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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes to study enhancements to the CSI measurement and reporting. The WID scope includes the following objectives on CSI enhancements:

	· Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking

· Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32



The WID has outlined two specific deployment scenarios for study: High Doppler, and Coherent Joint Transmission (C-JT). In the previous meeting [2], discussion continued on Objectives 1 and 4. In this contribution, we provide our views on Type-II codebook enhancements for these two scenarios. 

2. [bookmark: _Hlk101909975]BACKGROUND
For Rel-18, the WID is focused on CSI enhancements to the Type-II codebook. NR Rel-17 supports two types of codebooks, i.e., Type-I and Type-II codebooks. Type-I codebook is mainly designed for single-user multiple-input-multiple-output (SU-MIMO), whereas the motivation behind Type-II codebook is multi-user (MU-MIMO) operation. The structure of both codebooks, i.e., Type-I and Type-II codebooks in matrix form is as . For both codebooks, the wideband channel state information (CSI) is contained in the space domain (SD) matrix , whereas the subband CSI is captured in . NR supports two variants of the Type-II codebook that are supported in Rel-17. The first variant enables the UE to report multiple spatial basis vectors and linear combination coefficients from a set of quantized codebooks to approximate the channel matrix and can support up to two-layer transmissions. The second variant, an enhanced version of the Type-II codebook named Enhanced Type-II (eType-II) codebook, was introduced in Rel-16. In eType-II codebook, the maximum number of supported layers is increased to four. To prevent excessive growth of the UCI payload size, a frequency domain (FD) compression of  information is introduced.
However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of subbands. The issue is exacerbated with the Rel-18 scenarios as the number of reports increases with High Doppler as well as the number of TRPs in a C-JT.

3. HIGH DOPPLER ENHANCEMENTS
Rel-18 MIMO work aims at enhancing CSI for UEs moving with high/medium velocity. Particularly, Rel-18 aims at using time/Doppler domain (DD) information to assist downlink (DL) Type-II precoding. For a medium/high velocity scenario, the CSI application windows can be chosen such that the spatial domain (SD) basis and the frequency domain basis remains the same throughout the window, but the co-phasing coefficients changes several times. Assuming fixed SD and FD basis, with time varying co-phasing coefficients the existing precoder structure of Rel-16/17 changes from  to a time series of precoders, i.e., , where ,  is the number of component- precoding matrix indicators (PMIs). Since the payload size of a Type-II CSI report is dominated by , reporting a time-series of precoders, i.e.,  component PMIs with fixed  and  will generate a massive feedback overhead.

Channel quality indicator
	For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the  matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+–1) and the N4-th W2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the  matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+/2) and the (N4 /2)-th  matrix
FFS: Whether/how to include CQI overhead reduction for X=2 



Rel-18 high Doppler Type-II PMI has  component PMIs before Doppler domain compression and each component PMI is spread over  subbands before frequency domain compression. The number of CQIs in the reporting window under discussion is  as a basic feaure and  as an optional feaure. 
· Basic feature: A UE reports  CQI which is associated with the first slot of the reporting window (slot ) and the first of the  component PMIs/ matrices. This option has the lowest UE computational complexity because the UE computes a PMI based on a single slot. 
· Optional feature: A more capable UE may support the optional feature, in which the UE may report  or  CQIs. In the  CQI case, the CQI is associated with the first slot (slot ) and the last slot (slot ) of the reporting window, and the first of the  component PMI/ matrix and the last () component PMI/ matrix. The UE performs the measurement in two different slots and provides one CQI which represents an average CQI over the first and last component PMI/ matrices. It could achieve a higher throughput performance as compared to the  case of basic feature at the expense of UE CSI computation since the UE buffers measurements from two slots. In the  CQI, the 1st CQI is associated with the first slot (slot ) of the reporting window and the first component PMI/ matrix, and the 2nd CQI is associated with the middle slot (slot ) the reporting window and the  component PMI/ matrix. Compared to , it provides more information on the CQI’s variation over time since two different CQIs are reported. It could achieve a higher throughput performance as compared to the case of  in basic and optional features but requires higher CSI computation and overhead. 
In Rel-16, a UE reports one wideband CQI using four bits and one differential CQI per subband using two bits, generating an overhead of  bits, where  is the number of subbands. In the  CQI, a UE will report two wideband CQIs associated with two time-units (slot  and slot ) and one differential CQI per subband for the two time-units. This will result in an overhead of  bits, which is double the overhead of Rel-16. To reduce the overhead of CQI reporting, the wideband CQI for the first time-unit can be used as a reference for the second time-unit as the CQI variation over time is slow. This will reduce the overall CQI overhead to .

Observation 1: Reporting CQIs will double the overhead as compareded to Rel-16.

Proposal 1: Wideband CQI associated with slot l can be used as a reference for calculating differential CQIs at slot (l+).

Number and locations of non-zero coefficients (NZCs)
	For the Type-II codebook refinement for high/medium velocities, 
· The constraint on the maximum number of non-zero coefficients (NZCs) per-layer (K0) is defined jointly across all Q DD basis vectors.
· FFS: How  is calculated
· Also support a constraint on the total number of non-zero coefficients (NZCs) summed across all Q DD basis vectors and across all layers:
· Following the legacy specification, the maximum total number is 

For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e):
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively



The total number of coefficients per layer in a Rel-16 Type-II PMI is  before FD compression at the UE and after de-compression at the gNB. An upper bound on the number of NZCs per layer after FD compression in Rel-16 was defined as . Unlike Rel-16 Type-II PMI with one  matrix, Rel-18 PMI can have   matrices. Now, how to define an upper bound on the number of NZCs per layer for Rel-18 PMI? The above high-level agreement supports defining two constraints, one on the number of NZCs per layer and another on the number of NZCs across all layers. 
Firstly, a constraint on the number of NZCs per layer should be defined jointly across all   matrices. This will ensure that the dominant channel coefficients are properly captured across all  matrices. For instance, if a constraint on the number of NZCs is defined for each matrix, a UE will be forced to choose and report a certain number of channel coefficients for each of the  matrices. This may subject a UE into discarding a set of channel coefficients from reporting at one  matrix, which may be dominant as compared to the coefficients selected in another  matrix for reporting. Our view on the FFS for  caluclation is as follows. Rel-16 constraint  could be used to define the maximum number of NZCs per layer. However, the Rel-16 constraint may be too restrictive and the defined number of coefficients may not be a sufficient representation of the wireless channel. Rel-18 constraint could be defined as  or some new values of  could be introduced into Rel-16 constraint. Then, the maximum number of NZCs across all layers can be restricted as in Rel-16, i.e., . 

Observation 2: The number of NZCs per layer and all layers defined by Rel-16 constraint may not be a sufficient representation of the wireless channel experienced by a medium/high velocity UE.

Proposal 2: Support defining a new constraint on the number of NZCs for one layer and across all layers.

The second agreement from RAN1 # 111 summarizes different bitmaps proposed by companies for indicating the location of the non-zero coefficients of the PMI. In our view, locations of the NZCs is not necessarily the same for all Q Doppler-domain basis vectors. Therefore, for Q Doppler-domain basis, Q different 2-dimensional bitmaps are needed for reporting locations of the NZCs.
· Alt 1 is a straight-forward extension of the bitmap used in Rel-16 for location indication of non-zero coefficients of the PMI. 
· Alt 3A propose a 2-dimensional bitmap for indicating the locations of the non-zero coefficients of the PMI by first reporting  pairs of FD and DD basis and then SD locations of the non-zero coefficients.
· Alt 4 propose a bitmap structure where some of the SD and FD pairs are eliminated from the bitmap in Alt 1 for feedback reduction.
In our view, the bitmap structure in Alt 1 demands the highest overhead for reporting locations of the non-zero coefficients but is a simple and straight forward solution. The proposed 2-dimensional bitmaps in Alt 3A introduces additional specification impact, and does not always result in lower overhead as compared to Alt1. It can reduce feedback overhead as compared to Alt 1 only when the reported  number of FD and DD pairs satisfy . 
 
Observation 3: Extending the legacy design to Q different bitmaps is a simple solution for indicating locations of non-zero coefficients.

Proposal 3: Support Alt1, Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv.

CSI omission
	On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1.  
· Note: This implies that DD basis is designated the highest priority
· Alt2. 
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3.  
· Note: This implies that DD basis is designated the least priority
· Alt4. 
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
· FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m



Rel-16 uses the expression  for assigning priority value to the CSI coefficients for CSI omission, where  is the number of layers, ,  is the number of beams,  and  is a rule for mapping the FD basis, . Rel-18 adds another dimension, i.e., the DD basis  which need to be considered for CSI omission. Now, how to assign priority value to a CSI coefficient on a certain layer, beam/polarization, FD basis and DFT basis. Four alternatives are proposed as part of the above agreement and their priority orders along with the priority order of Rel-16 is as shown in Table 1.  
There are two issues that needs to be addressed. The first one is to downslect one of the four alternatives for CSI omission. Doppler-domain basis should be assigned a higher priority as compared to FD basis and SD basis because a  matrix with the strongest coefficient (SCI) may have a better overall channel as compared to the wireless channel across the remaing  matrices. 

Observation 4: A  matrix with SCI may have a better overall channel as compared to the remaining  matrices


Proposal 4: Support Alt1, Prio(λ,l,m,q)=2LQ RI P(m)+Q RI l+Q RI l+Q λ q.
Table 1. Rules for CSI omission and their priority orders
	
Alts
	

	Priority

	
	
	1st
	2nd
	3rd

	Alt 1
	
	   DD
	FD
	    SD

	Alt 2
	
	   FD
	DD
	    SD

	Alt 3
	
	   FD
	SD
	    DD

	Alt 4
	
	   SD
	DD
	    FD

	Rel-16
	
	   FD
	SD
	    N/A



The second issue is how to map the DD basis and the FD basis indices for priority assignment ( S(q) and P(m)). For Rel-18, the use of  and  number of DD basis is supported. When , a rule for mapping the DD basis indices, i.e.,  is not needed. When , the DD basis with the SCI should be assigned a higher priority as compared to the second DD basis. Therefore, the mapping rule  should map the DD basis indices according to the pattern [0, 1]. The mapping of FD basis for compression in Rel-16 denoted by  is determined with the pattern  rather than  so that the CSI omission prioirities are not assigned in descending order to contiguous FD basis but fairly distributed across the FD basis vectors. Therefore, in our view, Rel-16 mapping rule  should be re-used in Rel-18 for fair prioirities assignment to the FD basis vectors.

Observation 5:  For DD and FD basis, the following is observed
· A DD basis with SCI should be assigned a higher priority as compared to another DD basis vector.
· Rel-16 mapping rule is fair in terms of assigning CSI omission priorities.


Proposal 5: Support the following mapping rules for FD and DD basis for CSI omission
· For Q=2, S(q) maps the DD basis vectors with a pattern [0, 1], where DD 0 is the index of the DD basis with SCI.
· Re-use Rel-16 mapping rule for P(m). 

TDCP report
	For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported 
The value of Y is a UE capability

For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤  symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
FFS: Value of 

For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 



[bookmark: _Hlk131516728]In our understanding, the main motivation for TDCP report is to have a correct configuration of CSI process that corresponds to the time variation of the wireless channel, e.g., a TDCP report could assist a gNB with codebook determination and SRS periodicity. The TDCP is a quantized wideband normalized amplitude/phase of the time-domain correlation profile determined using one or more delays. To estimate quantized wideband normalized amplitude/phase of the time-domain correlation, it was agreed to support using  delay value, where Y denotes the number of supported lag values, and is time distance between the TRS bursts. From the proposed alternatives for support of Y>1 values, Alt1 and Alt2 seem quite similar, in the sense that they both are gNB configured. In either case, gNB can dictate the Y value as it fits a given UE. On the other hand, we do not see any compelling reason for Alt3, as it has been agreed that Y is based on UE capability. In our view, Alt2 seems a more reasonable solution, as it could result in some reduction in signaling configuration. 

Observation 6: Alt1 and Alt2 seem quite similar, in the sense that they both are gNB configured. In either case, gNB can dictate the Y value as it fits a given UE. In our view, Alt2 seems a more reasonable solution, as it could result in some reduction in signaling configuration.

Proposal 6: Support Alt2 where the value of Y follows the delays from the configured TRS resource. 

 Moreover, in our view, a UE is obliged to report TDCP, even if the accuracy of its measurement is erroneous and not reasonable due to low SNR, impairments, or the channel variations are fast enough and the estimated TDCP using the basic feature is not an accurate or sufficient measure of the variations in the wireless channel. Then, when the gNB receives the TDCP report, it will react to it without knowing whether the measurement is useful and reliable or not. On the other hand, a UE supporting optional feature, could be wasting computational resources and reporting with a higher overhead by estimating the TDCP with  delays when in reality the channel variations are not significant and estimating and reporting the TDCP using the basic feature may be sufficient. Therefore, from our perspective, TDCP could work efficiently if we define a UE behaviour for when the accuracy of TDCP measurement is not sufficiently high.
 
Observation 7: UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Proposal 7: RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

Therefore, some additional indication can be considered to help gNB assess the quality of TDCP report for CSI configuration and UE/gNB prediction. For instance, a UE can determine a confidence level (CL) of prediction or quality of prediction and report it as part of a TDCP report. The CL of prediction or quality of prediction can be determined by considering a measurement, comparing the predicted CSI and actual CSI measurement, etc.

Observation 8: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 

Proposal 8: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.

Another issue is to decide the priority of a CSI report associated with TDCP reporting. As per the high-level agreement, the priority of such a report can be lower than other CSI reports, same as CSI reports not carrying L1-RSRP / L1-SINR or higher than other CSI reports. In our view, TDCP is essential for proper configuration of the CSI process. Therefore, de-prioritizing a CSI report associated with TDCP reporting over another CSI report would result in limiting the capacity of a gNB to properly configure the CSI process and respond to the variations of the wireless channel. Therefore, in our view a CSI report associated with a TDCP reporting should be assigned a higher priority as compared to other CSI reports.

Observation 9: TDCP is essential for proper configuration of the CSI process.

Proposal 9: Support Alt3. higher than other CSI reports

4. C-JT ENHANCEMENTS
FD basis selection
	On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources.
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources



Rel-18 Type-II CJT codebook supports two modes of operation. In Mode 1, the FD basis selection is done  per TRP/TRP-group. In Mode 2, the FD basis is jointly selected across the TRPs/TRP-groups. There are two alternatives under discussion on how to perform the  FD basis selection in Mode 1.
· In Alt 1, one  is commonly selected across N CSI-RS resources, and the FD basis  for the  CSI-RS resource is generated as a function of  and a phase offset . The phase offset  can be chosen relative to a reference CSI-RS resources, e.g., a CSI-RS resource with the strongest coefficient. The overhead of reporting the set of FD basis  for  CSI-RS resources is equal to the overhead of reporting  for each CSI-RS resource and the overhead of reporting a common  for all CSI-RS resources.
· In Alt 2, the FD basis  are independently selected across  CSI-RS resources without the phase shifts, i.e., Alt 2 precludes the use of a FD basis selection offset for a CSI-RS resource relative to a reference CSI-RS resource. The overhead of reporting the FD basis as per Alt 1 is less than Alt 2. 

Alt 2 may provide better compression of the PMI as compared to Alt 1 due to the independent selection of  across  CSI-RS resources. However, the feedback overhead of reporting the FD basis as per Alt 2 is higher than the feedback overhead in Alt 1. The CJT channel consists of one aggregated channel received from multiple TRPs, so in our view one  captures most of the compression for the aggregated channel, and the phase offsets are reported to do secondary adjustments per TRP. Alt 1 seems a straight-forward and simple solution for generating and reporting FD basis and offers a better tradeoff between feedback overhead and performance.
Observation 10: Overall feedback overhead of a CJT PMI depends on the FD basis being commonly or independently selected across the CSI-RS resources. 

Proposal 10: Support Alt1, where per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources is used.

CSI omission
	On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1.  
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. 
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L denotes the max value of Ln from all selected N CSI-RS resources
· FFS:  maps the index n according to a rule, e.g., , or  if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: 
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m



In Rel-16 FD is prioritized over SD for CSI omission. Rel-18 CJT introduces a new dimension, i.e., TRP/TRP-group index to the CSI omission problem.  Now, the issue is whether to prioritize TRP domain over FD and SD or de-prioritize TRP domain over FD and SD for CSI omission. In CJT, a UE can experience different wireless channels from different TRPs. A UE may experience a better overall channel from the strongest TRP/SCI. Therefore, it makes sense to prioritize CSI on the strongest TRP/SCI over the CSI of other TRPs. 

Observation 11: Prioritize CSI corresponding to the strongest TRP/SCI since it corresponds to the strongest channel.

Proposal 11: Support Alt1 . 

Codebook parameters
	On the Type-II codebook refinement for high/medium velocities based on Rel-16 regular eType-II codebook (if supported), for the purpose of choosing the supported Parameter Combinations 
· Regarding the codebook parameter pv, in addition to the supported values from the legacy specification, introduce as additional candidate values
· pv =1/8 for v=1,2 (hence 1/16 for v=3,4)
· pv =1/2 for v=1,2,3,4 
· Regarding the codebook parameter , in addition to the supported values from the legacy specification, introduce as an additional candidate value 
· Regarding the codebook parameter L, the supported values from the legacy specification apply.


	
The codebook parameter  is used to define a constraint on the number of NZCs per layer. For CJT with N CSI-RS resources, the use of  reduces the feedback overhead of reporting a CJT PMIs. 	The parameter pv is used to determines the number of FD basis units for compression. To limit the increase in CJT PMI overhead, a smaller value of pv (especially for a larger number of layer, e.g., ) can be introduced. Using pv=1/2 can increase the overhead of CJT PMI reporting especially when .

Observation 12: Smaller values of codebook parameters pv help to limit the overhead of CJT PMI reporting.


Proposal 12: Do not introduce  for .

5. CONCLUSION
In this contributions, we provided our views regarding CSI enhancements for Rel-18 MIMO. Based on the presented discussion, we make the following observations and proposals.

CSI Enhancement for High Doppler

Observation 1: Reporting CQIs will double the overhead as compareded to Rel-16.

Observation 2: The number of NZCs per layer and all layers defined by Rel-16 constraint may not be a sufficient representation of the wireless channel experienced by a medium/high velocity UE.

Observation 3: Extending the legacy design to Q different bitmaps is a simple solution for indicating locations of non-zero coefficients.

Observation 4: A  matrix with SCI may have a better overall channel as compared to the remaining  matrices

Observation 5:  For DD and FD basis, the following is observed
· A DD basis with SCI should be assigned a higher priority as compared to another DD basis vector.
· Rel-16 mapping rule is fair in terms of assigning CSI omission priorities.

Observation 6: Alt1 and Alt2 seem quite similar, in the sense that they both are gNB configured. In either case, gNB can dictate the Y value as it fits a given UE. In our view, Alt2 seems a more reasonable solution, as it could result in some reduction in signaling configuration.

Observation 7: UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Observation 8: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 

Observation 9: TDCP is essential for proper configuration of the CSI process.

Proposal 1: Wideband CQI associated with slot l can be used as a reference for calculating differential CQIs at slot (l+).

Proposal 2: Support defining a new constraint on the number of NZCs for one layer and across all layers.

Proposal 3: Support Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv.

Proposal 4: Support Alt1, Prio(λ,l,m,q)=2LQ RI P(m)+Q RI l+Q RI l+Q λ q.

Proposal 5: Support the following mapping rules for FD and DD basis for CSI omission
· For Q=2, S(q) maps the DD basis vectors with a pattern [0, 1], where DD 0 is the index of the DD basis with SCI.
· Re-use Rel-16 mapping rule for P(m). 
 
Proposal 6: Support Alt2 where the value of Y follows the delays from the configured TRS resource. 

Proposal 7: RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

Proposal 8: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.

Proposal 9: Support Alt3, higher than other CSI reports.

CSI Enhancement for CJT

Observation 10: Overall feedback overhead of a CJT PMI depends on the FD basis being commonly or independently selected across the CSI-RS resources. 

Observation 11: Prioritize CSI corresponding to the strongest TRP/SCI.

Observation 12: Smaller values of codebook parameter pv help to limit the overhead of CJT PMI reporting.

Proposal 10: Support Alt1, wherw per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources is used.

Proposal 11: Support Alt1, . 

Proposal 12: Do not introduce  for .
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