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Introduction
In this contribution, we provide our view on CSI reporting enhancements, time domain channel property (TDCP) reporting for high/medium UE velocities, and CSI acquisition enhancements for coherent joint transmission (CJT).
CSI reporting enhancement for high/medium UE velocities
Views on the remaining issue of Type-II codebook with Doppler domain basis enhancement
Work scope of Type-II codebook refinement
The following agreement on whether to prioritize or down-select from Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook was achieved in the RAN1#109-e meeting [1]. 
	Agreement
[bookmark: _Hlk104410831]The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two


The codebook refinement based on both codebook types can be used to improve system performance or reduce feedback overhead for high/medium UE velocities. However, if Rel-17 Type II codebook is supported to refine for high/medium velocities, additional spec workload is required. At current stage, we prefer to codebook refinement based on Rel-16 eType-II regular codebook with high priority. If there are still available 3GPP TU for this topic, we are open to study codebook refinement based on Rel-17 FeType-II PS codebook.
Proposal 1: The refinement based on Rel-16 eType-II regular codebook is adopted with high priority for high/medium velocities.  
Doppler domain basis design
In the last meeting [2], the following agreements on Doppler domain (DD) basis design were achieved. 
	Agreement
For the Type-II codebook refinement for high/medium velocities, the selection of DD basis vectors is layer-specific
· The number of selected DD basis vector (denoted as Q) is layer-common 

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, if multiple candidates of Q value are supported, the value of Q is gNB-configured via higher-layer (RRC) signalling
Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, study the supported values for Q from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· Alt1. Q is determined as a function of N4, e.g., Q=2 for N4=2, and Q=ceil(N4/2) for N4>2
· Alt2. Q is selected from multiple candidate values, e.g., {2, 3, 4, …,} (or a subset thereof, e.g. {2, 3}), the maximum value is FFS
· Alt3. Only single value is supported, e.g. Q=2 only or Q=4 only

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, down-select from the following alternatives (by RAN1#111) for the orthogonal DFT DD basis:
· Alt1. No rotation factor
· Alt2. A rotation factor is selected for each SD basis vector
· FFS: Supported values of rotation factor
Note: At least two companies opine that Alt2 is not aligned either with the agreement in RAN1#110bis-e or WID objective #1

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support the following codebook structure where N4 is gNB-configured via higher-layer signaling:
· For N4=1, Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy , , and , e.g. 
· For N4>1, Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , e.g. 
· Only Q (denoting the number of selected DD basis vectors) >1 is allowed
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· FFS: Whether Q is RRC-configured or reported by the UE
Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy specification
FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.


But there are two remaining issues to address. One is the number of DD basis. The other one is whether needs rotation factor for DD basis. If needed, the rotation factor of DD basis is identical or different for different SD components. 
In our view, the number of DD basis Q can be designed as the function of the length of DD basis N4, i.e., Q=, where q. Notice that the overhead will be significantly increased if large Q value is supported. If there is no obvious performance improvement for the large Q value. This results worse tradeoff between performance and overhead. From this perspective, the following offline proposal is given through offline discussion.
Offline proposal 2.C.1: For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding the parameter Q, at least Q=2 is supported. 
· FFS: Whether Q=3 and/or Q=4 are also supported as other candidate value(s) 
Since only Q>1 is allowed for DD compression according to the above agreement, at least Q=2 should be supported. If Q=3 or 4 can still achieve better tradeoff between performance and overhead, the two Q values can be supported as well.
Proposal 2: The number of DD basis should be determinate based on the tradeoff between performance and overhead. 
It has been agreed that DD basis is commonly selected for all SD/FD bases when N4>1. Assume rotation factors is introduced for DD basis, and the DD basis is identical for different SD components. The computation expression of precoder can be written as , where , denotes the rotation factor. According to this expression, it can be regarded that the calculated precoder at different instance and different frequency domain unit are shifted with the same phases, which does not have impact on performance. Thus, it is not necessary to introduce rotation for DD basis if DD basis is identical for different SD component. However, if DD basis is different for different SD components, the rotation factor can be used to capture the accurate DD information for each SD component. Therefore, the performance may be improved for DD basis with different rotation factor corresponding to different SD component. Accordingly, the indication overhead of DD basis is increased.
Observation 1: If DD basis is identical for all SD component, the introduced rotation factor does not have impact on system performance since the rotation for DD basis is equal to that same phase shift at different instance and frequency domain unit.
Proposal 3: Whether support introducing rotation factor for DD basis depends on the tradeoff between performance and overhead. If the rotation factor for DD basis is introduced, the rotation factor should be different for different SD components.
Codebook parameters
According to offline discussion on codebook refinement for high/medium velocities, the codebook parameters on the length of DFT vector N4, DD compression unit d, the number of AP-CSI-RS resources for the channel measurement resource (CMR) K and offset between two AP-CSI-RS resources for the CMR m should be determinate. In the following, we provide our views on them, respectively.
It has agreed that the value N4 is configured by gNB via higher-layer signaling, and the value of Q should be larger than one when N4 [2]. This implies that Q=2 when N4. For such case, there is no Doppler domain compression gain. Therefore, the benefit of N4 is not clear. In order to obtain Doppler domain compression gain, we suggest the value of N4 should be larger than two.
Observation 2: There is no Doppler domain compression gain when N4.
The following proposal on the length of DFT vector N4 was provided according to offline discussion.
Offline proposal 2.C.4: For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {1, 2, 4} 
· FFS: If additional candidate value(s) of N4 are supported, e.g. 3, 5, 8, 10, 16, 32
In our view, the parameter N4 should be associated with the UE’s mobility speed, since different mobility speeds determine the time-domain channel variation. For example, the channel variation is quite slow for low speed UE, large N4 value can be configured to obtain more Doppler domain compression gain. Otherwise, small N4 value should be configured. Thus, we suggest more candidate values, e.g., 3, 4, 5, 8, 10, 16, 32 can be supported to be adaptive for different mobility speeds except N4 =1. If the difference of two candidate values is not too large, e.g., N4 =3, 4 or 5, there may be no much performance difference as well.  So, it is sufficient that one value, e.g., N4 = 4 is reserved.
Proposal 4: More candidate values, e.g., 4, 8, 10, 16, 32 can be considered to be adaptive for different mobility speeds.
According to offline discussion, the following proposals and conclusion on the compression unit were given.
Offline proposal 2.C.5: For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· Support at least the following candidate value:  
· If the configured CMR is P or SP-CSI-RS, this candidate value is the periodicity of the CSI-RS,
· If the configured CMR is AP-CSI-RS, this candidate value is the configured value of m parameter
· FFS: Whether additional candidate value(s) of d are supported, e.g. d<m, d>m, and/or d=1 only 
Offline conclusion 2.B.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, there is no consensus on applying DD unit for CQI. Therefore, DD unit (of size d slots) is applied only to PMI.
· Note: This conclusion has no impact on the number of CQIs included in one CSI reporting instance (a separate issue to be decided separately)
Offline proposal 2.B.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). 
· TBD (by RAN1#111): The time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) included in a CSI report X 
In order to obtain Doppler information, the periodicity of P/SP CSI-RS or the duration of two adjacent AP CSI-RS should be configured with a suitable value so that the channel within a periodicity or duration is invariable. Accordingly, the calculated PMI in the periodicity or duration will be similar. Therefore, the DD compression unit can be set as the periodicity or duration of CSI-RS resource. Since the variation of CQI is slower than that of PMI, it is not necessary that CQI calculation is associated with DD compression unit d. If CQI is calculated for each compression unit, the calculation complexity and feedback overhead may be unaffordable for UE. The value of m can be configured as 1, which will be discussed in the following, if d=m, it has included d=1. The motivation of d>m or d<m is not clear. 
Proposal 5: Doppler domain compression unit is only associated with PMI calculation, and the candidate value is only equal to the periodicity of the periodic/semi-persistent CSI-RS resource or duration of two adjacent aperiodic CSI-RS resource.
The following offline proposal on the number of AP CSI-RS resources was provided after offline discussion. 
Offline proposal 2.C.6: For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 8}
· FFS: If additional candidate value(s) of K are supported, e.g. 5, 12, 16
The motivation of the K AP CSI-RS resources is used to predict the channel of the future instance, such that the Doppler information can be captured to compress time domain channel information. The value of K is associated with the accuracy of predication channel. I.e., larger value of K can lead to higher channel prediction accuracy. However, the overhead of CSI-RS resource is increased as well.  
Proposal 6: Channel prediction accuracy and the overhead of CSI-RS resource should be considered to determine the value of K.
The following offline proposal on the offset m between two AP CSI-RS resources was provided after offline discussion. 
Offline proposal 2.C.7: For the Type-II codebook refinement for high/medium velocities, the parameter m (offset between two AP-CSI-RS resources for the CMR, in slots) is gNB-configured via higher-layer (RRC) signalling from the following set of candidate values: {1, 2}
· FFS: Whether 4, 5, 8, 12, and/or 16 are also supported as other candidate value(s)
In current specification, the periodicity of P/SP CSI-RS resource can be configured as 4, 5, 8,10, 16 and so on. If m=4, 5, 8 or 16 is required, one P/SP CSI-RS resource with periodicity can satisfy the requirement. Since the periodicity of P/SP resource can be configured as 10, this value is close to m=12. Therefore, it is not necessary to set candidate values of m as 4, 5 ,8, 12 or 16.
Proposal 7: It is sufficient that the offset between two AP CSI-RS resources only m = {1,2} is supported.
Non-zero coefficients of combination coefficient matrix 
In the last meeting, the following agreement on the non-zero coefficients (NZC) of combination coefficients was achieved [2]. Two alternatives were provided to used for indication of NZC.
	Agreement
For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1. Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used
· This implies that for each layer, the location of NZCs in SD-FD is common across all the Q selected DD basis vectors
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector


Alt 1 reuses the legacy method to indicate the location of NZC. But the indication overhead will be significantly increased if larger value of Q is supported. The total indication overhead of Alt 1 is Q, where  is the number of the selected SD basis,  is the number of the selected FD basis for rank v. Alt 2 can alleviate the indication overhead of NZC by using a DD-basis-common bitmap, which make the total indication overhead is . Considering the location of NZC for different DD basis may be different, some dominated coefficients may be dropped by using Alt2, which will degrade system performance. In order to reduce the indication overhead of NZC without performance loss, we propose  bits are used to indicate the location of NZC, where  denotes the number of the selected FD-DD basis pairs, and the selected FD-DD basis pairs can be indicated through  bits. The indication method of the selected FD basis and DD basis for our proposed approach is same to Alt1. Therefore, the total overhead is . The value of  can be configured as . Then, the total overhead is  which is still smaller than Q.
Proposal 8: bits are used to indicate the location of NZC, where  denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs. The value of  can be equal to  or to be decided.
Assume total  NZCs for each layer are reported by UE. In order to make UE freely select these coefficients from Q combination coefficients, the number of NZCs should be upper bounded across all DD basis vectors. The number of NZCs can be set as  for each layer as legacy design, where .
Proposal 9: The number of non-zero coefficients equaling to  is regarded as a starting point, where .
Views on CSI calculation and CSI reporting 
As discussed in subsection 2.1.3, the PMI keeps invariant in a compression unit. PMIs in different compression units are different due to channel variation. Accordingly, the CQI will also be changed as both PMI and downlink channel varies, even though the variation of CQI is slower than that of PMI. If only one CQI is reported to gNB in the CSI reporting window, the system performance may be degraded due to mismatch between CQI and downlink channel. Therefore, multiple CQI should be reported in a CSI reporting instance. 
Proposal 10: Multiple CQI corresponding to different instances should be supported in a single CSI reporting instance.
One question is how to define the time instance of calculating CQI.  Assume that X>1 CQI  are reported in a CSI reporting window . For simplicity, we suggest that the instance of calculating CQI is defined as , where , l denotes the boundary of CSI reporting window . This definition means that the CSI reporting window is uniformly divided into X parts, as shown in Figure 1. The red and blue lines show the three instances of calculating CQI. 


Figure 1. The illustration of three instances of calculating CQI
Proposal 11: When N4>1,   >1 CQI need to be calculated and reported at , where , l denotes the boundary of CSI reporting window ,   is the number of calculated CQI at different instances.
In the RAN1#110bis-e meeting and offline discussion, the following agreements and offline proposals on the length of CSI reporting window WCSI and value(s) for δ which determines CSI reporting instance were provided. 
	Agreement
[bookmark: _Hlk118743794]On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· [bookmark: _Hlk117515732]δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· [bookmark: _Hlk117515792]WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied

Offline proposal 2.C.3: For the Type-II codebook refinement for high/medium velocities, the parameter WCSI (in slots) is determined as follows: WCSI = dN4

Offline proposal 2.C.2: For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· One additional non-zero value
· FFS: the non-zero value, to be selected from 1, 2, 3, 4, 5, 6, and 8 



When N4 =1, the length of CSI reporting window is only equal to one. When N4 >1, it is straightforward WCSI = dN4 since the compression unit is d and N4 is the length of DD basis which is used to calculate PMI. Notice that both d and N4 can be configured by gNB via high-layer signaling. According to discussion on the parameter d, the value of d is equal to m whose candidate value includes 1. Therefore, it is uniform that WCSI = dN4.
Proposal 12: The length of CSI reporting window is defined as WCSI = dN4.
The values of δ is used to determine the starting point of CSI reporting window. Assume that the length of CSI reporting window WCSI  is fixed, the value of δ=0 helps to improve the accuracy of PMI calculation since UE adopts much more accurate prediction channel which are close to measurement channel when δ=0 to calculate PMI.  Otherwise, the accuracy of PMI calculation become worse when δ>0 as the accuracy of predicted channel become worse. The reason is that the predict channel is far away the measurement channel. This results that system performance is degraded. Therefore, at least δ=0 should be supported. When N4 =1 and WCSI =1, only one PMI is reported in a CSI reporting window. In order to make gNB adopt the accurate predicated PMI, it is reasonable that the value of  is larger than zero. In our view, an additional value of  is sufficient. 
Proposal 13: At least δ=0 is supported. An additional  can be considered to allow gNB adopting the reporting CSI after n+.
TDCP reporting for high/medium UE velocities
The agreements on TDCP parameters and TDCP reporting formats were achieved in the RAN1#110bis-e meeting as follows.  
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on quantized amplitude of time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
Note: Different alternatives may or may not apply to different use cases  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signaled with respect to each alternative

Conclusion
For the Rel-18 TRS-based TDCP reporting, there is no consensus in supporting periodic, semi-persistent, and event-triggered/UE-initiated TDCP reporting.

Conclusion
For the Rel-18 TRS-based TDCP reporting, the description in the 2nd and 3rd columns of Table 1 in R1-2210523 (“what to report” and “how to calculate”, respectively) will be used as a reference for further evaluation and down selection in RAN1#111, with the following edit (underlined and yellow highlighted):
· Scheme B column 2: “Amplitude  vs. delay value , e.g. Non-zero quantized version of amplitude  for a number of delay values t (quantized amplitude vs delay) ….”


For FDD systems, Rel-16/17 Type-II book is refined by utilizing the Doppler domain correlation. In order to capture the Doppler information, the periodicity of P/SP CSI-RS resources or the offset of two adjacent AP CSI-RS resources should be configurated with reasonable value. For example, the interval of adjacent CSI-RS transmission should be less than 1/2fd in order to satisfy the sample theorem, where fd denotes the maximum Doppler shift. Otherwise, the Doppler information cannot be accurately captured, which degrades the accuracy of predicted CSI. The maximum Doppler shift depends on Doppler spread which shows the variation of channel. The periodicity of P/SP CSI-RS resources or the offset of two adjacent AP CSI-RS resources are associate with Doppler spread. Thus, Doppler spread should be reported to gNB.
The high-resolution Doppler shift and delay can be directly measured through TRS due to its special design of time-frequency density. The Doppler shifts of multiple propagation paths and delay information of each path can be obtained through power delay profile (PDP) estimation. For TDD systems, assume that gNB estimates the uplink channel through received SRS. gNB can also obtain the delay information of each path by PDP estimation. For each path, the delay information of uplink and downlink channel is not variable.   Such criterion can be used to predict the downlink channel of future instance by gNB, assume that the relative Doppler shifts of dominant propagation paths are reported by UE. 
Proposal 14: For FDD system, Doppler spread should be reported to assist gNB configuring the periodic for P/SP CSI-RS resource or the offset between two adjacent AP CSI-RS resources. For TDD system, the relative Doppler shifts should be reported to assist gNB predicting the future CSI in TDD system.
CSI acquisition enhancement for coherent joint transmission (CJT)
CMR configuration for CJT
And for NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for mTRP CJT, following agreements are archived in RAN1-109 e-meeting [1] and RAN1-110 meeting [2].
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).
For CMR configuration of mTRP CJT, there are also two alternatives. Alt 1 is to reuse the CMR configuration mechanism for mTRP NCJT in R17. It means that 4 CMR groups will be configured to UE with each group corresponding to each TRP. For example, in each group, the number of CMR is .
· Group#1: CMR#0, #1, ……#-1
· Group#2: CMR#, # +1, ……#+-1
· Group#3: CMR#+, # ++1, ……#++-1
· Group#4: CMR#++, # +++1, ……#+++-1
Then the CMR for S-TRP, 2TRP CJT, 3TRP CJT and 4TRP CJT will be selected from these four groups. 
· For 4TRP CJT:
· The number of CMR combinations is .
· Each combination contains 4 CMRs with one CMR from each group.
· There is at least one different CMR for any two CMR combinations.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 4TRP CJT, the bit size of CRI is .
· For 3TRP CJT:
· The number of CMR combinations is .
· Each combination contains 3 CMRs with one CMR from each group of any three groups. If CMR for 4TRP CJT can be shared with 3TRP CJT, each combination of 3TRP CJT can select any CMR in each group. Else, the CMR selected for 4TRP CJT cannot be selected for 3TRP CJT.
· There is at least one different CMR for any two CMR combinations.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 3TRP CJT, the bit size of CRI is .
· For 2TRP CJT:
· The number of CMR combinations is .
· Each combination contains 2 CMRs with one CMR from each group of any two groups. If CMR for 4TRP/3TRP CJT can be shared with 2TRP CJT, each combination of 2TRP CJT can select any CMR in each group. Else, the CMR selected for 4TRP/3TRP CJT cannot be selected for 2TRP CJT.
· There is at least one different CMR for any two CMR combinations.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 2TRP CJT, the bit size of CRI is .
· For S-TRP transmission:
· If only one CSI will be feedback for S-TRP, the bit size of CRI is .
· If one CSI will be feedback for S-TRP for each TRP, the bit size of CRI is + ++ .
· Note:
· If CMR for 4TRP/3TRP/2TRP CJT can be shared with S-TRP transmission, .
· Else, , Since the CMR for CJT cannot be selected for S-TRP transmission.
With Alt 1, the signaling overhead for CMR configuration is low. While for Alt 2, in which the CMR for each transmission hypothesis will be configured separately and clearly. For example:
· For 4TRP CJT:
· The number of CMR combinations is .
· CMR combination #i:  CMR #, CMR#, CMR#, CMR#
· ……
· gNB need to configure CMR of each CMR combinations explicitly and there is at least one different CMR for each two CMR combinations.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 4TRP CJT, the bit size of CRI is .
· For 3TRP CJT:
· The number of CMR combinations is .
· CMR combination #j:  CMR #, CMR#, CMR#
· ……
· gNB need to configure CMR of each CMR combinations explicitly and there is at least one different CMR for each two CMR combinations. If there is a CMR configured for 4TRP CJT also configured for 3TRP CJT, it means shared CMR is allowed.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 3TRP CJT, the bit size of CRI is .
· For 2TRP CJT:
· The number of CMR combinations is .
· CMR combination #k:  CMR #, CMR#
· ……
· gNB need to configure CMR of each CMR combinations explicitly and there is at least one different CMR for each two CMR combinations. If there is a CMR configured for 4TRP/3TRP CJT also configured for 2TRP CJT, it means shared CMR is allowed.
· Each CMR combination maps to one different CRI value. If only one CSI will be feedback for 2TRP CJT, the bit size of CRI is .
· For S-TRP:
· For each TRP,  CMR will be configured. 
· If only one CSI will be feedback for S-TRP, the bit size of CRI is .
· If one CSI will be feedback for S-TRP for each TRP, the bit size of CRI is + ++ .
· gNB need to configure CMRs for S-TRP explicitly. If there is a CMR configured for 4TRP/3TRP/2TRP CJT also configured for S-TRP, it means shared CMR is allowed.
From the analysis above, we can see that the bit size for CRI is same for Alt 1 and Alt 2. The difference is the signaling overhead for CMR configuration. Thus, for CMR configuration we suggest to consider down select from Alt 1 and Alt 2.
Proposal 15: For CMR configuration, suggest to down select from following two alternatives.
· Alt 1: Configure up to 4 CMR groups with one CMR group for each TRP, and CMR for 4TRP/3TRP/2TRP CJT and S-TRP are selected from the 4 CMR groups.
· Alt 2: Explicitly configure CMR(s) for 4TRP/3TRP/2TRP CJT and S-TRP separately. 
Codebook refinement
SD/FD basis report
As for the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, following agreements are archived in RAN1- 110b e-meeting [3]. 
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select from the following alternatives (RAN1#110bis-e) on the L parameter:
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. gNB configures a common L parameter for all N CSI-RS resources via higher-layer signaling
FFS: Study on additional optimization for collocated multi-panel scenario
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the L parameter:
· Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE, one L configured and {Ln} determined from configured L
· FFS: The value of Ln is taken from a pre-defined set
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the following alternatives (by RAN1#111):
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
· Alt2.  where Ltot is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· TBD: Whether for a given configured value of Ltot, the possible combinations of {Ln, n=1, ..., N} are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported 
· FFS: The candidate values for Ln
· Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {Ln, n=1, ..., N} are determined from the value of L 
· TBD: How to determine {Ln, n=1, ..., N} from L, e.g. L1=L and other Ln = L/2
· FFS: The candidate values for L
· Alt4. Lmax is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that 
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported
· FFS: The candidate values for Ln

From our point of view, Alt 4 is almost same as Alt 2, high UE complexity will be introduced since UE need to consider multiple combinations for selecting the best one combination. And if the value of Alt 4 is reported by non-zero coefficient implicitly, the complexity and signaling overhead is almost same as Alt 2. Else, the complexity and signaling overhead of Alt 4 will be higher than Alt 2. While for Alt 3, there will be strict restriction on the number of beams for each TRP, which will reduce the flexibility and the system performance. Thus we prefer Alt 1.  
Proposal 16: For the number of SD basis per TRP, support Alt 1, i.e., Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling. 
As for the detail of FD basis selection indictor, different mechanism is used for the value of   or not. For  and eType II codebook, UE always select the first vector and indicate the other  basis. However, for mode 1, the codebook structure includes multiple TRPs. If UE still always select the first vector by phase shift for each TRP/TRP group, there will be multiple phase shift to be reported. Or, the calculated PMI by using the codebook structure will be not accurate.  Notice that only one phase shift does not have impact on system performance. For a reference TRP/TRP group, UE still report other  basis and the first vector is always selected.  While M FD bases are selected for other cooperating TRP. It can be further discussed which TRP/TRP group is regarded as a reference. For mode 2, FD basis can be selected and indicated as the legacy eType II codebook.
When , two step mechanism is used for FD basis selection. First a window with length as  is configured by gNB, where  is the number of selected FD basis. While for FD basis reporting, UE need to indicate the  first and then report the other  FD basis. Then for mTRP CJT, if up to 4 TRP will be supported, these mechanisms for both   and should be reused.
For , the discussion on how to indicate the other  basis is necessary. While for , in addition to the indication of the other  basis, it also need to discuss how to indicate the . For mode 1, per TRP/TRP group FD basis is used, thus the FD basis selection indication should be per TRP/TRP group. In this case, both the  and the other  basis should be indicated per TRP/TRP group. And both the absolute value and the relative offset can be considered. For example, for the  , relative offset can be indicated respect to a reference TRP.  While for other  basis, the same FD basis among all TRPs can be indicated first and then the different FD basis for each TRP in addition to the same FD basis will be indicated separately.  
Proposal 17: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Non-zero coefficient
As for the non-zero coefficient bitmap, following agreements are archived in RAN1- 110b e-meeting [3]
Agreement
On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), for each layer, support separate bitmap per each CSI-RS resource 
· Total size =  where  is the bitmap size for CSI-RS resource n
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Depending on the outcome of other issues, whether  or  
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, down-select from the following alternatives for the size of the bitmap for CSI-RS resource n (Bn) (by RAN1#111):
· Alt1. Analogous to legacy,  ( for mode 2)
· Alt2. Non-rectangular bitmap, i.e., NZC bitmap allowing different lengths for different SD/FD basis vectors.
· TBD: How to determine the lengths for different SD/FD basis vectors

As for the size of the bitmap for non-zero coefficients for CSI-RS resource, we prefer to reuse the mechanism in legacy system. So we support Alt 1.
Proposal 18: For the size of the bitmap for non-zero coefficients for CSI-RS resource, support Alt 1, i.e., Analogous to legacy.
Enhancement on W2 
As for the W2 enhancement, following agreements are archived in RAN1-110b e-meeting.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer: 
· One (common) SCI applies across all N CSI-RS resources
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook


For the non-zero coefficients (NZC) quantization, Alt 1 needs only one SCI whose phase and amplitude is unnecessary to be reported, which can reduce the UCI payload. But the accuracy will be reduced if the phase gap or amplitude gap between different TRPs is large. Compared to Alt 1, Alt 3 need to report 2N-2 reference amplitude with high accuracy if the amplitude gap between TRPs is large. Thus we prefer to confirm the working assumption to support Alt 3.
Proposal 19：Support to confirm the working assumption.  
· Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
Conclusion
In this contribution, we provide our view on the CSI enhancement for high/medium UE velocities, TDCP reporting and mTRP CJT. The following proposals and observations on CSI enhancement are provided.
CSI reporting enhancement for high/medium UE velocities
Observation 1: If DD basis is identical for all SD component, the introduced rotation factor does not have impact on system performance since the rotation for DD basis is equal to that same phase shift at different instance and frequency domain unit.
Observation 2: There is no Doppler domain compression gain when N4.
[bookmark: _GoBack]
Proposal 1: The refinement based on Rel-16 eType-II regular codebook is adopted with high priority for high/medium velocities.  
Proposal 2: The number of DD basis should be determinate based on the tradeoff between performance and overhead. 
Proposal 3: Whether support introducing rotation factor for DD basis depends on the tradeoff between performance and overhead. If the rotation factor for DD basis is introduced, the rotation factor should be different for different SD components.
Proposal 4: More candidate values, e.g., 4, 8, 10, 16, 32 can be considered to be adaptive for different mobility speeds.
Proposal 5: Doppler domain compression unit is only associated with PMI calculation, and the candidate value is only equal to the periodicity of the periodic/semi-persistent CSI-RS resource or duration of two adjacent aperiodic CSI-RS resource.
Proposal 6: Channel prediction accuracy and the overhead of CSI-RS resource should be considered to determine the value of K.
Proposal 7: It is sufficient that the offset between two AP CSI-RS resources only m = {1,2} is supported.
Proposal 8: bits are used to indicate the location of NZC, where  denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs. The value of  can be equal to  or to be decided.
Proposal 9: The number of non-zero coefficients equaling to  is regarded as a starting point, where .
Proposal 10: Multiple CQI corresponding to different instances should be supported in a single CSI reporting instance.
Proposal 11: When N4>1,   >1 CQI need to be calculated and reported at , where , l denotes the boundary of CSI reporting window ,   is the number of calculated CQI at different instances.
Proposal 12: The length of CSI reporting window is defined as WCSI = dN4.
Proposal 13: At least δ=0 is supported. An additional  can be considered to allow gNB adopting the reporting CSI after n+.

TDCP reporting for high/medium UE velocities
Proposal 14: For FDD system, Doppler spread should be reported to assist gNB configuring the periodic for P/SP CSI-RS resource or the offset between two adjacent AP CSI-RS resources. For TDD system, the relative Doppler shifts should be reported to assist gNB predicting the future CSI in TDD system.

CSI acquisition enhancement for coherent joint transmission (CJT)
Proposal 15: For CMR configuration, suggest to down select from following two alternatives.
· Alt 1: Configure up to 4 CMR groups with one CMR group for each TRP, and CMR for 4TRP/3TRP/2TRP CJT and S-TRP are selected from the 4 CMR groups.
· Alt 2: Explicitly configure CMR(s) for 4TRP/3TRP/2TRP CJT and S-TRP separately. 
Proposal 16: For the number of SD basis per TRP, support Alt 1, i.e., Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling. 
Proposal 17: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Proposal 18: For the size of the bitmap for non-zero coefficients for CSI-RS resource, support Alt 1, i.e., Analogous to legacy.
Proposal 19：Support to confirm the working assumption.  
· Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
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