMO 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: 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. 
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. 
2.2.2 Test parameters for SU-MIMO Test set-up
Regarding detailed test parameters for SU-MIMO, there are some of test parameters remaining open with candidate options.
	· Codebook construction
· 16Tx ports (N1,N2) = (4,2), (O1, O2) = (4,4) 
· L (numberOfBeams)
· 2
· Npsk (phaseAlphabetSize)
· 8
· SubbandAmplitude
· Option 1: False
· Option 2: True
· PMI-FormatIndicator
· Option 1: Wideband
· Option 2: Subband
· Propagation condition
· TDLA30-5
· MIMO correlation
· Option 1: XP High
· Option 2: XP Medium
· MCS and rank
· MCS 20, rank 2
· Beam steering model
· For Rel-15 Type II codebook test:
· Configure only two beams in beam steering model for Rel-15 Type II codebook test. 
· specifying beam steering model into specification:
· Reuse the agreement from Rel-16 eMIMO demod.
· Test metric
· TP ratio between following PMI and rand PMI
· Subband size
· Option 1: 4 for FDD and 8 for TDD
· Option 2: 8 for FDD and 16 for TDD
· Implementation of Random Type II PMI
· Proposal 1: A common way of doing random PMI for Type II codebook simulation might need to be agreed in order to reach sufficient randomization and meanwhile avoid uncertainty and unexpected results brought by infinite random parameters.
· Beam randomization:
· Option 1: Randomly select a beam combination from a set which include all possible beam combinations 
· Option 2: Limit the set of possible beams to the possible beams under the configuration of following PMI 
· Amplitude and phase coefficient randomization:
· Option 1: For each weighting coefficient, independently and randomly chose an amplitude quantization gear and a phase quantization gear. To at least ensure one of the weighting coefficients is quantized as the highest grade, phase quantization is 0 gear and its position at 2L is randomly generated.
· Note: The set is limited due to the limitation of quantization gears.



With narrow PMI sub-band size and larger value of Npsk, we can maximize number of candidate codebooks and number of sub-band for PMI reporting. From UE processing respective, this requires maximum UE calculation complexity and acts like a pressure test. 
We proposed:
Proposal 2-1: Type II Test parameters-codebook (SU-MIMO):  
· SubbandAmplitude: “TRUE”
· PMI-FormatIndicator:  “Subband”
· Subbandsize: “8 for FDD and 16 for TDD”
Regarding implementation of random Type II PMI, we proposed to random select from the available codebook set following the parameters configured in the test for codebook reporting and construction which actual aligned with option 1 above for Beam randomization, amplitude and phase coefficient randomization.
Proposal 2-2: Type II Test parameters-random PMI generation (SU-MIMO):  
· Random PMI generated following the codebook reporting and construction to random select from full available codebook reporting indices  (i1,i2)  (which aligned with option 1) .
Regarding Channel model XP High and XP medium, we prefer XP Medium as we observed larger performance gap among different codebook types (Rel-16 Type II, Rel-15 Type II and Rel-15 Type I).  
Proposal 2-3: Type II Test parameters-MIMO correlation (SU-MIMO):  Using XP Medium

3. Conclusion
In this contribution, simulation results for Type 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, we observed around 1dB performance difference among Type II and Type I codebook under XP medium MIMO correlation and 64QAM rank2 transmission. 
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.
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 2-1: Type II Test parameters-codebook (SU-MIMO):  
· SubbandAmplitude: “TRUE”
· PMI-FormatIndicator:  “Subband”
· Subbandsize: “8 for FDD and 16 for TDD”
Proposal 2-2: Type II Test parameters-random PMI generation (SU-MIMO):  
· Random PMI generated following the codebook reporting and construction to random select from full available codebook reporting indices  (i1,i2)  (which aligned with option 1) .
Proposal 2-3: Type II Test parameters-MIMO correlation (SU-MIMO):  Using XP Medium
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