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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, more simulation results and details of CSI enhancement are discussed for Rel-17 to provide supplementary information for companion paper [1]. 
· Rel-17 PS CB enhancement
· Simulation results for parameter combinations 
· More considerations on UCI design
· CSI enhancement for MTRP
· Views on CBSR
[bookmark: _Ref129681832]Additional simulation results for parameter combinations
According to RAN1#106-e agreements, parameter combinations represented by (alpha, , beta) with K1 = alpha*P for Rel-17 PS codebook. Moreover, candidate values of alpha are {1/2, 3/4, 1},  = {1, 2}, and values of beta = {[1/4], 1/2, 3/4, 1}. In order to decide exact parameter combinations, the performance and overhead of all supported parameter combinations for 8 ports and 32 ports are given in [1]. In this part, more simulation results will be given for the parameter combinations.
In the simulation, the performance and overhead of all supported parameter combinations for 16 ports are shown in Figure 1. As shown in the Figure 1, the performance and overhead of all the supported parameter combinations can be described by the following six curves:
· Curve 1：
· Curve 2：
· Curve 3：
· Curve 4：
· Curve 5：
· Curve 6：
Similar as the simulation results of 8 ports and 32 ports in [1], the cures with {alpha = 0.5, =1}, {alpha = 1, =1} and {alpha = 1, =2} can constantly provide better performance compared with other parameter combinations of (alpha, ) for a ranges of # of CSI-RS ports.
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(a-1) Fixed Rank 1: Curve 1 ~ 6                               (a-2) Fixed Rank 1: Curve 1, 3, 4
[image: ]   [image: ]
(b-1) Up to Rank 2: Curve 1 ~ 6                                (b-2) Up to Rank 2: Curve 1, 3, 4
Figure 1. The performance and overhead of all the supported parameter combinations for 16 ports
Furthermore, for detailed parameter combinations to distribute mean UPT gain equally as much as possible and also support a wide range of payload sizes, following 8 parameter combinations, which is also same as [1], are shown in Figure 2 for 16 ports, 
Table 1 The selected parameters combinations for 16 ports
	paramCombination-r17
	
	
	
For Rank 1~2
	
For Rank 3~4
	Payload of Rank 2 (16 ports)

	1
	0.5
	1
	0.25
	0.125
	~50 bits

	2
	0.5
	1
	0.5
	0.375
	~80 bits

	3
	0.5
	1
	0.75
	0.625
	~110 bits

	4
	1
	1
	0.5
	0.375
	~150 bits

	5
	1
	1
	0.75
	0.625
	~200bits

	6
	1
	1
	1
	0.875
	~260bits

	7
	1
	2
	0.5
	0.375
	~300bits

	8
	1
	2
	0.75
	0.625
	~400 bits
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Figure 2. The performance and overhead of all the supported parameter combinations for 16 ports

Observation 1: Considering additional simulation cases, e.g., similar observations can be found that {alpha = 0.5, =1}, {alpha = 1, =1} and {alpha = 1, =2} and 8 parameter combinations on Table 1 can provide better performance and CSI feedback overhead tradeoff.   

UCI design
[bookmark: _Hlk81904898]Using ceil(log2(*)) bits to report the strongest coefficient indication (SCI) per layer has been agreed last meeting. Different from the SCI design as Rel 16, the strongest coefficient indication (SCI) per layer included the position of selected port and FD base for the strongest coefficient. Therefore, as proposed in [1], The FD indicator should be assigned to G0 for Rel-17 PS codebook enhancement, at the same level of port indicator.
[bookmark: _Hlk81904942]In addition to above modification, considering that the UL and DL have reciprocity of angles and delays, if the ports are precoded in ascending order of the coefficients for the angle-delay bases, the coefficients also basically satisfy that a smaller-index port corresponds to a larger coefficient, and a larger-index port corresponds to a smaller coefficient. The value of  is also quite small () in Rel-17. Therefore the priority order of coefficients should be 1st layer index, 2nd port index, and then 3rd FD bases index. 
Based on above analysis, the following proposal can be considered for the priority order of coefficients for Rel-17 Type II PS CB.
Proposal 1: The priority order of Rel-17 Type II PS coefficients should be 1st layer index, 2nd FD bases index, and 3rd port index.

CBSR for CSI enhancement for Multi-TRP
To avoid reporting the precoders which may induce the strong interference, the UE can be configured with CBSR to be informed that the reported PMI is not allowed to correspond to the associated precoders. In NCJT, the precoders causing the strong interference on the cooperative TRPs can be very different. It is reasonable to configure CBSR per TRP. Specifically, for CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE is configured with two CBSRs. When the UE derives the PMI over a CMR associated with the first CMR group, the reported PMI is restricted by the first CBSR associated to that CMR group, and similarly for the second CMR group in the same CMR set. Note that the payload of PMI is independent to the configuration of CBSR. For example, for a given NZP CSI-RS resource set for channel measurement with 4 NZP CSI-RS resource, i.e., {{#0 #1}, {#2, #3}} with N=1 so that {#0 #2} is for NCJT measurement hypothesis. {#0 #1} is the first CMR group associated with the first CBSR #1 and {#2, #3} is the second CMR group associated with the second CBSR2. Therefore, for NCJT CSI calculation, both CBSR #1 and #2 configured for corresponding CSI-RS resources are applied jointly when determining NCJT PMI. On the other hand, if single-TRP CSI calculation is considered, CBSR #1 and #2 configured for corresponding CSI-RS resources are applied independently for single-TRP measurement hypotheses. 
Proposal 2: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two CBSRs can be configured for a given reporting setting whereas each of them corresponds to one CMR group in a CMR set, i.e. per TRP.

Conclusions
This contribution provides our views on further considerations and simulations CSI enhancement for Rel-17. In summary, the following proposals and observations are made.
Observation 1: Considering additional simulation cases, e.g., similar observations can be found that {alpha = 0.5, =1}, {alpha = 1, =1} and {alpha = 1, =2} and 8 parameter combinations on Table 1 can provide better performance and CSI feedback overhead tradeoff.   

Proposal 1: The priority order of Rel-17 Type II PS coefficients should be 1st layer index, 2nd FD bases index, and 3rd port index.

Proposal 2: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, two CBSRs can be configured for a given reporting setting whereas each of them corresponds to one CMR group in a CMR set, i.e. per TRP.
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Appendix A. 
Table A-1 SLS assumptions for CSI enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ
Other configuration is not precluded.

	BS Tx power 
	44dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 [21] 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with fixed Rank 2
SU-MIMO with fixed Rank 4

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity (full CSI feedback) :  5ms 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	SRS Error Model
	SRS error Modelling in Table A.1-2 in 36.897. =9dB and detailed derivation of  can be found in R1-144943[20].

	Calibration error model at gNB
	
amplitude error (expressed in decibels) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation for simulation bandwidth , respectively

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI reporting overhead
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