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1. Introduction
Initial discussion on Rel-16 NR e-MIMO performance requirements was trigged in last RAN4 meeting, and the overall performance impact was summarized in below table following the agreements in [1]:
	Sub-items
	BS Demod 
	UE Performance

	
	
	UE Demod
	CSI

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

	Item 2: Multi-TRP/Panel transmission
	No
	Yes
	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
	FFS
	FFS
	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 [2].
2. Discussion
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)
· Option 3: 4 ports with (N1,N2) = (2,1) and (O1, O2)=(4,1)


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 introduce Rel-16 Type II codebook PMI test cases with 16 Tx ports. 
Rel-16 Type II codebook construction 
Rel-16 Type II  Precoders for a layer is given by size-matrix 
·  #SD dimensions
·  #FD dimensions
· Precoder normalization: the precoding matrix for given rank and unit of  is normalized to norm 1/sqrt(rank) 
	1. Spatial domain (SD) compression
·  spatial domain basis vectors (mapped to the two polarizations, so  in total) selected
· Compression in spatial domain using  , where  are orthogonal DFT vectors (same as Rel. 15 Type II)
2. Frequency-domain (FD) compression
· Compression via , where  are  size- orthogonal DFT vectors 
· Number of FD-components  is configurable
3. Linear combination by   (for a layer)
·   is composed of linear combination coefficients



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
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	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, we suggest to take R =2. 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.
Proposal 1-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 =2
· paramCombination-r16: 6, with L =4, pv =1/2, 
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 2-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
· Option 1: TDLA30-5
· Other options not precluded
· MIMO Correlation
· Option 1: XP High
· Option 2: XP Medium
· Other options not precluded
· Test Metric
· Option 1: Relative Throughput ratio between following PMI and random PMI
· Option 2: Relative Throughput ratio with following PMI between enhanced Type II codebook and Rel-15 Type II codebook
· Option 3: Same test metric as in LTE for advanced CSI requirements
· 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 3-Propagation condition: Introduce test case with MIMO correlation -XP Medium (option2).
Proposal 4-Test metric: It's feasible to introduce test case with test metric - relative throughput ratio among following PMI and random PMI (option 1).
Proposal 5-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.
Other test parameters
For other test parameters, we can reuse test parameters from Rel-15 NR PMI test cases as starting points.
Proposal 6-other test parameters: Reuse test parameters from Rel-15 NR PMI test cases as starting points as summarized below tables:
	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4/16/32

	
	CDM Type
	
	FD-CDM2 for 4 ports/
CDM4 (FD2, TD2) for 16/32 ports

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 4, (0,-) for 4 ports/
 Row 12, (2, 4, 6, 8) for 16 ports/
Row 17, (2, 4, 6, 8) for 32 ports

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-) for 4 ports/
 (5,-) for 16 ports/
(5,12)) for 32 ports

	
	CSI-RS
interval and offset
	slot
	5/1 for FDD, 10/1 for TDD

	
	aperiodicTriggeringOffset
	
	0

	Codebook configuration
	Codebook Type
	
	typeII-r16

	
	paramCombination-r16
	
	Option 1: 6 with L =4, pν =1/2, β=1/2

	
	numberOfPMISubbandsPerCQISubband
	
	Option 1: R = 1
Option 2: R = 2

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,1) for 4 ports/
(4,2) for 16 ports/
(4,4) for 32 ports

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1) for 4 ports/
(4,4) for 16/32 ports

	
	n1-n2-codebookSubsetRestriction-r16
	
	FFS

	
	typeII-RI-Restriction-r16
	
	FFS

	CSI-RS resource/CSI reporting interval and slot offset
	slot
	FR1 FDD 15 kHz: 5/1
FR1 TDD 30 kHz: 10/1

	Minimum CSI delay
	ms
	8 ms (8 slots) for FDD
6.5 ms (13 slots) for TDD



3. Conclusion
In this contribution, test case design for PMI test cases with enhanced Type II codebook provided.
Proposal 1-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 =2
· paramCombination-r16: 6, with L =4, pv =1/2, 

Proposal 2-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 3-Propagation condition: Introduce test case with MIMO correlation -XP Medium (option2).
Proposal 4-Test metric: It's feasible to introduce test case with test metric - relative throughput ratio among following PMI and random PMI (option 1).
Proposal 6-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.
A detailed simulation assumption was also provided in annex for reference.
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5. Annex 
Simulation assumption for FR1 FDD Mode
FDD
	Parameter
	Unit
	Test FDD 2Rx
	Test FDD 4Rx

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	Option 1: TDLA30-5 as baseline

	Antenna configuration
	
	TBD (Medium or High) XP 
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)
Option 3: 4 ports with (N1,N2) = (2,1) and (O1, O2)=(4,1)

	Beamforming Model
	
	

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	5/1

	
	ZP CSI-RS trigger
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	TBD 4/16/32

	
	CDM Type
	
	FD-CDM2 for 4 ports/
CDM4 (FD2, TD2) for 16/32 ports

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 4, (0,-) for 4 ports/
 Row 12, (2, 4, 6, 8) for 16 ports/
Row 17, (2, 4, 6, 8) for 32 ports

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-) for 4 ports/
 (5,-) for 16 ports/
(5,12)) for 32 ports

	
	CSI-RS
interval and offset
	slot
	5/1

	
	aperiodicTriggeringOffset
	
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	5/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	FFS

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	1111111

	CSI-Report interval and offset
	slot
	5/1

	Aperiodic Report Slot Offset
	
	5

	CSI request
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeII-r16

	
	paramCombination-r16
	
	Option 1: 6 with L =4, pν =1/2, β=1/2

	
	numberOfPMISubbandsPerCQISubband
	
	Option 1: R = 1
Option 2: R = 2

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,1) for 4 ports/
(4,2) for 16 ports/
(4,4) for 32 ports

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1) for 4 ports/
(4,4) for 16/32 ports

	
	n1-n2-codebookSubsetRestriction-r16
	
	FFS

	
	typeII-RI-Restriction-r16
	
	FFS

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	Option 1: MCS 20 FDD 

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (1 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-4), this reported PMI cannot be applied at the gNB downlink before slot#(n+4).
Note 3:          Taking beam steering approach as specified in B.2.3B.4A of TS 36.101 as staring point with further extension applicable for L beams



TDD
	Parameter
	Unit
	Test FR1 TDD 2Rx
	Test FR1 TDD 4Rx

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Duplex Mode
	
	TDD

	TDD DL-UL configurations
	
	FR1.30-1 as specified in Annex A

	Propagation channel
	
	Option 1: TDLA30-5 as baseline

	Antenna configuration
	
	TBD (Medium or High) XP
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)
Option 3: 4 ports with (N1,N2) = (2,1) and (O1, O2)=(4,1)

	Beamforming Model
	
	Option 1: As specified in Annex B.2.3B.4A of TS36.101
-Relative power ratio among two beams can be fixed as 1 (p=1)
Other options not precluded

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS
interval and offset
	slot
	10/1

	
	ZP CSI-RS trigger
	
	1 in slots i, where mod(i, 10) = 1, otherwise it is equal to 0

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	TBD 4/16/32

	
	CDM Type
	
	FD-CDM2 for 4 ports/
CDM4 (FD2, TD2) for 16/32 ports

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 4, (0,-) for 4 ports/
 Row 12, (2, 4, 6, 8) for 16 ports/
Row 17, (2, 4, 6, 8) for 32 ports

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(13,-) for 4 ports/
 (5,-) for 16 ports/
(5,12)) for 32 ports

	
	CSI-RS
interval and offset
	slot
	10/1

	
	aperiodicTriggeringOffset
	
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
interval and offset
	slot
	10/1

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForIChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	FFS

	Sub-band Size
	RB
	16

	csi-ReportingBand
	
	1111111

	CSI-Report interval and offset
	slot
	10/1

	Aperiodic Report Slot Offset
	
	8

	CSI request
	
	1 in slots i, where mod(i, 10) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	Codebook Type
	
	typeII-r16

	
	paramCombination-r16
	
	Option 1: 6 with L =4, pν =1/2, β=1/2

	
	numberOfPMISubbandsPerCQISubband
	
	Option 1: R = 1
Option 2: R = 2

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,1) for 4 ports/
(4,2) for 16 ports/
(4,4) for 32 ports

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1) for 4 ports/
(4,4) for 16/32 ports

	
	n1-n2-codebookSubsetRestriction-r16
	
	FFS

	
	typeII-RI-Restriction-r16
	
	FFS

	
	Codebook Type
	
	typeII-r16

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	6.5

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	Option 1: MCS 20 TDD 

	Note 1:	For random precoder selection, the precoder shall be updated in each slot (0.5 ms granularity).
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-6), this reported PMI cannot be applied at the gNB downlink before slot#(n+6).
Note 3:          Taking beam steering approach as specified in B.2.3B.4A of TS 36.101 as staring point with further extension applicable for L beams
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Rel-16 performance enhancement  

Type I single Pannel:  

32 ports wideband 

16 ports FFS for wideband/Sub-band 

Rel-15 Type II codebook: 16 /32 ports 

Rel-16 e-MIMO WI  

Rel-16 Type II codebook: 16 /32 ports 

Rel-15 NR PMI test cases 

  

Type I single panel:  

4, 8 ports wideband PMI for FR1 

2 port wideband PMI for FR2 
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LTE Rel-10 MIMO 

CSI-RS based CSI              

8Tx dual codebook  

LTE Rel-11 CoMP 

TM10 (QCL B)                    

CSI process with IMR 

LTE Rel-12 eMIMO 

4Tx Dual codebook 

LTE Rel-13 FD-MIMO 

2D panel, BF CSI-RS     

Class A up to 16 Tx            

Class B with CRI reporting 

Class B with K=1  

 

LTE Rel-14 eFD-MIMO 

Class A up to 32 Tx ports               

Advanced codebook with 

16 ports                       

Hybrid CSI mechanism 1, 

2  


