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

Discussion
CSI enhancement for M-TRP transmission
CSI enhancement for S-DCI based M-TRP transmission
Last meeting, great progress has been achieved for NCJT associated with one single CSI report [1].
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· [bookmark: OLE_LINK9]Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report



Regarding the value of N and Ks, we have not seen the necessity for one CSI report with N>1 and Ks>2, and if one CSI report with N>1 and Ks>2, it will obviously increase UE complexity. Thus, we have the following proposal:
Proposal 1: Not support N> 1 and Ks > 2.
In RAN1#103e meeting [2], there are some discussions about interference measurement resources, and no consensus has been agreed. In Rel-16, up to two kinds of interference measurement resources are supported: NZP CSI-RS and CSI-IM, where NZP CSI-RS is introduced to simulate intra-cell MU interference and CSI-IM is more for inter-cell interference. Considering MU-MIMO is not supported for NCJT, it is not necessary to support NZP CSI-RS configured as IMR. 
Proposal 2: Not support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference for a CSI report associated with NCJT measurement hypothesis.
Proposal 3: Support interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference for a CSI report associated with NCJT measurement hypothesis.
Last meeting, for CSI reporting configuration, it has agreed to support both option 1 and option 2. In short, it includes the following four possible CSI report configurations:
· Option 1 with X=0: the UE can be configured to report one CSI associated with NCJT measurement hypothesis
· Option 1 with X=1: the UE can be configured to report 1 CSI associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· Option 1 with X=2: the UE can be configured to report 2 CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
Next, we will present our opinions on the above four configurations from the perspective of CPU, CSI  processing time, and UCI composition and structure and so on .
CPU:
In Rel-15, if a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If N CSI reports start occupying their respective CPUs on the same OFDM symbol on which  CPUs are unoccupied, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority, where is the largest value such that  holds [3].  For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', the CSI report occupies , where  could be  , or , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement. 
In Rel-15/16, only one TRP is assumed, and one set of CSI parameters should be calculated. For R17, given NCJT assumption, multiple sets of CSI parameters perhaps should be calculated, and it would bring in additional processing requirement for UE. It is reasonable that the occupied CPU should not be simply equal to the number of CSI-RS resources in the CSI-RS resource set for channel measurement, and could be larger. Under the assumption that the number of CSI-RS resources in the CSI-RS resource set for channel measurement is , occupied CPUs for the above four configurations are descripted in detail below:
· Option 1 with X=0: two sets of CSI parameters should be calculated based on channel measurement resources, and interference should be considered between two CMR groups. Thus, the number of CPU should be [].
· Option 1 with X=1: three sets of CSI parameters should be calculated based on channel measurement resources, where one set is for single TRP transmission assumption, the other two sets are for NCJT assumption with interference should be considered between two CMR groups. Thus, the number of CPU should be [].
· Option 1 with X=2: four sets of CSI parameters should be calculated based on channel measurement resources, where two sets are under single TRP transmission assumption, the other two sets are for NCJT assumption with interference should be considered between two CMR groups. Thus, the number of CPU should be [].
· Option 2: four sets of CSI parameters should be calculated based on channel measurement resources, and interference should be considered between two CMR groups. Although selection processing should also be considered additionally, the processing complexity could be ignored. Thus, the number of CPU should be [].

Proposal 4: For option 1 with X=0, the occupied CPUs could be ,
·  , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 5: For option 1 with X=1, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 6: For option 1 with X=2, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 7: For option 2, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 

CSI processing time:
In Rel-15, two Tables for CSI computation delay requirement are introduced, and up to 3 sets of delay requirements for each SCS are introduced for CSI acquisition. In some degree, CSI computation delay requirement denotes the CSI calculation complexity degree. Considering high computational complexity for NCJT, new CSI processing time should be introduced for CSI for NCJT.
Proposal 8: Support to introduce new CSI computation delay requirement for NC-JT CSI.

UCI:
In Rel-15/16, a CSI report is comprised of two parts when Type I or Type II CSI is carried on PUSCH or Type I CSI sub-band is reported on PUCCH formats 3, or 4. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. When a CSI report comprises two parts, the UE may omit a portion of the CSI Part 2 at some scenarios, and the omission of Part 2 is according to the priority order that begins with the lowest priority level. In our opinion, the two-part UCI structure in Rel-15 can be extended for NC-JT for joint UCI design. 
Proposal 9: Support to reuse Rel-15 two-part UCI structure for NCJT
For option 1 with X =0 where only CSI for NCJT assumption is reported, it seems to be straightforward that 2 RI, 1 or 2 CQI, 2 LI should be included into Part1, while 2 PMIs should be placed into Part 2 considering the large payload size of PMI.
Proposal 10: For option 1 with X=0, for UCI composition and structure, 
· 2RI, 1 or 2 CQI(s), 2 LI should be include into Part1;
· 2 PMIs (if required) should be include into Part2;
For option 1 with X =1 or X=2 where both CSI(s) for single TRP and CSI for NCJT are included in the CSI report, given the limited payload size for Part 1, and the high priority of CSI for single TRP over CSI for NCJT, we prefer to place some CSI information for single TRP into Part 1, other CSI information, e.g., PMI for single TRP and CSI information for NCJT are placed into Part 2.
Proposal 11: For option 1 with X=1 or X=2, for UCI composition and structure,
· Some CSI information for single TRP, e.g., CRI/RI/CQI for the first CW, should be placed into Part 1;
· [bookmark: _GoBack]Some CSI information for single TRP, e.g., PMI, CQI for the second CW(if reported), and CSI information for NCJT should be placed into Part 2;
For option 2, in order to avoid gNB’s blind detection irrespectively of UCI content carrying CSI either from one best TRP or from NCJT, UCI size and/or the size of Part 1 should be kept consistence, for example, UCI size and/or the size of Part 1 for NCJT could be as reference. 
For option 2, to support dynamic DPS and NC-JT switching, how to demonstrate the validity 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, or CRI value like LTE.
Proposal 12: For option 2, study how to demonstrate the validity of CSI parameters for joint reporting in NC-JT.

CSI enhancement for M-DCI based M-TRP transmission
Regarding to CSI for M-DCI based M-TRP transmission, related agreement and WA are shown below:
	Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)


In Rel-16, in order to provide much flexibility for network, M-DCI operation and S-DCI are supported. The function of CSI measurement and reporting is to provide assisted information for gNB scheduling. Thus, from the perspective of CSI report, both M-DCI and S-DCI based transmission could be assumed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For above WA, obviously, separated CSI reporting configuration, i.e., option 2 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, i.e., option 1. For example, under NCJT hypothesis, CMR associated with 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.  In addition, the WA only applies for non-ideal backhaul scenario, and AP CSI reporting is not supported.
In Rel-16, M-DCI based M-TRP operation could be used for both ideal backhaul and non-ideal backhaul. The function of CSI measurement and reporting is to provide assisted information for gNB scheduling. Thus, from the perspective of CSI report, for single CSI reporting setting, M-DCI based M-TRP could also be assumed. Unified CSI framework for S-DCI and M-DCI is preferred from the perspective of UE complexity and specification work load. Thus, we have the following proposal to reflect to support M-DCI based transmission.
Proposal 13: Support option 2, i.e., for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report two RIs, two PMIs, two LIs and two CQIs.
CSI enhancement for FR1 FDD reciprocity
During the last meeting, RAN1 has agreed to support the Rel-17 TypeII codebook structure as W=W1W2 WfH, the corresponding agreement can be found below,
	Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain



Based on the agreement, there’s an FFS on the polarization-common/specific selection of SD basis. In our understanding, polarization-specific selection of SD bases will improve the performance more or less. However, since the design target of Rel-17 TypeII codebook is to reduce UE calculation complexity by exploring delay reciprocity between DL and UL channels. Polarization-specific selection will increase UE complexity, which is the opposite of the design target. Therefore, from our perspective, we prefer reusing the Rel-15/16 TypeII codebook design, i.e. polarization-common selection. 
Proposal 14: For the port selection matrix W1, support polarization-common design.
Regarding the number of selected FD basis Mv, we agree with some companies that the performance can be improved by increasing the number of FD bases. Although our preference is Mv=1 since larger value of Mv will increase UE complexity, we understand that there’s always the need to improve performance, we are OK to support confirming the working assumption on supporting Mv>1 as UE optional. The maximum value of Mv to be limited and 2 is our preference.
Proposal 15: Confirm the working assumption that Mv>1 is a UE optional feature.

	Proposal 5: Study following mechanisms, 
· With regarding to mechanism of configuring/indicating Wf to the UE (if supported)
· Option 1: The FD bases used for Wf quantitation are limited within a single window with size N and initial point Minitial, which can be fixed/configured/indicated by gNB. 
· FFS: whether/how to support more than one windows
· FFS: candidate values and value ranges for N, Minitial, including whether Minitial can be fixed to be, e.g. 0
· FFS: signaling mechanism by MAC-CE or RRC or hybrid
· FFS: The number of CSI-RS ports and the value of Mv is jointly configured per codebook parameter combination 
· Other enhancements are not excluded. 
· With regarding to mechanism of selecting/reporting Wf to the gNB (if supported)
· Option 1: UE selects all FD components configured/indicated by the NW without reporting them
· Option 2: UE selects and reports the index of  components within a window of size N
· Other enhancements are not excluded. 




Regarding how to configure/indicate FD bases to the UE and select/report FD bases to the gNB. Based on the discussion during the last meeting, it seems common understanding that the delay misalignment issue between gNB and UE should be addressed. Therefore, a window with size N and initial point Minitial should be defined. UE should select  FD bases and report them when . Furthermore, the window size N should be configured by gNB, and Minitial can be defined as zero for all layers. 
Proposal 16: For FD basis selection, support configuring a single window to the UE by RRC signaling.
Proposal 17: For FD basis selection, support selecting  components within a window if .
There’s another remaining issue on whether to support mapping P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE. During the last meeting, this issue has been discussed, but not decided. Based on the agreement below, 4 options are listed to be further studied,
	Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook


In our views, before we choose any of the enhancement solutions, whether the enhancement is needed should be decided based on simulation results showing the probability of the case that more than 32 strong SD-FD pairs are observed. On the other hand, the enhancement in this sub-agenda is only about codebook design, and how to map SD-FD pairs into CSI-RS ports should not impact CSI-RS resource mapping. Therefore, Option 1 which is lower CSI-RS density should be out of scope. On the other hand, Option 2 which configuring one or multiple CSI-RS patterns will complex the mapping of a CSI-RS resource and need additional configuration parameter. For Option 3 that mapping SD-FD bases into multiple CSI-RS resources, CSI reporting framework will be changed since based on current spec, UE should report CRI when multiple CSI-RS resources are configured as CMRs. 
Based on the discussion above, we prefer only considering enhancement on Type II codebook without changing CSI-RS resource configuration, which is aligned with Option 0.
Proposal 18: Support Option 0: No further CSI-RS enhancement as the baseline.

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: Not support N> 1 and Ks > 2.
Proposal 2: Not support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference for a CSI report associated with NCJT measurement hypothesis.
Proposal 3: Support interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference for a CSI report associated with NCJT measurement hypothesis.
Proposal 4: For option 1 with X=0, the occupied CPUs could be ,
·  , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 5: For option 1 with X=1, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 6: For option 1 with X=2, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 7: For option 2, the occupied CPUs could be ,
·  ,where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement
· FFS: the specific value of 
Proposal 8: Support to introduce new CSI computation delay requirement for NC-JT CSI.
Proposal 9: Support to reuse Rel-15 two-part UCI structure for NCJT
Proposal 10: For option 1 with X=0, for UCI composition and structure, 
· 2RI, 1 or 2 CQI(s), 2 LI should be include into Part1;
· 2 PMIs (if required) should be include into Part2;
Proposal 11: For option 1 with X=1 or X=2, for UCI composition and structure,
· Some CSI information for single TRP, e.g., CRI/RI/CQI for the first CW, should be placed into Part 1;
· Some CSI information for single TRP, e.g., PMI, CQI for the second CW(if reported), and CSI information for NCJT should be placed into Part 2;
Proposal 12: For option 2, Study how to demonstrate the validity of CSI parameters for joint reporting in NC-JT.
Proposal 13: Support option 2, i.e., for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report two RIs, two PMIs, two LIs and two CQIs.
Proposal 14: For the port selection matrix W1, support polarization-common design.
Proposal 15: Confirm the working assumption that Mv>1 is a UE optional feature.
Proposal 16: For FD basis selection, support configuring a single window to the UE by RRC signaling.
Proposal 17: For FD basis selection, support selecting  components within a window if .
Proposal 18: Support Option 0: No further CSI-RS enhancement as the baseline.
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