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1. Introduction
Based on the discussion in previous RAN4 E-meetings, overall impact on performance requirements for Rel-16 eMIMO features as summarized below:
	Sub-items
	BS Demod 
	UE Performance

	
	
	UE Demod
	CSI

	Item 1: CSI enhancement for MU-MIMO
	No
	NO
	Yes

	Item 2: Multi-TRP/Panel transmission
	Single DCI based transmission (eMBB)
	No
	Yes
	No

	
	Multi-DCI based transmission (eMBB)
	No
	Yes
	No

	
	Single DCI based transmission schemes for URLLC
	No
	FFS
	No

	Item3:Beam management enhancement
	Item3a: L1-SINR measurement
	No
	No
	No

	
	Item3b: BFR for Scell
	No
	No
	No

	
	Item3c: DL/UL beam indication with reduced latency and overhead
	No
	No
	No

	Item4: Full TX power UL transmission
	No
	No
	No

	Item5: Low PAPR RS
	NO
	NO
	No


In this contribution, we further provided test case design for PMI test case with R16 Type II codebook as agreed in WF [1].
2. Discussion
2.1 SU-MIMO test set-up vs. MU-MIMO test set-up
In last RAN4 meeting, two candidate test set-up discussed:
	· Test setup:
· Option 1: Only use SU-MIMO test setup, i.e., one tested UE
· Option 2: MU-MIMO based test setup,  i.e., one tested UE + one co-scheduled UE (generated by TE)
· The baseline receiver assumption is UE without interference cancellation capability with/without co-scheduled UE.
· Under the baseline UE receiver assumption, the PMI calculation processing will not change with and without co-scheduled UE.
· TE vendors are encouraged to provide feedback for the test feasibility of MU-MIMO test setup. 
· Proponents for each option need to provide technical analysis for how the test set-up can guarantee UE PMI reporting requirements with enhanced type II codebook for its intended purpose.



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. 
Based on above analysis, we proposed below candidate approach to conclude the work in Rel-16:
Proposal 1: Introducing R16 Type II codebook PMI requirements with MU-MIMO Set-up only if RAN4 can reach consensus on test feasibility and detailed test set-up for MU-MIMO set-up in RAN4#96e; otherwise, introducing Type II codebook PMI requirements in Rel-16 with SU-MIMO Set-up and further evaluate and introducing Type II codebook PMI requirements with MU-MIMO set-up in future release.
2.2 Generic Test Parameters
In last RAN4 meeting, two candidate test-up “SU-MIMO vs MU-MIMO” were discussed. There are some detailed test parameters which should be common irrespective SU-MIMO or MU-MIMO set-up still undecided with candidate options. 
Issue 1: Number of Tx ports
	· Number of CSI-RS ports:
· Option 1: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4) as baseline
· Option 2 : 32 ports with (N1,N2) = (4,4) and (O1,O2)=(4,4)


Regarding number of Tx ports, 4 ~ 32 ports can be supported for Type II codebook. NR Rel-15 Type II codebook and Rel-16 advanced Type II codebook are the extension of LTE Rel-14 advanced codebook which they share similar codebook structure. It’s better we can align the number of Tx ports with PMI test case of LTE eFD-MIMO advanced codebook to provide comparable performance. In LTE Rel-14 eFD-MIMO WI, 16 tx ports was used for PMI test case with advanced codebook. 
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Figure 1:  RAN4 roadmap of MIMO PMI test cases
The test complexity especially the number of required individual MIMO channel faders also needs to be considered when we decide number of Tx ports：


In table 1 below, we summarized number of independent MIMO faders required for different PMI test cases for LTE and on-going Rel-16 eMIMO WI and performance enhancement WI. Compared to LTE, number of faders increased by 2/4 times pending on the decision of the number of Tx ports we selected.
Table 1: Summary of number of MIMO faders under PMI test cases
	Item 
	Rel-13 FD-MIMO
	Rel-14 eFD-MIMO
	Rel-15 NR 
	Rel-16 performance enhancement WI 
	Rel-16 eMIMO WI 

	Test cases
	32x2 Class A PMI test cases
	16x2 Advanced codebook PMI test case with 2 beams
	8x4 Type I PMI test case
	32x4 Type 1 PMI test case
16x4/32x4 Type II codebook  with L=2 beams
	16x4/32x4 Type II codebook  with 2 beams modeling 

	Required maximum MIMO faders 
	64 faders
	64 faders
	32 faders
	128 faders for Type I
128/256 faders for Type II 
	128/256 faders



With above analysis, we proposed to 
Proposal 2-Number of ports: introduce Rel-16 Type II codebook PMI test cases with 16 Tx ports considering test complexity and test coverage.  
Issue 2: Number of PMI Sub-bands per CQI Sub-band
	· Number of PMI Sub-bands per CQI Sub-band
· Option 1: R = 1 as baseline
· Option 2: R = 2


For number of PMI sub-bands perCQI band, based on on-going discussion on RAN1 UE feature list, “Support of PMI sub-bands with R=2” is a separate option feature. In order to ensure test coverage, we propose to configure PMI sub-bands with R=1.
Proposal 3- Number of PMI sub-bands per CQI band: R =1 considering supporting R=2 is a separate optional feature.
Issue 3: paramCombination-r16 and sub-band size
	· Codebook parameter configuration 
· Option 1: paramCombination-r16: 6, with L =4, pν =1/2, β=1/2 as baseline
· Other options not precluded
· Sub-band Size:
· Option 1:
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
· Option 2:
· 8 for FDD with 15kHz SCS, 10MHz CBW
· 16 for TDD with 30kHz SCS, 40MHz CBW


The codebook parameter “paramCombination-r16” consists of L (number of beams), pν (compression factor in frequency domain), β (compression factor in spatial domain). 
Based on our evaluation results as show in figure below, we observed more performance gap with advance Type II codebook compared to Rel-15 Type II codebook, Rel-15 Type Single-Panel codebook with paramCombination-r16: 6. 
Regarding sub-band size, one advantage of R16 Type II codebook was supporting narrower PMI sub-band granularity with compression codebook feedback in frequency domain to develop frequency diversity gain.
Furthermore, with paramCombination-r16: 6 and narrow PMI sub-band size, 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.
As show in below figure, the performance of enhanced type II CSI with “paraCombination-r16=6” has dominant advantage than “paraCombination-r16=2” due to the feedback overhead increase.
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Figure 2 from [2]: Throughput performance for 16x2 rank2 under XP Medium correlation channel
Proposal 4-codebook parameter: using below configuration
· ParamCombination-r16: 6, with L =4, pν =1/2, β=1/2.
· Sub-band Size:
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
Issue 4: Beam-steering model 
	· Beam-Steering Model
· Configure only two beams in beam steering model for Rel-16 Type II test cases.
· FFS how to specify beam steering model into specification. 
· Option 1: Same as specified in B.2.3B.4A of TS 36.101
· Option 2: Specify using generic number of beams.


For beam-steering model, we propose to introduce a generic beam steering model into specification which the number of beams configurable.  With this generic beam steering approach, it can be applied for PMI test cases with different codebook types i.e. single beam direction (Type I codebook), dual beam directions (Rel-15 Type II  codebook)  and multi-beam directions (Rel-16 Type II codebook) in a future proof manner.
The multi-beam steering approach as specified in B.2.3B.4A of TS 36.101 can be used as starting point to further extend applied for L beams: 


· 
 beam index
· 
， relative power of the l beam compared to first beam
· 

, total power scaling factor 
For simplicity, the power of beams can be fixed as equivalent to first beams then beam steering model can as follow


Proposal5-Beam steering: Introduce a generic beam steering model into specification in a future proof manner which the number of beams configurable.

2.3 Other parameters for SU-MIMO Test set-up
Regarding channel model and MIMO correlation, below options agreed in last RAN4 meeting:
	· Channel Model
· TDLA30-5 as baseline
· Other options not precluded
· MIMO Correlation
· Option 1: XP High
· Option 2: XP Medium
· Down-select to one option based on simulation results in the next meeting
· MCS and Rank 
· MCS 20 (64QAM Table), Rank 2 as baseline
· Other options not precluded


Based on the evaluation results in Annex, there are more performance difference among Rel-16 Type II codebook, Rel-15 Type II and Rel-15 Type I codebook under XP medium correlation compared to XP high correlation.  
Proposal 6-Propagation condition: Introduce test case with MIMO correlation -XP Medium and TDLA30-5
Proposal 7-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.
2.4 Other test parameters for MU-MIMO test set-up
To be updated 
3. Conclusion
In this contribution, test case design for PMI test cases with enhanced Type II codebook provided.
SU-MIMO VS MU-MIMO Set-up
Proposal 1: Introducing R16 Type II codebook PMI requirements with MU-MIMO Set-up only if RAN4 can reach consensus on test feasibility and detailed test set-up for MU-MIMO set-up in RAN4#96e; otherwise, introducing Type II codebook PMI requirements in Rel-16 with SU-MIMO Set-up and further evaluate and introducing Type II codebook PMI requirements with MU-MIMO set-up in future release.
Generic Test parameters:
Proposal 2-Number of ports: introduce Rel-16 Type II codebook PMI test cases with 16 Tx ports considering test complexity and test coverage.  
Proposal 3- Number of PMI sub-bands per CQI band: R =1 considering supporting R=2 is a separate optional feature.
Proposal 4-codebook parameter: using below configuration
· ParamCombination-r16: 6, with L =4, pν =1/2, β=1/2.
· Sub-band Size:
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
Proposal 5-Beam steering: Introduce a generic beam steering model into specification in a future proof manner which the number of beams configurable.
Specific configuration for SU-MIMO Set-up
Proposal 6-Propagation condition: Introduce test case with MIMO correlation -XP Medium and TDLA30-5
Proposal 7-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.

Reference
[1] R4-2008816	WF for PMI test case with Rel-16 Type II codebook, Qualcomm
[2] R4-2006317, “Simulation results for PMI test cases with Rel-16 Type II codebook”, Samsung
Annex
Based on the agreed simulation assumption in [1], simulation results with SU-MIMO set-up and MU-MIMO set-up were provided below.
For comparison, we evaluated performance with 3 types of codebook: Rel-16 Type II codebook, Rel-15 Type II codebook, Rel-15 Type I codebook. 
[bookmark: _GoBack]SU-MIMO results
FR1 FDD mode
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Figure A-1: FDD 16x2 XP High Throughput vs SNR
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Figure A-2: FDD 16x2 XP Medium Throughput vs SNR
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Figure A-3: TDD 16x2 XP High Throughput vs SNR
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Figure A-4: TDD 16x2 XP Medium Throughput vs. SNR
MU-MIMO results
To be updated 
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