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Introduction
[bookmark: _Ref494215420]
In this paper, we will present our opinions on CSI enhancement for multi-TRP and FR1 FDD reciprocity.

Discussion
CSI enhancement for M-TRP
In R15 some discussions on CSI for multiple TRP transmission have been carried out for several meetings. However, due to limited available time, finally one general CSI framework, which is more for single TRP transmission, has been supported as the following:
[image: ]
Figure 1 R15 CSI framework
where one UE could be configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList) in 1 CSI-MeasConfig. For P/SP CSI report, one CSI reporting setting could be linked to two resource settings where the first one is for channel measurement, the second is used for interference measurement performed on CSI-IM. For AP CSI report, one CSI reporting setting could be linked to two or three resource settings, where NZP CSI-RS could be used for interference measurement except from CSI-IM. Only one CSI-RS resource set is configured for each P/SP CSI resource setting. For AP CSI resource setting, multiple CSI-RS resource sets could be configured per CSI resource setting, but only one resource set would be selected by DCI.
Compared with single TRP transmission, for NC-JT, two sets of CSI for two links should be calculated and reported, and inter-TRP interference should be considered when calculating the CSI parameter sets. Last meeting, the following agreement on CSI enhancement for M-TRP has been achieved [1]:
	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.


Category 1 is joint CSI reporting for M-TRP with one CSI reporting carrying CSI reports of all TRPs, while Category 2 is separate CSI reporting where each CSI reporting only carries CSI report from one TRP. Coordination among TRPs is needed for Category 1. However, for non-ideal backhaul case, dynamic coordination between TRPs is hard to be achieved. Therefore, Category 1 is more applicable for ideal backhaul case while Category 2 could be for non-ideal backhaul case. 
Proposal 1: Both Category 1 and Category 2 could be considered for M-TRP
· Category 1
If CSI parameters for multiple TRPs are configured in one reporting setting, CMR/IMR configuration for multiple TRPs should be also linked to one reporting setting. In R15, one reporting setting could be only linked to one resource setting for channel measurement, and only one resource set per resource setting is configured or triggered for CSI calculation. Keeping it in mind, the framework of joint CSI reporting configuration for multiple TRP transmission is illustrated as Figure 2:
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· Figure 2 Joint CSI reporting framework for multiple TRPs (Category 1)
where one resource in one resource set corresponds to measurement resource of one TRP. To achieve more accurate interference measurement, we prefer not to explicitly configure CMR of one TRP as IMR of another TRP. When calculating interference of one TRP, the measurement of CMR of another TRP should be additionally as the inter-layer interference. 
Regarding to reported CSI parameters for joint CSI reporting, at least two sets of CSI parameters should be reported. In our opinion, some rank pair should be restricted to reduce UE complexity, e.g., rank pair {1,1} or {2,2} or {1,2} or {2,1} could be supported.
Proposal 2: Support limited rank pair for NC-JT, e.g., {1,1}, {1,2}, {2,1},{2,2}.
To supporting dynamic DPS and NC-JT switching, how to demonstrate the validity of one set of CSI parameters should be studied, e.g., introducing one flag in report representing the content is valid or invalid, or depending on the value of RI, where RI = 0 denotes the report is invalid, otherwise it is valid.
Proposal 3: Study how to demonstrate the validity of CSI parameters for joint reporting in NC-JT.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Rel-15, a CSI report is comprised of two parts when Type I and Type II CSI feedback on PUSCH or Type I CSI sub-band reporting on PUCCH formats 3, or 4. CSI Part 1 with fixed payload shall be transmitted before CSI Part 2. When a CSI report comprises two parts, the UE may omit a portion of the CSI Part 2 at some specific scenarios, and the omission of Part 2 is according to the priority order that begins with the lowest priority level. The two-part UCI in Rel-15 can be extended for NC-JT for joint UCI design. CSI Part 1 with fixed payload is always prioritized, and comprises partial CSI of N TRPs. CSI Part 2 with variable payload contains the remaining CSI of N TRPs. A new design of CSI composition and CSI Part 2 omission priority should be considered. 
Proposal 4: A new design of CSI composition and CSI Part 2 omission priority should be considered for joint reporting in NC-JT.

· Category 2
Obviously, separated CSI reporting configuration could directly inherit R15 configuration structure, where CSI configuration for different TRPs can be independent. If independent CSI measurement and reporting are supported, gNB basically perform independent transmission, but possibly with some performance loss. Considering NCJT hypothesis is transparent to UE, RI pair restriction could not be achieved. Alternatively, we could consider to link the separated CSI reporting configuration for CSI measurement. For example, under NCJT hypothesis, CMR associated to one CSI reporting setting should be as additionally as IMR of another CSI reporting setting. More accurate CSI measurement could be achieved. However, it would bring much specification work and the performance is not clear.  More studies are needed before making final decision.

CSI enhancement for FR1 FDD reciprocity
In the last RAN1 meeting, the proposed codebook structures for FR1 FDD reciprocity can be classified into two categories, the corresponding agreement can be found below,
	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
 



Regarding the two codebook structures, basically there’s no difference on the measurement of candidate SD-FD pairs. On the other hand, the way of SD-FD pair selection and reporting is different. For Alt 1, the selected SD-FD pairs can be determined based on independent port selection in W1  and FD basis selection in Wf. Furthermore, coefficient subset selection maybe needed to point out the ‘weak’ SD-FD pairs and the amplitudes and phases of those ‘weak’ SD-FD pairs are not reported. For Alt 2, the SD-FD pairs selection can be achieved based on port selection. UE may assume all the selected SD-FD pairs are ‘strong’ enough, thus coefficient subset selection is no longer needed.
There are two advantages on the absent of coefficient subset selection, the first one is that reporting overhead can be reduced. Considering that the number of candidate SD-FD pairs in Alt 1 is 2L*Mv, and the maximum number of layers is 4, the reduced overhead cause by coefficient subset selection is 2L*Mv*4. The second advantage is that codebook can be simplified. Without coefficient subset selection, the amplitudes and phases can be directly one-to-one mapped to SD-FD pairs. Therefore, we propose to support Alt 2.
Proposal 5: Support Alt2, i.e., enhancement based on R15 Type II PS CB type structure.
For Alt 2, there’s one open issue on mapping P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE. In our views, it’s beneficial to map two or more SD-FD pairs into one CSI-RS port as long as those SD-FD pairs can be differentiated. The maximum number of CSI-RS ports is 32. If more than 32 SD-FD pairs should be transmitted based on uplink channel measurement by gNB, a single CSI-RS resource will not be enough, and using more than one CSI-RS resource will complicate the specification too much and is not desired.
Regarding how to map two or more SD-FD pairs into one CSI-RS port, based on our understanding, one possible solution is to define a fixed FD basis index (or a delay position) for each SD-FD pair. Different SD-FD pairs are mapped into different FD basis indexes by adding additional delays. After receiving the CSI-RS resource, UE can obtain the equivalent channel of each SD-FD pair from different predefined delay positions. The determination of predefined delay positions should be further studied, e.g., centralized or distributed.
Proposal 6: Support the number of SD-FD pairs being larger than the number of CSI-RS ports.

Conclusion
In this contribution, we discussed CSI configuration and measurement enhancement for M-TRP and FR1 FDD reciprocity. The following proposals are achieved:
Proposal 1: Both Category 1 and Category 2 could be considered for M-TRP.
Proposal 2: Support limited rank pair for NC-JT, e.g., {1, 1}, {1, 2}, {2, 1}, {2, 2}.
Proposal 3: Study how to demonstrate the validity of CSI parameters for joint reporting in NC-JT.
Proposal 4: A new design of CSI composition and CSI Part 2 omission priority should be considered for joint reporting in NC-JT.
Proposal 5: Support Alt2, i.e., enhancement based on R15 Type II PS CB type structure.
Proposal 6: Support the number of SD-FD pairs being larger than the number of CSI-RS ports.
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