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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
	FFS
	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 detailed test case design for PMI test cases with Rel-16 advanced Type II codebook based on the agreed WF in [1].
2. Discussion
Issue 1:  Test Set-up
	· Test setup:
· Option 1: Use SU-MIMO test setup as baseline scenario
· Option 2: MU-MIMO test setup
· Option 2a: if needed, discuss under TEI-15


In our view, RAN4 has never introduced PMI test cases with MU-MIMO test set-up in the past. And it’s still unclear what’s the detailed test set-up with MU-MIMO set-up and the test feasibility of such test set-up also FFS.  From UE processing aspect, there is no UE processing difference among SU-MIMO and MU-MIMO test set-up. The SU-MIMO test set-up is more straightforward and has been widely used and verified the feasibility in past release quite well. 
With above considerations, we proposed to:
Proposal 1: Use SU-MIMO test setup to introduce test case under eMIMO WI.


Issue 2: Number of Tx ports 
	· Option 1: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4)
· 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 4/8 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 L= 4beams

	Required maximum MIMO faders 
	64 faders
	64 faders
	32 faders
	128 faders for Type I
128/256 faders for Type II 
	256/512 faders


  
With above analysis, we proposed to 
Proposal 2: introduce Rel-16 Type II codebook PMI test cases with 16 Tx ports considering test complexity and test coverage.  
Issue 3: Rel-16 Type II codebook construction 
Rel-16 Type II codebook construction consists of below parameters:
· n1-n2-codebookSubsetRestriction-r16 : (N1,N2), (O1, O2), PCSI_RS
· numberOfPMISubbandsPerCQISubband: R =1 or 2
· paramCombination-r16:L,  and 
· L: number of beams
· : compression factor in spatial domain 
· : compression factor in frequency domain
[bookmark: _Ref21610708]Table 5.2.2.2.5-1: Codebook parameter configurations for   and 
	paramCombination-r16
	
	
	

	
	
	
	
	

	1
	2
	¼ 
	1/8 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8
	¼ 

	4
	4
	¼ 
	1/8
	½ 

	5
	4
	¼ 
	¼ 
	¾

	6
	4
	½ 
	¼ 
	½ 

	7
	6
	¼ 
	- 
	½ 

	8
	6
	¼ 
	-
	¾ 



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 UE sub-feature. In order to ensure test coverage, we propose to configure PMI sub-bands with R=1.
Regarding paramCombination-r16, we recommend to take value 6, with this configuration, we can maximize number of candidate codebooks. From UE processing respective, this requires maximum UE calculation complexity and acts like a pressure test.
Also based on my initial evaluation results in [3], we observed more performance gap with advance Type II codebook compared to Rel-15 Type II codebook, Rel-15 Type Single-Panel codebook. 
Proposal 2-codebook construction: Introduce PMI test cases with enhanced Type II codebook with below parameters:
· Number of CSI-RS ports: 16 ports with (N1,N2) = (4,2) and (O1, O2)  = (4,4)
· numberOfPMISubbandsPerCQISubband: R =1
· paramCombination-r16: 6, with L =4, pv =1/2, 
Issue 4: Beam-steering model 
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


Proposal 3-Beam steering: Introduce a generic beam steering model into specification in a future proof manner which the number of beams configurable.
Propagation condition, Test Metric & MCS and Rank
Regarding test metric 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 initial evaluation results in our companion paper [3], 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.  For test metric, we observed that it’s feasible to introduce proper test requirements under XP medium correlation channel with legacy test metric “relative throughput ratio between following PMI and random PMI”.
Proposal 4-Propagation condition: Introduce test case with MIMO correlation -XP Medium (option2).
Proposal 5-Test metric: It's feasible to introduce test case with test metric - relative throughput ratio among following PMI and random PMI 
Proposal 6-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.
3. Conclusion
In this contribution, test case design for PMI test cases with enhanced Type II codebook provided.
Proposal 1: Use SU-MIMO test setup to introduce test case under eMIMO WI.
Proposal 2-codebook construction: Introduce PMI test cases with enhanced Type II codebook with below parameters:
· Number of CSI-RS ports: 16 ports with (N1,N2) = (4,2) and (O1, O2)  = (4,4)
· numberOfPMISubbandsPerCQISubband: R =1
· paramCombination-r16: 6, with L =4, pv =1/2, 

Proposal 3-Beam steering: Introduce a generic beam steering model into specification in a future proof manner which the number of beams configurable: 
· 
 beam index
· 
， relative power of the l beam compared to first beam
· 

, total power scaling factor 
Proposal 4-Propagation condition: Introduce test case with MIMO correlation -XP Medium (option2).
Proposal 5-Test metric: It's feasible to introduce test case with test metric - relative throughput ratio among following PMI and random PMI 
Proposal 6-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.
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	16-3a
	Regular eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
2. Support of parameter combinations  1-6
3. Support of rank 1,2
4. FFS: CBSR with hard amplitude restriction

	16-3a-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=2

	16-3a-2
	Support of parameter combinations 7-8
	Support of parameter combinations 7-8

	16-3a-3
	Support of rank 3,4
	Support of rank 3,4

	16-3a-4
	CBSR
	ALT 1) CBSR with soft amplitude restriction (capture consequence if not supported  hard amplitude restriction is supported)
ALT 2) CBSR

	16-3b
	Port selection eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1
2. 6 parameter combinations (combos with L=6 don’t apply) 
3. Support of rank 1,2

	16-3b-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=2

	16-3b-2
	Support of rank 3,4
	Support of rank 3,4
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