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In this contribution, we discuss CSI enhancements for Rel-17 to provide supplementary information for the main paper [1]. More simulation results and details are discussed here, which includes the following issues.
· Preliminary results/discussion for Rel-17 PS CB high rank (Rank 2~4)
· Quantization of linear combination coefficients for rank
[bookmark: _Ref129681832]Preliminary discussion of Rel-17 PS CB for Rank 2~4
In this part, we evaluate the performance of R17 PS CB with SRS estimation error and gNB calibration error, which is based on the agreements of RAN1#102e [2]. 
For R17 PS CB, based on the observation and proposals in our companion paper [1], we assume K1 = P = 32 for ,  for , and polarization-common based bitmap with different values of compression ratio β, e.g. 1, 3/4, 1/2 for . In addition, 3 bits are used to amplitude and 4 bits are used to phase for each linear combination coefficient. At gNB side, non-DFT bases are applied for CSI-RS for both R16 PS CB (Spatial domain) and R17 PS CB (Spatial and frequency domain). 
For Rank 2, the polarization-common based bitmap for  is layer specific and the overall CSI feedback is almost twice than Rank1. 
For Rank 4, the polarization-common based bitmap for  is layer specific and the overall CSI feedback is no more than Rank2.
As discussed in Rel-16, Rank 1~2 can be used for MU-MIMO and Rank 3~4 can be used for SU-MIMO. In order to make the simulation more simple and straightforward, we simulation MU-MIMO with fixed Rank 2 and SU-MIMO with fixed Rank 4 respectively.  More details about simulation assumption can be found in following section and Table A-1 of Appendix A.

MU-MIMO with fixed Rank 2
In this part, MU-MIMO with fixed Rank 2 are assumed for both R16 and R17. Considering not all UEs are suitable for high rank-Rank2 transmission, especially for the UEs with lower SNR who have small UPT, therefore we use 50% UPT instead of mean UPT to show the performance of different schemes. Figure 1 gives the performance of R16 enhanced Type II port selection codebook and Rel-17 PS CB enhancement under fixed Rank 2 per UE for MU-MIMO with SRS error and calibration error, in which the performance of R16 with lowest CSI feedback overhead is taken as 100%. It can be observed that compared with R16, R17 can provide about 25% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed.
Note that by utilizing angle and delay reciprocity, free bases selection and non-DFT-based channel decomposition especially in frequency domain can be achieved at gNB sides for R17 PS CB, which could provide significant performance gain. Furthermore, R17 PS CB can achieve finer precoding granularity for PMI (larger R, numberOfPMISubbandsPerCQISubband) and enable finer precoding granularity and provide better performance. In the simulation, R of R16 PS CB equals to 2 and R of R17 PS CB equals to 4. For MU-MIMO, by taking advantage of more accurate CSI quantization, the interference can be better suppressed and more UEs can be secluded for MU transmission.
Observation 1: Compared to Rel-16 type II port selection codebook, R17 PS CB can provide 25% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed under fixed Rank 2 per UE for MU-MIMO.
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Figure 1. Performance between R16 PS CB and Rel-17 PS CB for MU-MIMO with Rank2
SU-MIMO with fixed Rank 4
SU-MIMO with fixed Rank 4 is assumed for both R16 and R17 in this part. Similar to MU-MIMO with fixed Rank 2, we also use 50% UPT gain to show the performance of different schemes. Figure 2 gives the performance of R16 enhanced Type II port selection codebook and Rel-17 PS CB enhancement under fixed Rank 4 per UE for SU-MIMO with SRS error and calibration error. It can be observed that compared with R16, R17 can provide about 30% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed.
As analyzed above, by utilizing angle and delay reciprocity, free bases selection, non-DFT-based channel decomposition and finer granularity in frequency domain for PMI can be achieved for R17 PS CB, which could provide more accurate CSI quantization and provide performance gain for SU-MIMO, especially for high rank.
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Figure 2. Performance between R16 PS CB and Rel-17 PS CB for SU-MIMO with Rank4
Observation 2: Compared to Rel-16 type II port selection codebook, R17 PS CB can provide 30% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed under fixed Rank 4 per UE for SU-MIMO.
Based on the above simulation, it can be found that Rel-17 PS CB with rank 2~4 can provide significantly performance gain for both MU-MIMO and SU-MIMO compared with R16, so we have the following proposal.
Proposal 1：In Rel-17 PS CB enhancement, up to Rank 4 should be supported.
Quantization of linear combination coefficients
Linear combination coefficients quantization for R17 PS CB for Rank 1
In R16, except the reference coefficient, same quantization bits are used for all linear combination coefficients. However there are some regularity for linear combination coefficients, which can be used to improve the quantization accuracy at the same CSI feedback overhead or achieve the same quantization accuracy with fewer CSI feedback overhead. Figure 3 shows a regularity to achieve above function. From the figure, it can be seen that the coefficients on the first 8 CSI-RS ports have a larger dynamic range, and the dynamic range on the last 8 CSI-RS ports is smaller. With this information, the beamforming CSI-RS ports can be grouped to 2 groups, and the linear combination coefficients of different groups can adopt different quantization bits. For example the first group (strong amplitude) can utilize more bits to the coefficients and the last one (weak amplitude) use fewer bits. Compared with all groups use the same resolution with identical bits, this solution can provide better tradeoff between performance and CSI feedback overhead. Though there has some regularity to provide better tradeoff between performance and CSI feedback overhead, if gNB can’t obtain this regularity, this better tradeoff will not be possible to be achieved. 
Now by utilizing the partial reciprocity between UL and DL channel, gNB has the chance to obtain this regularity to provide better tradeoff between performance and CSI feedback overhead. Since the power of each cluster of uplink and downlink channel are strongly correlated, the distribution of combining coefficients’ amplitude observed by UE in the downlink can be inferred from uplink channel. As shown in the following figure, the amplitude of coefficients observed on the downlink CSI-RS ports indicated by blue curve have similar trend with the amplitude of coefficients calculated on the uplink channel marked with the red curve. Therefore, based on angle and delay reciprocity, the quantization of linear combination coefficients can be enhanced to make a better tradeoff between UPT and CSI feedback overhead.
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Figure 3. Amplitude of coefficients observed on the CSI-RS ports
Observation 3: Utilizing the strong correlation between the uplink and downlink channel cluster power, the coefficient quantization method can be enhanced to achieve a better tradeoff between performance and overhead.

Linear combination coefficients quantization for R17 PS CB for Rank 2 ~ 4
For Massive MIMO, multiple spatial layers can transmit to one UE simultaneously to improve the performance. If the number of total layers does not exceed four, only one CW can be scheduled according to NR specification from the UE perspective. However, layers within one CW can give rise to significantly variant SNRs among layers.
In order to verify the SINR difference between layers in real word system, a field test was conducted in Shanghai, China. In the measurements, the gNB is on the roof of building nearly 30 meters high with 64Tx. The UE with 8Rx moves slowly (~1 km/h) on a street around the gNB, which is about 250~350 meters far away from gNB and has both LOS and NLOS state. In the measurement, UE calculates DMRS SINR for layer 1~4 respectively per second and then obtain average DMRS SINR over a period of time (about 10 minutes), which is shown as Figure 4. From the results, it can be found that there is more than 10dB difference for DMRS SINR between the first layer and the fourth layer. For NR system, there is only one CW and one MCS for Rank 1~4, which is difficult to match the SINR difference between layers. In this situation, if gNB can obtain the power difference between layers and do some power allocation between layers, the performance will be improved.
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Figure 4 Average DMRS SINR for different layers
For TDD system, the power difference between layers can be obtained by gNB based on full reciprocity between UL channel and DL channel. But for FDD system, there is only partial reciprocity between UL channel and DL channel, gNB can’t obtain the power difference between different layers. In addition, Linear combination coefficients are normalized per layer in R15 Type II/PS TypeII and R16 eType II/ PS eTypeII. Based on this normalization per layer, the difference between layers are missed and gNB can’t obtain the difference between layers based on the CSI feedback by UE, shown as Figure 5.
[image: ]
Figure 5 Power difference between layers based on R15/R16
If linear combination coefficients can be normalized cross layers for R17 PS CB, the difference between layers can be retained and feedback to gNB, which is shown as Figure 6. For example, we have linear combination coefficients,,  and  and eigenvalues , ,  and  for layer 1~4 respectively. And , , , and  are coefficient with maximum power for , ,  and  respectively, of which  is the largest coefficient. In the quantization, coefficients in , ,  and  are normalized by , , , and   respectively. In addition to that, the amplitude of , ,  and  are normalized by the amplitude of   and then are quantized by M bits ,e.g. M=3. Based on the quantization of amplitude of , ,  and  feedback by UE, the power difference between layers can be obtained by gNB, and gNB can do some power allocation between layers to improve the performance. 
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Figure 6 Power difference based on normalization cross layers
By utilizing power different between layers, gNB can do power allocation between layers to improve the performance. In order to verify benefits of power allocation based on the SINR difference between layers, we evaluate the performance of R17 PS CB with fixed Rank 4 SU-MIMO transmission by link level simulation. In the simulation both red line and blue line are based on R17 PS CB, the difference between these two lines are shown as following.
· Red line: UE normalize linear combination coefficients cross layers based on the above example method, and gNB do power allocation according to the difference between layers based on UE feedback, which can reduce the power difference between layers. 
· Blue line: UE normalize linear combination coefficients per layers (Similar to R16), and gNB can’t performance power allocation between layers.
Based on the link level simulation it can be found that compared no power allocation between layers (Blue line),  power allocation based on  normalization cross layers (Red line) can provide 20% performance gain @ 23dB and 10% performance gain @25dB.
 Observation 4: Compared to normalization per layer, 20% performance gain @ 23dB and 10% performance gain @25dB can be observed for normalization cross layers by link level simulation.
Proposal 2: For Rel-17 PS CB enhancement with rank 2~4, coefficients normalization can be considered cross layers to equalize power allocation for high rank transmission for FDD.
[image: ] 
Figure 7.  LLS between per layer normalization and normalization cross layers
Conclusions
This contribution provides our views on further considerations and simulations for Rel-17 PS  codebook design based on angle and delay reciprocity. In summary, the following proposals and observations are made.
Proposal 1：In Rel-17 PS CB enhancement, up to Rank 4 should be supported.
Proposal 2: For Rel-17 PS CB enhancement with rank 2~4, coefficients normalization can be considered cross layers to equalize power allocation for high rank transmission for FDD.


Observation 1: Compared to Rel-16 type II port selection codebook, R17 PS CB can provide 25% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed under fixed Rank 2 per UE for MU-MIMO.
Observation 2: Compared to Rel-16 type II port selection codebook, R17 PS CB can provide 30% performance gain for 50% UPT at high CSI feedback overhead if the same reporting overhead is assumed under fixed Rank 4 per UE for SU-MIMO.
Observation 3: Utilizing the strong correlation between the uplink and downlink channel cluster power, the coefficient quantization method can be enhanced to achieve a better tradeoff between performance and overhead.
Observation 4: Compared to normalization per layer, 20% performance gain @ 23dB and 10% performance gain @25dB can be observed for normalization cross layers by link level simulation.
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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



	Table A-2 LLS assumptions for CSI enhancement
	Parameter
	Value

	Carrier frequency
	2.1GHz

	Subcarrier spacing
	15kHz

	Scheduled number of RBs
	52

	Channel model
	CDL-A-100ns

	CP
	Normal

	Waveform
	CP-OFDM

	BS antenna configurations
	)=(2,8,2,1,1)
)=(0.5,0.5)


	UE antenna configurations
	)= (1,2,2,1,1)
)=(0.5,0.5)

	MCS
	AMC

	Channel estimation
	RCE

	Receiver 
	MMSE receiver

	CW number 
	1 

	Layer number
	4

	Rank Adaption
	No
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