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Introduction
In RAN1#102-e meeting, the following agreements on CSI enhancements for FDD with partial reciprocity were achieved [1].
Agreement
Taking Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) as a starting point, study following aspects, taking into account trade-off among UE complexity, performance and reporting/RS overhead: 
· Enhancement on codebook structure, e.g.,:   
· (Alt 1)Enhancement based on R16 Type II PS CB type structure 
· Enhancements on W1 quantization, e.g., 
· With enhanced port selection in W1  
· With modified value range of L taking into account beamforming mechanism for CSI-RS;
· With layer-specific port selection
· Enhancements on Wf quantization, e.g., 
· With a smaller value of Mv 
· With a modified value range of R
· With multiple values of Mv for different SD basis
· With enhanced FD basis selection in  Wf 
· Restrictions/Relaxation, e.g. 
· for the size of the PMI indicators for SD basis, FD basis and bitmap.
· How UE distinguishes SD basis and FD basis or in a pre-defined set
· Enhancement on W2 quantization: coefficients for selected ports
· (Alt 2)Enhancement based on R15 Type II PS CB type structure 
· Enhancement on W1 quantization, e.g.,: enhanced port selection, X out of P SD-FD pairs are selected 
· XP (if polarization independent) or P/2 (if polarization common) whereas P  PCSI-RS  only or P can be larger than PCSI-RS 
· How to map P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE
· Enhancement on W2 quantization: coefficients for the selected X pairs 
· etc.
· Enhancements on indication/reporting mechanism, e.g.: 
· Separate triggering for reporting of  W1 and Wf  (for Alt 1) or reporting of W1 and the rest of the PMI components (for Alt 2)
· Report only a subset of PMI components 
· Enhancement on SD/FD basis indication, selection and reporting mechanism 
· UE reporting to support gNB calibration including UL/DL time difference;
· CQI enhancements, e.g., CQI reporting mechanism considering FDD reciprocity
· etc.
· Enhancements on RS triggering/signaling/transmission mechanism, e.g. for SRS and/or CSI-RS, CSI-RS utilization conveying one or more SD-FD pairs per port, timing restrictions between SRS and CSI-RS transmission, etc
· Other enhancement are not excluded

In this contribution, possible enhancement on CSI measurement and reporting for MTRP and/or multi-panel transmission and on Type II port selection codebook will be discussed.
CSI enhancement for FDD with partial reciprocity
On codebook structure 
According to the above agreement, two alternatives for codebook structure are given as follows.
· Alt 1: Enhancement based on R16 Type II PS CB type structure
· Alt 2: Enhancement based on R15 Type II PS CB type structure
Let  and  denote the port selection indication matrix and frequency domain (FD) basis selection indication matrix, and  denotes the corresponding combination coefficients matrix. If Alt 1, i.e., , is used as enhancement codebook structure. UE needs to report  , and . If Alt 2, i.e., , is used, UE would feed back  and . The main difference between Alt 1 and Alt 2 is whether FD basis indication is reported by UE or not. With partial channel reciprocity available at gNB side, gNB is able to obtain FD basis based on measurement of uplink reference signal. The reporting of FD basis from UE side seems redundant. If spatial domain (SD) basis and FD basis are jointly used to form beams of CSI-RS, and the reference signal for each beam is transmitted through one CSI-RS port, port selection is sufficient, i.e.,  carries the information for both SD basis and FD basis. Therefore, the PS CB in R17 using structure of  is sufficient.   

Proposal-1: R15 Type II PS CB type structure is used as baseline for R17 enhanced PS CB.

In Figure 1, the procedure of CSI acquisition with enhanced Type II PS codebook exploiting partial channel reciprocity is illustrated.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 1: Procedure of CSI acquisition with enhanced Type II PS codebook 
We assume dual-polarization antenna array with 2 ports are equipped at gNB, and there is  ports per polarization. The number of PMI subband is . Assume that there is one PRB within each PMI subband, and the frequency density of CSI-RS is 1 RE/PRB/Port. The precoder of downlink data transmission could be calculated according to the following four steps at gNB.
Step 1: Obtain estimated UL channel, and calculate SD basis , l=0,…,2L-1, and FD basis , m=0,…,M-1.
· Obtain UL channel
SRS transmitted by UE could be used to measure uplink channel.
· Calculate SD basis  and FD basis  
SD basis  and FD basis could be calculated by gNB.
Step 2: Transmit beamformed CSI-RS to UE.
· For the k-th port of beamformed CSI-RS, the beam of CSI-RS could be written as 
                                                                                
where  is the conjugate of , i.e., the beamforming weight of CSI-RS on the n-th PRB is  , where  is the n-th element of .
Step 3: Estimate downlink channel from the beamformed CSI-RS; Select ports and calculate port combination coefficients which is denoted as .
· Estimate downlink channel 
Downlink channel of all CSI-RS ports could be estimated at UE side.
· Select ports  and calculate port (Beam) combination coefficients
· Port combination coefficients are calculated by UE based on estimated channel of all CSI-RS ports.
· Ports could be selected according to the calculated port combination coefficients.
Step 4: Calculate precoder.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]At gNB side, the downlink precoder can be calculated by using selected beams indicated by port selection and port combination coefficients, as given by .

Performance evaluation on enhancement PS codebook
In order to check performance gain of CSI enhancement with angle and delay reciprocity compared with R16 Type II PS CB, the agreement of EVM on CSI enhancement for FDD with partial reciprocity was given in the RAN1#102-e meeting. In this section, evaluation results on enhanced codebook in R17 are given. The performance of three parameter configurations of R16 Type II PS CB is given as baseline. For the enhanced Type II PS CB, gNB calculates P=32 beams including SD bases and FD bases according to uplink channel. Then, the 32 beams are used to transmit CSI-RS with 32 ports. UE feeds back  coefficients for calculating precoder at gNB side, where  is set to 0.125, 0.25, 0.375, 0.5, 0.75 and 1. The coefficients quantization is same as that of R16 Type II codebook. The rank of each user is fixed to one. The detail evaluation assumptions are given in Table AI in the Appendix. Figure 2 shows the relative performance of cell average UPT and cell edge UPT of the enhanced Type II PS CB in R17 over R16 Type II PS CB. We can see that the system performance of the enhanced Type II PS CB is better than that of R16 Type II PS CB for cell average UPT and cell edge UPT with different feedback overhead. Compared with R16 Type II PS CB, about 5% and 10% performance gain of cell average and cell edge can be obtained, respectively.
[image: ][image: ]
Figure 2: Relative performance vs. overhead of the enhanced Type II PS CB in R17

Observation-1: Compared with R16 Type II PS CB, about 5% and 10% performance gain of cell average UPT and cell edge UPT can be obtained with enhancement on Type II PS CB, respectively.

According to the discussion of last meeting, SRS channel estimation error and antenna calibration error should be modeled in the evaluation. In this section, the correlation between the calculated precoder and eigenvector of ideal downlink channel is collected to investigate the impact of SRS channel estimation error and antenna calibration error. The statistics of the correlation between the calculated precoder without/with error by using the enhanced Type II PS CB in R17 and eigenvector are given, as shown in Figure 3. The parameter configuration for the enhanced Type II PS CB in the simulation of Figure 2 is adopted, and  is set to 1. In the figure, ‘Without error’, ‘With SRS error’ and ‘With SRS error and calibration error’ denote the correlation between eigenvector of channel and the calculated precoder without any error, with SRS error and with SRS error and calibration error, respectively. It can be seen that the three statistic curves are almost same. This implies that the calculated precoder is almost same for the three cases. That is, SRS error and calibration error has marginal impact on system performance of enhanced Type II PS CB in R17. 
[image: ] 
Figure 3: The correlation between the calculated precoder by using the enhanced Type II PS CB in R17 without/with error and eigenvector of ideal downlink channel

Observation-2: Both SRS error and calibration error has marginal impact on system performance of enhanced Type II PS CB in R17.

Base on the above observation, we have the following proposal:
Proposal-2: Codebook enhancement based on FDD channel reciprocity shall be supported.

The mapping between SD-FD pair and CSI-RS antenna port
Based on uplink channel, gNB can derive L SD bases and M  FD bases. If these bases are adopted to design the CSI-RS beams, there are total P=2LM SD-FD pairs. For instance, if L=4 SD basis and M=7 FD basis are derived by gNB, P=56 beams are to be measured by UE. Then, the number of beams is larger than32 which is the maximum number of ports of one configured CSI-RS resource in current specification. The result is that some beams have to be dropped if only one CSI-RS resource is configured. In order to solve the issue, one option is to design CSI-RS resource with port number larger than 32. But it has great specification impact to design CSI-RS pattern with more than 32 antenna ports. Another proposal is that multiple beams share one port by FDM. The frequency domain density of some CSI-RS port is reduced by ½. This will deteriorate channel estimation quality of CSI-RS and shall be evaluated carefully. As a simple alternative, more than one CSI-RS resources (probably at most two is enough) can be configured to provide required number of CSI-RS ports. In this way, one SD-FD pair is mapped to one CSI-RS port. Then, all beams can be measured by UE with reasonable quality. For example, gNB obtains P=48 beams based on uplink channel measurement. Two CSI-RS resources are configured to UE. The number of the two resources is set to 32 and 16, respectively. Figure 4 shows the possible pattern of the two configured CSI-RS resources. In this figure, the port indexes of the two resources are be jointly numbered.
The coefficients of all ports are calculated by UE according to the received beamforming CSI-RS. Suitable ports are selected based on the calculated coefficients. Since each port corresponds to a beam and a coefficient, non-zero coefficients indication is not needed if port selection indication has been reported. Hence, the overhead of non-zero coefficients indication can be saved, and the following proposal is given.
Proposal-3: More than one CSI-RS resource can be configured so that the number of CSI-RS ports of all configured CSI-RS resources is equal to that of beams, and each SD-FD pair is mapped to one CSI-RS port.



Figure 4: The pattern of the two configured CSI-RS resources

Enhancement on PS codebook 
Based on measured uplink channel by using SRS, gNB can calculate SD and FD basis corresponding to angle and delay information of the channel. According to the discussion in Section 2.3, SD basis and FD basis are used to design the beamforming of CSI-RS, and one SD-FD pair is mapped to one CSI-RS port. The antennas at gNB and UE are usually configured as dual polarization with X-cross type, and any two antennas located on the two polarization direction are close to each other. This implies that the angle of arrival and propagation of delay from the two antennas are almost same. That is, the SD and FD basis are same for the two polarization directions. Therefore, the same SD-FD pairs can be used as beamforming of CSI-RS for the two polarization directions, i.e., beam can be polarization common. Of course, beam can also be polarization independent. It depends on gNB’s implementation. 
Port selection can be polarization common or polarization independent. Compared with polarization independent selection, half of port indication overhead can be saved by using polarization common selection. However, if port selection indication is still used to indicate non-zero coefficients for the two polarizations, the performance may be degraded since the location of non-zero coefficients for the two polarizations may be different due to different downlink channel of the two polarizations. In order to accurately indicate the location of non-zero coefficients, additional non-zero coefficient indication is required. This obviously increases overhead compared with polarization independent selection. In order to avoid the possible performance loss and not include non-zero coefficients indication, port selection can be polarization independent. In this way, port selection indication is used to not only indicate selected port, but also indicate position of non-zero coefficients. Hence, non-zero coefficients indication can be saved. It depends on performance evaluation whether polarization common or polarization independent is used to indicate port selection. Based on the above discussion, we have the following proposal.
Proposal-4: Polarization common and polarization independent port selection shall be further evaluated.

For R15/16 Type II PS CB, port selection is successively selected and is polarization common. At most L=4 ports are selected by UE. Only SD basis is used for beamforming of CSI-RS. However, for enhanced codebook structure in R17, both SD basis and FD basis are used for beamforming of CSI-RS. Therefore, the number of beams may be far more than 4. Successive selection may be reused in Rel-17 to reduce the overhead of port indication. This issue is that some key coefficients may be omitted due to successive port selection, which has impact on system performance. Another port selection method is free selection. Given that P beams are obtained at gNB and P CSI-RS ports are used to transmit them. UE can freely select X ports from the P ports according to non-zero coefficients. This method can ensure that all key coefficients are reported, so that accurate precoder can be calculated to obtain better system performance. But it needs a bit more overhead compared with successive selection. It depends on performance evaluation whether free selection or successive is used to indicate port selection.
Proposal-5: Free selection and successive selection for port indication should be further studied.  

For rank>1, as discussed during R16 Type II CB, FD basis selection is layer-specific, i.e., different layer adopts different FD basis, and same SD basis are used across multiple layers. The beamforming of CSI-RS includes SD and FD basis for the enhanced codebook in R17. According to the description in Section 2.1, port combination coefficients of different layers are calculated by using effective channel measurement at UE. If port selection is selected according to calculated coefficients, the selected port may be different for different layers due to different quantization non-zero coefficients. However, the overhead of port indication is quite large. For example, P=2LM beams are used for the beamforming of CSI-RS. Each SD-FD pair is mapped to one port. P bits are required to indicate the selected port for one layer assuming bitmap is employed. Assume there are 4 layers. The overhead of port indication for rank=4 is 4P bits which is four times of rank=1. In order to reduce the overhead, the same selected ports can be applied to all layers. It just requires to report a single port indication. But the system performance may be degraded since some important coefficients for some layers may be dropped by using common port indication. 
Proposal-6: Layer-specific and layer-common port selection shall be studied considering tradeoff between performance and overhead.

Enhancement on SRS transmission
Uplink channel which is measured by sending SRS at UE. gNB calculates SD basis and FD basis by utilizing the obtained uplink channel. Let the bandwidth of SRS is W. The l-th tap is the aggregation of the physical paths with delays in [l/W-l/(2W), l/W+l/(2W)]. Each physical path is assumed to associate with a single channel tap. This requires that larger bandwidth is configured for SRS to obtain physical paths with finer resolution delay. Hence, we propose the bandwidth of SRS is configured as same as that of CSI-RS. Three comb size, i.e., 2, 4 and 8 are supported and are used to transmit SRS. Due to the power restriction of UE, SRS coverage is limited when the bandwidth of SRS is much larger and the smaller configured comb value of SRS is used. In order to increase SRS coverage, we prefer the frequency domain density of SRS is configured as same as that of CSI-RS, such as 1RE/RB/Port. Based on the above discussion, we give the following proposal.
Proposal-7: The bandwidth and density of SRS are configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.

Enhancement on non-zero coefficients quantization and indication
No matter that the codebook structure is enhanced based on R15 Type II PS CB or R16 Type II PS CB, the combination coefficients for selected ports should be reported to gNB by UE after quantization.  Since the downlink channel is different for the two polarizations, the location of non-zero coefficients in the two polarizations may be different. Therefore, the non-zero coefficients of both polarizations should be indicated and reported. In order to improve quantization with less overhead, the differential quantization can be considered. 
Proposal-8: Differential quantization can be considered with R16 Type II PS CB differential quantization as a starting point. 

As discussed in Section 2.3, it has been proposed that each SD-FD pair is mapped to one CSI-RS port by configuring one or more CSI-RS resources. In Section 2.4, we have discussed that port selection can be layer-common or layer-specific. No matter which schemes is used, the port indication can be used to indicated non-zero coefficients due to the fact that beams and ports are one-one mapping. Therefore, we have the following proposal. 
Proposal-9: Non-zero coefficients are indicated by using port indication information. 

1. CSI Enhancement for Multi-TRP/panel Transmission
In Rel-15, a specific codebook is designed for supporting coherent multi-panel transmission. For the case each PDCCH schedules a single PDSCH transmitted with one TRP/panel, i.e., NC-JT with multiple PDSCHs, current CSI framework can be reused. However, for the case one PDSCH is transmitted with multiple TRPs/panels, i.e., NC-JT with single PDSCH (including URLLC transmission with multiple TRPs), the CSI feedback design needs to be considered. 
As more accurate inter-layer interference can be taken into account based on measurements of the channel properties from potentially coordinated TRPs/panels, joint CSI measurement among coordinated TRPs/panels would be beneficial to improve the estimation accuracy of channel quality and PMI/RI. 
To achieve that, in 3GPP RAN1 #102e, the following agreement on CSI enhancement for multi-TRP has been reached.
	Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements



For category 1, in examples shown in Figure 5-a, each TRP involved in joint CSI feedback can be associated with one resource set. That is, resource 1-1 and 1-2 in resource set 1-1 and 1-2 are used for channel measurement of TRP1 and TRP2 respectively. In addition to that, resource setting 2 can be configured for measurement of interference and noise. Alternatively, in Figure 5-b, resource 1-1 and 1-2 in the same resource set, i.e., resource set 1, are used for channel measurement of TRP1 and TRP2 respectively. 
[image: ]
(a): Each TRP involved in joint CSI feedback is associated with one resource set
[image: ]
(b): Each TRP involved in joint CSI feedback is associated with one resource
Figure 5: Examples of category 1

For category 2, each TRP can be associated with one resource setting. For example, as shown in Figure 6-a, report setting 1 and 2 are associated with TRP1 and 2 respectively. For CSI measurement of TRP1, resource 1-3 is a NZP CSI-RS for IM, which can be used for measuring the interference from TRP2. Similarly, resource 2-3 in report setting 2 is used to measure the interference of TRP2 to TRP1. Based on such configuration, CSI for each TRP can be reported. In the example shown in Figure 6-b, report setting 1 is used for measurement of TRP1, while report setting 2 is used for TRP2. In CSI calculation, joint transmission of TRP1 and TRP2 can be assumed. 
[image: ]
(a)
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(b)
Figure 6: Examples of category 2

As shown in the above examples, similar functionality of joint CSI feedback can be achieved by both category 1 and 2. However, the signalling overhead of configuration is different. For category 2, if 2 coordinated TRPs are considered in CSI feedback, 2 report settings are needed. In addition, if more TRPs can be considered in the future, it’s difficult to further extend the CSI configuration based on category 2. Considering the signalling overhead and flexibility, category 1 is preferred.
Proposal-10: For multi-TRP CSI enhancement, category 1 is supported. 

Besides the extension to CSI framework, the assumption on transmission scheme can also be refined to improve the CSI reporting for multi-TRP operation. In Rel-16, in addition to 1a, transmission schemes such as 2a/2b/3 and 4 are also supported, and more new transmission schemes are under consideration in Rel-17 for HST scenario. Therefore, to reflect the actual channel condition in a specific transmission scheme, different assumptions on transmission scheme can be made. 
Proposal-11: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
Proposal-12: At least the following CSI feedback quantities need to be supported:
· PMI/RI for each TRP/panel
· CQI for each codeword or TRP

Conclusions
In this contribution we discussed the enhancement on codebook structure, the mapping between SD-FD pair and CSI-RS antenna port, enhancement on codebook and SRS transmission, enhancement and CSI enhancement for multi-TRP/panel. The evaluated results of enhanced Type II PS CB are also provided. Our observations or proposals are summarized below.

Observations: 
Observation-1: Compared with R16 Type II PS CB, about 5% and 10% performance gain of cell average UPT and cell edge UPT can be obtained with enhancement on Type II PS CB, respectively.
Observation-2: Both SRS error and calibration error has marginal impact on system performance of enhanced Type II PS CB in R17.

Proposals: 
Proposal-1: R15 Type II PS CB type structure is used as baseline for R17 enhanced PS CB.
Proposal-2: Codebook enhancement based on FDD channel reciprocity shall be supported.
Proposal-3: More than one CSI-RS resource can be configured so that the number of CSI-RS ports of all configured CSI-RS resources is equal to that of beams, and each SD-FD pair is mapped to one CSI-RS port.
Proposal-4: Polarization common and polarization independent port selection shall be further evaluated.
Proposal-5: Free selection and successive selection for port indication should be further studied.    
Proposal-6: Layer-specific and layer-common port selection shall be studied considering tradeoff between performance and overhead.
Proposal-7: The bandwidth and density of SRS are configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.
Proposal-8: Differential quantization can be considered with R16 Type II PS CB differential quantization as a starting point. 
Proposal-9: Non-zero coefficients are indicated by using port indication information. 
Proposal-10: For multi-TRP CSI enhancement, category 1 is supported. 
Proposal-11: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
Proposal-12: At least the following CSI feedback quantities need to be supported:
· PMI/RI for each TRP/panel
· CQI for each codeword or TRP

References
[bookmark: _Ref525556260][1] 3GPP RAN1#102-e meeting, Chairman’s notes.

Appendix
Table AI: Evaluation assumptions
	Parameter
	Value

	Duplex 
	FDD 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) 

	Carrier frequency
	2GHz 

	Inter-BS distance
	200m 

	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 for (rank 1,2) 

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

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

	Simulation bandwidth 
	10 MHz with 15KHz

	Maximum MU layers
	12

	CSI feedback period and feedback delay
	5 ms and 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO with rank=1

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

	UE receiver
	MMSE-IRC
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