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1. Introduction
In the last RAN4 meeting, the test parameters of PMI requirement for NR Rel-15 type II codebook were discussed. The following options were considered as following in WF [1]:
	· Codebook construction for type II codebook
· Option 1: 16 Tx ports (N1,N2) =(4,2), (O1,O2)=(4,4)
· Option 2:  32 Tx ports (N1,N2)=(4,4), (O1,O2)=(4,4)
· Option 3:  Option 1 and Option 2
· Other options not precluded
· Channel model for type II codebook
· Option 1: TDLA30-5
· Use option 1 as baseline, and not preclude other options
· MIMO correlation for type II codebook
· Option 1 : XP High
· Option 2: XP medium 
· Other options are not precluded
· Beam steering model for type II codebook
· Option 1: Reusing beam steering approach with dual-cluster beams as specified in B.2.3B.4A of TS 36.101
· Relative power ratio among two beams can be fixed as 1 (p=1)
· Use option 1 as baseline, and not preclude medication/other option for coming meetings
· Other options not precluded
· Test metric for type II codebook
· Option 1: TP ratio between following PMI with type II codebook and following PMI with type I single-panel codebook
· Option 2:  TP ratio between following PMI and random PMI
· Other options are not precluded



In this contribution, the view on remain issues for PMI requirement based on Rel-15 type II codebook are provided. Based on our preference, the simulation results are provided for alignment purpose.
2. Discussion on simulation assumptions
· release independence
In the last meeting, the release independence aspect for NR Rel-16 UE demodulation and CSI reporting requirements is discussed in [4].  Since type II is a UE optional feature with capability signalling, we think it is not feasible release independence for type II codebook requirement.
Proposal 1: It is not feasible release independence for PMI reporting requirements for Rel-15 type II codebook



Rel-15 Type II codebook construction consists of below parameters:
· n1-n2-codebookSubsetRestriction : (N1,N2), (O1, O2), PCSI_RS
· Total number of antenna ports P = 2N1N2 which supporting 4, 8, 12,16,24 and 32 ports for Type II codebook
· (N1,N2), (O1,O2) as in table below 
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	4
	(2,1)
	(4,1)

	8
	(2,2)
	(4,4) 

	
	(4,1)
	(4,1)

	12
	(3,2)
	(4,4)

	
	(6,1)
	(4,1)

	16
	(4,2)
	(4,4)

	
	(8,1)
	(4,1)

	24
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,1)

	32
	(4,4)
	(4,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,1)



· phaseAlphabeSize:  Npsk={4,8}
· subbandAmpltitude: true or false
· numberOfBeams:  L=2 for PCSI_RS =4, and L ={2,3,4} for 	PCSI_RS > 4
· Number of Ports and Codebook configuration 
Regarding number of Tx ports, 4 ~ 32 ports can be supported for Type II codebook. NR Rel-15 Type II codebook is the extension of LTE Rel-14 advanced codebook which they share similar codebook structure. It’s better that 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. 
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



Meanwhile, from performance test perspective, both 16 Tx and 32 Tx port PMI requirements for Rel-15 type I single-panel codebook are introduced. As mentioned, type II codebook is similar with LTE eFD MIMO with advanced codebook. In case of requirement of advanced codebook, only 16 Tx port requirements are specified with considering the test complexity.
To compact the test,  in order to take a comparable performance compared to Rel-15 NR Type I test cases, we prefer to use 16 CSI-RS ports with (N1,N2) = (4,2) as a starting point to functionality test. Meanwhile, there is no necessary to replicate the test case to specify requirements with configured both 16 Tx and 32 Tx ports.  
Proposal 2:  Only define the PMI requirement of Rel-15 type II codebook with 16 Tx ports (N1,N2) =(4,2),(O1,O2)=(4,4)
· PhaseAlphabeSize and subbandAmpltitude
This parameter is to indicate the phase coefficient with 2L wideband amplitude, where the phase coefficients are quantized to Npsk levels (RRC configured) or 4 levels (fixed). The difference is very minor with configured 4 or 8. 
Meanwhile, TDLA30-5 is agreed to specify the type II codebook requirement, the frequency selective is no obvious. The expected gain with subband is minor.
Therefore, we prefer the following codebook construction to finalize the test parameters for PMI requirement.
Proposal 3:  Define the PMI requirement of Rel-15 type II codebook construction as
· phaseAlphabeSize:  Npsk= 4
· subbandAmpltitude: false
· numberOfBeams:  L=2 
3. Simulation Results
In this subsection, we provide our simulation results for type II codebook:
· High XP correlation 
[image: ]
Fig.1 Throughput performance for 16x2 rank1 in XP High correlation
[image: ]
Fig.2 Throughput performance for 16x2 rank2 in XP High correlation
· Medium XP correlation
[image: ]
Fig.3 Throughput performance for 16x2 rank1 in XP Medium correlation
[image: ]
Fig.4 Throughput performance for 16x2 rank2 in XP Medium correlation
The above the simulation results are based on wideband PMI feedback, according to the observations we present that:
· There is almost no gains for Type II vs. Type I under XP High channel correlation model.
· In 16x2 rank1 XP Medium channel correlation model, the gains between Type II and Type I are 1.6dB for 70% of peak throughput and 2.1dB for 90% of peak throughput respectively. 
· In 16x2 rank2 XP Medium channel correlation model, gains between Type II and Type I are 1.1dB for 70% of peak throughput and 1.7dB for 90% of peak throughput respectively.
· In our opinion, the propagations from multiple dominant clusters are rich in XP medium correlation (or low correlation) channel, which lead to the dominant eigenvectors can be much better represented by a basis of multiple DFT vectors which exist in Type II codebook.
[image: ]
Fig.5 Subband PMI vs. wideband PMI for Type II in XP Medium correlation under 16x2 rank2
Moreover, two options for Type II test metric are provided in [1]. In our opinion, both type I single panel with large antenna ports and type II codebook for UE requirements are the optional feature with additional signaling. In case of a UE only supports one of them, this UE could not apply the “type II vs. type I metric” for testing.
Based on our result, we prefer to reuse the test metric as the TP ratio between following PMI with type II codebook and random PMI with type II.
The relative throughput metrics as ratio between Type II following PMI and Type II random PMI are collected as the following:
 Table 1: TP ratio summary for 64QAM (MCS20) under wideband PMI case
	
	16x2 rank1 XP High
	16x2 rank2 XP High
	16x2 rank1
XP Medium
	16x2 rank2
XP Medium

	TP ratio of SNR point at 90% throughput
	1461
	1513.1
	2.71
	
4.63



For XP High correlation, the gap between following PMI and random PMI is so remarkable that it is not suitable to define the TP ratio index. It may be caused by the channel beam energy concentrated in one cluster under the XP High channel state. And then it is difficult to catch the main beam direction for the random PMI cases.
Based on the above observations, we propose that:
Proposal 4:  Prefer to use the test metric with TP ratio between following PMI with type II codebook and random PMI with type II codebook
Proposal 5:  Define the PMI requirement of Rel-15 type II codebook with MCS 20 Rank 2 under XP medium correlation model
Proposal 6: If we choose TP ratio between following PMI and random PMI as the test metric, we’d better to definite wideband PMI feedback, because the SNR point at 90% of peak throughput is difficult to be achieved under the subband random PMI case.
4. Conclusion
In this contribution, we provide our views and PMI simulation results for Type II codebook, based on the results, the following proposals are made:
Proposal 1: It is not feasible release independence for PMI reporting requirements for Rel-15 type II codebook
Proposal 2:  Only define the PMI requirement of Rel-15 type II codebook with 16 Tx ports (N1,N2) =(4,2),(O1,O2)=(4,4)
Proposal 3:  Define the PMI requirement of Rel-15 type II codebook construction as
· phaseAlphabeSize:  Npsk= 4
· subbandAmpltitude: false
· numberOfBeams:  L=2 
Proposal 4:  Use the test metric with TP ratio between following PMI with type II codebook and random PMI with type II codebook
Proposal 5:  Define the PMI requirement of Rel-15 type II codebook with MCS 20 Rank 2 under XP medium correlation model
Proposal 6: If we choose TP ratio between following PMI and random PMI as the test metric, we’d better to definite wideband PMI feedback, because the SNR point at 90% of peak throughput is difficult to be achieved under the subband random PMI case.
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5. Annex
Simulation assumption 
	Parameter
	Unit
	Test 5.1
	Test 5.2

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA30-5 

	Antenna configuration
	
	Medium /High XP 
16 x 2 (N1,N2) = (4,2) 

	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
	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)
	
	16 

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 12, (2, 4, 6, 8) 


	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(5,12)

	
	CSI-RS
interval and offset
	slot
	Not configured

	
	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
	Not configured

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Wideband
/Subband

	Sub-band Size
	RB
	8

	csi-ReportingBand
	
	1111111

	CSI-Report interval and offset
	slot
	5/1

	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

	
	L (numberOfBeams)
	
	2

	
	NPSK (phaseAlphabetSize)
	
	4

	
	subbandAmplitude
	
	False

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,2) 

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,4)

	
	CodebookSubsetRestriction
	
	FFS

	
	RI Restriction
	
	FFS

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	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).
.
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