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1. Introduction
In RAN4 94-e meeting, for the test scope of NR eMIMO demodulation and CSI requirement was approved in [1], with the following agreements achieved:
Agreement 
· Define the PMI reporting requirement for Enhanced of Type II Codebook
· No requirement for enhanced Rel-15 Type II codebook with Rank3/4
Furthermore, for the PMI reporting requirements for NR eMIMO was approved in [2], with the following agreements also achieved:
Agreement 
· FFS on the test parameters of Rel-16 type II codebook requirement related number of ports and subband, codebook parameter, beam steering, propagation condition, MCS and Rank, as well as  the test metric
In this contribution, the views on the Rel-16 enhanced codebook are provided. Meanwhile, the initial simulation results are provided to investigate the different test parameters.
2. Simulation assumption
· Table 1 Simulation assumptions for Rel-16 enhanced Type II PMI (FDD)
	Parameter
	Unit
	Test FDD 2Rx

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA30-5 

	Antenna configuration
	
	16 ports with (N1,N2) = (4,2) and(O1,O2)=(4,4)

	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
	Not configured

	
	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) for 16 ports


	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(5,-) for 16 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
	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

	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
	
	6 with L =4, pν =1/2, β=1/2
4 with L =4, pν =1/4, β=1/2
2 with L=2,pv=1/4,β=1/2
1 with L =4, pν =1/4, β=1/4

	
	numberOfPMISubbandsPerCQISubband
	
	R = 1

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


	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	 (4,4) for 16 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
	
	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




Table 2: paraCombination_r16 configuration (layer v =1, 2)
	Parameter
	paraCombination_r16=1
	paraCombination_r16=2
	paraCombination_r16=4
	paraCombination_r16=6

	L
	2
	2
	4
	4

	
	1/4
	1/4
	1/4
	1/2

	
	1/4
	1/2
	1/8
	1/2

	K0
	2
	4
	8
	16



In table 2, K0 represents the real number of feedback coefficients for each subband, which is calculated as formula   , and. In the enhanced Type II codebook, W2 is the linear combination subband matrix, after frequency compression, the W2 is sparse in both space and frequency dimensions, meanwhile, most energy is concentrated in a few coefficients. Therefore, the most significant K0 FD coefficients in W2 are reported and the rest are assumed to be zero.
3. Simulation results 
· XP High correlation model
In this section, we investigate the throughput performance of different codebooks with “MCS13 rank2” under TDL-C XP high correlation model.
· 16x2 rank2
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Figure 1: PMI performance with Type I, Type II and enhanced Type II codebook under XP High correlation model (16x2 Rank2 case)

Table 3: TP ratio summary for MCS13 Rank2 case under XP High correlation model
	
	Type I
	Type II 
	Enhanced Type II with
ParaCombination_r16
=1
	Enhanced Type II with paraCombination_r16=4
	Enhanced Type II with paraCombination_r16=6

	TP ratio of SNR point at 90% throughput
	1.99
	14.02
	3.19
	2.81
	3.22



· XP Medium correlation model
· 16x2 rank1
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Figure 2: PMI performance with Type I, Type II and enhanced Type II codebook under XP Medium correlation model (16x2 Rank1 case)

In table 4, we summarize absolute throughput ratio between following PMI and random PMI under 16Tx rank1 cases with different codebook configurations.

Table 4: TP ratio summary for MCS20 Rank1 case under XP Medium correlation model
	
	Type I
	Type II 
	Enhanced Type II with
ParaCombination_r16=2
	Enhanced Type II with paraCombination_r16=6

	TP ratio of SNR point at 90% throughput
	1.54
	4.87
	3.25
	18.97



· 16x2 rank2
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Figure 3: PMI performance with Type I, Type II and enhanced Type II codebook under XP Medium correlation model (16x2 Rank2 case)
In table 5, we summarize relative throughput ratio between following PMI and random PMI under 16Tx rank1 cases with different codebook configurations.

Table 5: TP ratio summary for MCS20 Rank2 case
	
	Type I
	Type II 
	Enhanced Type II with paraCombination_r16=2
	Enhanced Type II with paraCombination_r16=6

	TP ratio of SNR at 90% throughput
	1.8
	4.63
	2.19
	2.41



As observed above, we obtain that:
· A frequency compression matrix  is introduced to the enhanced Type II codebook, which brings more resolution than Type II codebook.
· The performance of enhanced Type II codebook will be significantly improved with the increase of feedback overhead. For the case “paraCombination_r16=6”, it achieves better performance than other cases meanwhile the UE processing complexity and reporting overhead also growth.
· In the XP Medium correlation model, Type I codebook only has one DFT vector which may not be able to accurately represent the best beams. In this case, the propagation environments have multiple dominant clusters, the style of type II and enhanced type II codebooks consist of multiple DFT vectors which are fit for the NLOS channels more preciously. Compared with Fig.1, the gain between the enhanced Type II and Type I is limited in XP High correlation model. In brief, XP medium model is recommended for type II and enhanced type II measurement condition. 
4. Conclusion
In this contribution, we provide simulation results for enhanced Type II codebook. The relative ratio at the 90% maximum throughput mark are also provided in table 1 and table 2.
Observation 1: The enhanced Type II codebook can bring more resolution than type II due to the frequency compression matrix introduced.
Observation 2: The performance of enhanced Type II codebook will be improved with the increase of feedback overhead and UE processing complexity.
Observation 3: The performance gain of type II and enhanced type II is more obviously in XP Medium correlation channel model than in XP high correlation case. In brief, XP medium model is recommended for type II and enhanced type II measurement condition. 
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