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Introduction
In the previous meeting, there were several agreements related to evaluation methodology and candidate CSI enhancements. The following shows agreements related to candidate enhancements [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

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



In this contribution, we share LG’s view on candidate CSI enhancements on multi-TRP transmission and Type II port selection codebook.
Discussion
Enhancements on multi-TRP transmission
Based on the current specification, gNB can independently acquire CSI for each TRP. In this case, gNB cannot know accurate CSI for multi-TRP transmission because inter-TRP interference is not considered during CSI calculation/reporting. This mismatch between CSIs can cause performance degradation in multi-TRP transmission. So, inter-TRP interference should be considered during CSI calculation/reporting. Figure 1 shows examples of CSI reporting that can reflect inter-TRP interference based on the current specification. 
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	(a) CSI reporting for TRP #1
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	(b) CSI reporting for TRP #2 reflecting inter-TRP interference from TRP #1
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	(c) CSI reporting for TRP #1 reflecting inter-TRP interference from TRP #2
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	(d) 3 step CSI reporting procedure


Figure 1. Example of CSI acquisition procedure for reflecting inter-TRP interference 
As described in Figure 1, interference from different TRP can be calculated based on NZP CSI-RS resource for IM (interference measurement) at a UE side. Figure 1 (d) shows 3 step reporting procedure and each step corresponds to Figure 1 (a), (b) and (c).
However, such kind of CSI reporting has disadvantages as follows. 
Firstly, CSI reporting delay increases due to the multiple measurement and reporting events so that  data transmission based on multi-TRP transmission will be delayed. The prior CSI reporting is needed for selection of precoding matrix for a TRP before CSI reporting for the other TRP. For example, when TRP #1 transmits NZP CSI-RS for IM in Figure 1 (b), TRP #1 should know at least RI and PMI for the UE in order to apply precoding matrix on the NZP CSI-RS. For this purpose, the prior CSI reporting is needed as described in Figure 1 (a). TRP #2 in Figure 1 (c) is in the same situation like TRP #1 in Figure 1 (b). As a result, data transmission based on multi-TRP transmission is delayed until gNB acquires the entire CSI for multi-TRP transmission. 
Secondly, the reported CSI can be inaccurate due to outdated interference assumption, so that MCS setting based on this CQI can cause retransmission of the same TB or throughput degradation. For example, the first/second reported RI/PMI for TRP #1 in Figure 1 (a) and (c), respectively, can be different because those CSIs are calculated based on the different interference assumptions. If those RI/PMI are different, then the CSI for TRP #2 in Figure 1 (b) that is based on CSI reporting for TRP #1 in Figure 1 (a) is inaccurate because the reported CSI for TRP #2 in Figure 1 (b) is calculated based on the outdated interference assumption from outdated RI/PMI in Figure 1 (a), not from updated RI/PMI in Figure 1 (c). This outdated CQI can cause retransmission of the same TB or throughput degradation.
Lastly, gNB cannot jointly find CSI for precoding matrix such as RI and PMI for each TRP. This is because the specific precoding matrix should be applied to NZP CSI-RS port(s) for IM. For example, when the UE finds CSI for precoding matrix for TRP #2 as described in Figure 1 (b), then the specific precoding matrix for TRP #1 is already applied. As a result, a UE should assume fixed precoding matrix for a TRP, when the UE finds precoding matrix for the other TRP.
Regarding the first and second disadvantages, we can resolve those kinds of disadvantages by introducing some enhancements that have small specification impact. Figure 2 shows an example of enhanced CSI reporting reflecting inter-TRP interference. 
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	(a) CSI reporting for TRP #1
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	(b) CSI reporting reflecting inter-TRP interference for both TRP #1/#2
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	(c) Enhanced 2 step CSI reporting procedure


Figure 2. Example of enhancement for CSI reporting reflecting inter-TRP interference 
Figure 2 (a) shows CSI feedback for TRP #1, which is same as Figure 1 (a). It means that gNB can configure CSI reporting for one of multiple TRPs before CSI reporting for the other TRP. Figure 2 (b) shows CSI feedback for TRP #2 in which gNB can apply the specific precoding matrix to NZP CSI-RS resource for IM based on the prior CSI reporting for TRP #1 in Figure 2 (a). Figure 2 (c) shows enhanced 2 step reporting procedure and each step corresponds to Figure 2 (a) and (b). The difference between CSI reporting procedures on Figure 1 and Figure 2 is related to CSI reporting toward TRP #2, i.e., the second step, and two options can be considered for this enhancement as follows.
The first option is that the UE can report updated CQI for TRP #1 additionally when the UE reports RI/PMI/CQI for TRP #2 in Figure 2 (b). In CSI reporting in Figure 2 (b), the UE can additionally report updated CQI for TRP #1 by considering NZP CSI-RS resource #1 for IM as for CM and NZP CSI-RS resource #2 for CM as for IM. Specifically, when calculating this additional CQI, the UE assumes that identity matrix precoder is applied on desired channel from NZP CSI-RS resource #1 and that PMI of TRP #2 is applied on interference channel from NZP CSI-RS resource #2. As a result, RI/PMI for TRP #2 in the second CSI reporting is reflected as interference in the updated CQI for TRP #1. By introducing the proposed CSI reporting, total CSI reporting delay for the entire CSI can be reduced and more accurate CQI values for both TRPs can be reported to gNB at the same time. This example can be more suitable for multi-DCI based multi-TRP transmission scheme than for single DCI based multi-TRP transmission scheme. This is because multi-DCI based multi-TRP transmission scheme transmits different PDSCHs with possibly different MCS at different TRPs, and each PDSCH can be interference to the other PDSCH. 
The second option is that, in Figure 2 (b), the UE can report RI/PMI for TRP # 2 and single joint CQI for both TRP #1 and TRP #2 that considers both channel from NZP CSI-RS resource #1 and NZP CSI-RS resource #2 as desired channel. That is a joint CQI for both TRPs is reported. Specifically, when calculating this joint CQI, the UE assumes that identity matrix precoder is applied on desired channel from NZP CSI-RS resource #1 and assumes that PMI of TRP #2 is applied on desired channel from NZP CSI-RS resource #2. As a result, RI/PMI in the first and second CSI reporting can be applied for TRP #1 and TRP #2 for the case of single DCI based multi-TRP transmission. And the reported joint CQI in the second CSI reporting can be used for this scheduling. The second option can be more suitable for single DCI based multi-TRP transmission scheme than multi-DCI based multi-TRP transmission. This is because single DCI based multi-TRP transmission scheme transmits single PDSCH at different TRPs, and total transmission layers are from different TRPs. 
Proposal #1: Support enhancement for CQI reporting reflecting inter-TRP interference based on NZP CSI-RS resource for IM.
- by reporting RI/PMI/CQI for one TRP together with updated CQI for another TRP in which the RI/PMI are reflected as interference.
- by reporting RI/PMI for one TRP together with joint CQI reporting for single DCI based multi-TRP transmission 
To resolve the third disadvantage, using multiple NZP CSI-RS resources for different TRPs for the same CSI reporting and jointly finding precoding matrix for each TRP during CSI calculation can be considered. Based on the previous agreements, there are two categories to support this kind of CSI feedback. Category 1 is based on single CSI-ReportConfig, and different TRPs can be associated to different CSI-RS port groups or resources or resource sets. So, this approach needs new pre-defined rule or configuration/indication/feedback method to define such kind of association, and this is same in category 2. But, category 2 is based on a set of CSI-ReportConfigs, so association between TRP and CSI-ReportConfig is needed. For this association, category 2 always needs at least two different CSI-ReportConfigs even if gNB only wants multi-TRP based CSI feedback or most of the parameters for CSI-ReportConfigs are the same. This may cause unnecessary signaling for configuration/indication or CSI feedback overhead. However, category 2 can be based on the current resource configuration method for single CSI-ReportConfig, so it may reduce specification impact. In our perspective, more efficient method can be supported based on category 1. As described above, category 2 can cause unnecessary signaling for configuration/indication or CSI feedback overhead. So, category 1 can be considered for CSI enhancements for multi-TRP transmission. 
Proposal #2: Category 1 can be considered for CSI enhancements for multi-TRP transmission.

Enhancements on Type II port selection codebook
If DL/UL reciprocity is assumed, gNB can use frequency-independent parameters, e.g., estimated angle/delay parameters, for CSI reporting in FDD system. Estimated angle/delay parameters at gNB side can be used for spatial/frequency domain basis vector configuration, respectively. Based on agreements in the previous meeting, there are two alternatives for Rel-17 PS CB enhancement, i.e., Alt.1/Alt.2 based on Rel-16/Rel-15 CB structure, respectively. If Rel-17 PS CB is based on Rel-16 CB structure, then a UE can calculate coefficients for precoding matrix by using DFT-based compression. In this case, gNB can configure parameters related to the precoding matrix by using estimated angle/delay parameters based on UL signals, so this can provide more accurate and efficient coefficient feedback compared to Rel-15 CB based structure. For example, higher value of R will improve feedback accuracy and lower # of FD basis will decrease feedback overhead. This kind of configuration, however, cannot be supported if Rel-17 PS CB is based on Rel-15 CB structure. Consequently, Alt.2 will increase feedback overhead due to subband reporting and it is hard for gNB to configure parameters for CSI reporting based on estimated angle/delay parameters. 
Proposal #3: For Rel-17 PS CB, support Rel-16 Type II PS CB structure based enhancements. 
As described in the previous agreements, enhancement on port selection method can be considered. For example, based on the current specification, legacy PS CB selects only consecutive L CSI-RS ports out of transmitted P CSI-RS ports, and reports  in wideband manner. In the scope of Rel-17 PS CB, the transmitted CSI-RS ports can be beamformed in spatial domain as well as frequency domain. Thus, the selection of CSI-RS ports is one of the key factor in Rel-17 PS CB. In order to support enhancement on port selection, non-consecutive port selection across polarization (i.e., polarization independent selection) or layer (layer-group)-specific port selection can be considerable options. For free port selection, it may lead to signaling overhead issue as the number of configured CSI-RS increases, thus it is preferred to have some restriction on the port selection. 
Proposal #4: For Rel-17 PS CB, consider polarization independent and/or layer (layer-group)-specific port selection. 
If UL/DL channel reciprocity in FDD is well holds, Rel-17 PS CB framework can provide good performance and overhead trade-off. For example, a UE does not need to report some parameters e.g., etc. Also, if some codebook parameters is adaptively configured based on the measurement of UL channel at gNB side, the performance increment and/or overhead reduction can be achieved. Therefore, we need to discuss how to configure/indicate codebook and/or additional information obtained from UL/DL channel reciprocity at gNB side.
Proposal #5: Discuss how to configure/indicate codebook parameters and/or additional information obtained from UL/DL channel reciprocity at gNB side.
Conclusion
In this contribution, we discuss on enhancement on CSI measurement and reporting and propose the following based on the discussion.
Proposal #1: Support enhancement for CQI reporting reflecting inter-TRP interference based on NZP CSI-RS resource for IM.
- by reporting RI/PMI/CQI for one TRP together with updated CQI for another TRP in which the RI/PMI are reflected as interference.
- by reporting RI/PMI for one TRP together with joint CQI reporting for single DCI based multi-TRP transmission 
Proposal #2: Category 1 can be considered for CSI enhancements for multi-TRP transmission.
Proposal #3: For Rel-17 PS CB, support Rel-16 Type II PS CB structure based enhancements. 
Proposal #4: For Rel-17 PS CB, consider polarization independent and/or layer (layer-group)-specific port selection. 
Proposal #5: Discuss how to configure/indicate codebook parameters and/or additional information obtained from UL/DL channel reciprocity at gNB side.
Reference
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