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Introduction
In this contribution, CSI reporting enhancements and time domain channel property (TDCP) reporting for high/medium UE velocities, and CSI acquisition enhancements for coherent joint transmission (CJT) are respectively discussed.
CSI reporting enhancement for high/medium UE velocities
Discussion on codebook structure and TD/DD basis design
Codebook structure design
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 were achieved in the last 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 type can be used to improve system performance or reduce feedback overhead for high/medium UE velocities. However, if they are simultaneously supported for specification, the workload may be double. At current stage, we prefer to codebook refinement based on Rel-16 eType-II regular codebook, such that we can see how much gain can be obtained. If there are still available 3GPP TU for this topic, we can also support to study codebook refinement based on Rel-17 FeType-II PS codebook.
Proposal 1: Rel-16 eType-II regular codebook is adopted with high priority to refine for high/medium velocities.  
There are three codebook structures are provided as follows in the last meeting [1].
	Agreement
[bookmark: _Hlk104410905]The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.


In our view, we also suppose Alt1 is same to Alt2 in mathematics. However, the condition of Alt1 equating to Alt2 is that  ,  and / are same and the selected SD basis, FD basis and TD/DD basis are separately selected. If  and  are jointly selected for Alt1, or  and  are jointly selected for Alt2, the performance and feedback overhead may be different for the Alt1 and Alt2. From this perspective, Alt1 is different from Alt2. In addition, Alt3 can be regarded as a special case of Alt2, since Alt 2 equals to Alt3 in mathematics when  is be the identity matrix.
Observation 1: Alt1 is different from Alt2 if and  can be jointly selected or  and  are jointly selected. When  is an identity matrix, Alt2 equals to Alt3 in mathematics.
Assume that gNB is equipped with a uniform line array (ULA) of M antennas. For a user severed by the gNB, its multipath channel can be expressed as
,                                              (1)
where
·  is the number of propagation paths from gNB to the user.
·  is downlink complex gain of the k-th propagation path.
·  is the steering vector of UPA for the k-th propagation path with, where  is carrier wavelength.
·  is the Doppler shift of the k-th propagation path, where  is angle between the direction of user mobility and the direction of received signal for the UE at time t for the k-th propagation path.
·  is the delay of the k-th propagation path.
·  (·) is the Dirac impulse function.
According to (3), we can see each propagation path corresponds a Doppler shift. 
Observation 2: Each propagation path has its own Doppler shift.
For Rel-16 eType-II regular codebook and Rel-17 FeType-II PS codebook, each propagation path corresponds an angle and a delay which are respectively associated with an SD basis and a FD basis. If TD/DD basis is independently selected for different SD/FD bases, the performance of it is better than that of TD/DD basis commonly selected for different SD/FD bases. But the indication overhead of TD/DD basis independently selected is larger than that of TD/DD basis commonly selected.  For codebook structure Alt3, it has smaller specification impact and is much easier to be implemented compared with codebook structure Alt1 or Alt2, since UE just needs to report multiple   for multiple instance. In addition, it is unnecessary to define new basis. Based on above discussion, we provide the following proposal.
Proposal 2: The codebook structure selection should be considered the tradeoff between performance, overhead, computation complexity and specification impact. 
TD/DD basis design
According to discussion on TD/DD basis design, the following agreements were achieved. 
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following Doppler-/time-domain basis waveforms for codebook design: 
· Alt1. Orthogonal DFT (with or without rotation factor)
· Alt2. Oversampled DFT
· Alt3. Other waveforms, e.g. DCT, Slepian
· Alt4. Identity (i.e. no Doppler-/time-domain compression) 

Agreement
For the Type-II codebook refinement for high/medium velocities, further study the following issues:
· The need for basis type indicator, if both a trivial basis (e.g. identity) and a non-trivial (e.g. DFT) basis are supported, and if so, whether implicit or explicit
· The need for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) 

Agreement
On the Type-II codebook refinement for high/medium velocities, for codebook structures with TD or DD basis (Alt1 or Alt2 from codebook structure agreement), the codebook(s) include at least the following additional codebook parameters:
· Doppler-/time-domain (DD/TD) basis vector length
· Parameters for DD/TD basis vector selection, including 
· The number of DD/TD basis vectors 
· If applicable, Basis selection indicator(s)
· FFS: restrictions on the basis vector selection
· If applicable, the total number of available DD/TD basis vectors (not needed for orthogonal DFT basis set), whether explicitly or implied from another parameter (e.g. oversampling factor)



For DD/TD basis waveforms, we prefer to reusing legacy waveform i.e., DFT basis as far as possible, such that specification efforts can be reduced. Compared with Alt1, the selected DFT basis may be not orthogonal each other if Alt2 is adopted. However, if multiple TD/DD bases which are non-orthogonal each other cannot keeping their linear independence. This may result that the combination coefficients in DD/TD is not able to be effectively compressed. For Alt1, orthogonal DFT with rotation factor can improve the resolution of DD/TD basis compared with orthogonal DFT without rotation factor. Thus, the Doppler information of multiple paths can be captured by using orthogonal DFT with rotation factor. Notice that the system performance of both orthogonal DFT with rotation factor and without rotation factor are similar if DD/TD basis are commonly selected for SD/FD basis, since one phase shift for the precoder of each subband at each instance does not have impact on system performance. 
Proposal 3: Alt1, i.e., the orthogonal basis with rotation factor should be used to design DD/TD basis when DD/TD basis are independently selected for SD/FD basis.
Discussion on CSI measurement and CSI-RS resource configuration
In the last meeting, the following agreement on CSI measurement and CSI-RS resource configuration were identified. 
	Agreement
[bookmark: _Hlk104411520]The work scope of Type-II codebook refinement for high/medium velocities includes the following CSI measurement and calculation aspects:
· Potential refinement on Resource setting configuration on CSI-RS (for CSI and/or tracking) for measuring a burst of CSI-RS, including the applicable time-domain behaviors
Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed


According to current specification, the minimum periodic of periodic (P) CSI-RS or semi-persistent (SP) CSI-RS is 4 slots. If configuring one P NZP CSI-RS or SP CSI-RS, the sample theorem may be not satisfied for calculating Doppler information. Two methods can be considered to solve the issue. One is much smaller periodic, e.g., 1 slot or 2 slots can be supported for a P CSI-RS or SP CSI-RS. The other one is multiple P/SP/AP/ CSI-RS resources are configured. The latter one is preferred so that the CSI-RS transmission is much more flexible though different offset configuration for different CSI-RS resources in a burst. Considering CSI reporting can be periodic/semi-persistent/aperiodic, CSI-RS resource should also be configured P/SP/AP type.  We think different CSI-RS time-domain behaviors can be configured by gNB implementation. It does not need to specific the CSI-RS resource configuration for CSI enhancement of high/medium velocities. 
Proposal 4: K>1  CSI-RS resources configuration should be configured for CSI measurement.
According to discussion on CSI measurement and reporting, multiple alternatives were given in the last meeting [1]. 
	Agreement
[bookmark: _Hlk104412507]On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, at least for discussion purposes, define the following:
· Assume a CSI report in slot n, and let the length of the DD/TD basis vector be N4 
· Note that basis vector has no span/window in time-domain, only length
· CSI-RS measurement window of [k,k+Wmeas –1], representing the window in which CSI-RS occasion(s) are measured for calculating a CSI report
· k is a slot index and Wmeas is the measurement window length (in slots)
· Note: In the legacy Rel-16/17 CSI, the CSI-RS occasion(s) are configured in CSI-ReportConfig
· CSI reporting window of [l,l+WCSI –1], associated to the CSI report in slot n 
· l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain 
· The location of a CSI reference resource is denoted as nref (slot index)

Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A:  l + WCSI –1 ≤ nref
· Alt1.B:  l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource
FFS: whether/how the CSI measurement window and reporting window are configured



In our view, if CSI predication is implemented by gNB, the legacy CSI reference resource is suitable to be adopted as boundary of CSI reporting window, since gNB can predict the future CSI based on the reported CSI. If CSI predication is implemented by UE, the report slot n is suitable to be adopted as boundary, since it is straightforward that UE just report the future CSI predicted by UE. However, the computation complexity of UE will significantly increase due to future channel prediction, if the CSI predication is implemented by UE. From this perspective, CSI predication implemented by gNB is preferred if there are no much difference in the term of performance. 
Proposal 5: Alt1A, i.e., l + WCSI –1 ≤ nref should be supported for CSI measurement and reporting. 
TDCP reporting for high/medium UE velocities
The agreements on TDCP parameters and TDCP reporting formats were achieved in the last meeting as follows.  
	Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP parameters:
· Alt1. Doppler shift
· Alt2. Doppler spread
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance
Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP reporting formats:
· Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
· Note: This doesn’t preclude multiplexing with other UCI parameters (e.g. CSI, ACK, SR, …) on PUCCH/PUSCH, if applicable
· Alt2. Inter-dependent and reported with other CSI parameter(s)

Agreement
The TRS-based TDCP reporting is down selected from the following alternatives:
· Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 
· Aperiodic reporting is supported
· FFS: Whether periodic, semi-persistent and/or event-triggered (UE-initiated) reporting are supported 
· Alt2 (non-stand-alone): TDCP reporting corresponds to a subset of the UCI parameters associated with a codebook/PMI for high/medium velocities, reported by the UE and measured via TRS 
· FFS: The associated codebook(s)/PMI(s)


For FDD systems, if Rel-16/17 Type-II book refinement by using the Doppler domain correlation is adopted to measure CSI, CSI-RS resources or the CSI reporting should be reasonably configurated. In order to satisfy the sample theorem, the interval of adjacent CSI-RS transmission should be less than 1/2fd, where fd denotes the maximum Doppler shift. Otherwise, the Doppler information cannot be accurately captured. The predicted CSI may be inaccurate as well. The maximum Doppler shift depends on Doppler spread. Thus,  Alt2, i.e., Doppler spread should be reported to gNB if refined Rel-16/17 Type-II book for high/medium  is adopted to implement CSI measurement.
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 can be obtained through power delay profile estimation. Assume the Doppler shift is constant during the period   of TRS. For TDD systems, gNB estimates the uplink channel of time  through received SRS in the period. Then, gNB can predict the downlink channel during  according to the estimated uplink channel and the reported Doppler shift by UE. Therefore, Alt1 or Alt4A, i.e., Doppler shift or relative Doppler shift of a number of peaks in CIR should be reported for predicting future downlink channel.
Proposal 6: Alt 1, Alt2 or Alt4A, i.e., Doppler shift, Doppler spread or relative Doppler shift of a number of peaks in CIR should be reported for CSI measurement or downlink channel predication. 
According to above discussion, Doppler shift, Doppler spread or relative Doppler shift of a number of peaks in CIR should be reported. In TDD systems, it is well known that uplink channel and down channel are reciprocity. Since the current and future downlink channel can be obtained through uplink channel, it is not necessary to calculated PMI by codebook. This implies that TDCP parameters cannot correspond to a subset of the UCI parameters for CSI reporting. Hence, Alt1, i.e., stand-alone reporting for TDCP parameters should be at least supported. In FDD systems, Doppler spread reported is used to assist gNB configuring CSI-RS resource and CSI reporting. It can be stand-alone reported as well.  
Proposal 7: Alt 1, i.e., stand-alone reporting for TRS-based TDCP should be supported.
CSI acquisition enhancement for coherent joint transmission (CJT)
In following agreements archived in RAN1-109 e-meeting [4], Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook are both included in the work scope of Type-II codebook refinement for CJT mTRP. But considering the workload, we prefer to prioritize the Rel-16 eType-II regular codebook. In addition, for Rel-17 FeType-II port selection (PS) codebook, the SRS enhancement to manage inter-TRP cross-SRS interference should be considered first. 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two
Proposal 8: Prefer to prioritize the Rel-16 eType-II regular codebook.
TRP selection/determination schemes for CJT
As for Multi-TRP NCJT, a single CSI reporting setting is assumed and different resource groups in one resource set are mapped to different TRPs. For a CSI report associated with Multi-TRP NCJT, two options are supported in RAN1-104 e-meeting.
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
And for mTRP CJT, following agreements are archived in RAN1-109 e-meeting [4].
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}

Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting):
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP } 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported

For mTRP CJT, similar CSI feedback framework can be considered. Alt 2 is same as Option 2, which means N is selected by UE and reported as a part of CSI report. In addition, which N TRPs, i.e., which transmission hypothesis is assumed should also be reported to gNB. Alt 1 and Alt 3 are covered by Option 1. When X in Option 1 is configured to 0, it is Alt 1 that N=2 with only one transmission hypothesis.
But there are multiple measurement hypotheses for 4 TRPs. For single-TRP, there are at least 4 measurement hypotheses. For 2 TRPs, there are at least 6 measurement hypotheses. For 3 TRPs, there are at least 4 measurement hypotheses. For 4 TRPs, there is at least measurement hypothesis. Thus, for CSI reporting up to 4 TRPs CJT, the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses, report Y CSIs associated with two-TRP CJT’s measurement hypotheses, report Z CSIs associated with three-TRP CJT’s measurement hypotheses, and M CSIs associated with four-TRP CJT’s measurement hypothesis. And the candidate value can be given as follows:
· X = 0, 1, 2, 3, 4.
· Y = 0, 1, 2, 3, 4, 5, 6.
· Z = 0, 1, 2, 3, 4.
· M = 0, 1.
Different options for their combination should be considered with different values of X, Y, Z and M. For example, X = 0, 1, 2, 3, 4, Y=1, Z=1 and M=1, or only one of X, Y, Z, M equals to 1, others are 0. The potential combinations of X, Y, Z and M can be studied.
Proposal 9: For TRP selection/determination schemes, all Alt 1, Alt 2 and Alt 3 can be supported.
· For Alt 1 or Alt 3, in the case of CSI report for CJT up to 4 TRPs, the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses, report Y CSIs associated with two-TRP CJT’s measurement hypotheses, report Z CSIs associated with three-TRP CJT’s measurement hypotheses, and M CSIs associated with four-TRP CJT’s measurement hypothesis. The potential combinations of X, Y, Z and M can be studied.
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 [4].
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
For Opt1, the problem is that there will be more than one TCI state for one CMR. It means that the TCI state will be indicated per port group, which is much more different from the legacy TCI framework. In addition, it needs additional signaling to indicate the number of port group. The third reason is that with Option 2, the time/frequency resource allocation for different TRP can be more flexible. Thus in order for the flexibility and less specification impact, we prefer Opt 2.
Proposal 10: Prefer to Opt 2
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs).
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 11: 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 configured CMR groups.
· Alt 2: Explicitly configure CMR(s) for 4TRP/3TRP/2TRP CJT and S-TRP separately. 
Codebook refinement
Codebook structure
And for codebook structure for mTRP CJT, following agreements are archived in RAN1-109 e-meeting [4].
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 


·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

Considering the workload, the separate SD-FD basis selection in legacy system should be reused. Thus Alt 1B can be considered with low priority. While for Alt 1A, it is much suitable for the scenario of inter-site mTRPs. In this case, the FD basis can be selected independently for each TRP to improve the performance gain. But high CSI feedback overhead will be introduced. But for Alt 2, it is much suitable for the scenario of intra-site mTRPs. So the FD basis can be common for all TRPs and the CSI feedback overhead will be reduced.
Proposal 12: For codebook structures, both Alt 1A and Alt 2 can be supported for different scenarios. 
SD/FD basis design
As for the SD and FD basis design, following agreements are archived in RAN1-109 e-meeting. 
Agreement
On the spatial-domain (SD) and frequency-domain (FD) basis design for the Rel-16 Type-II codebook refinement for CJT mTRP, down-select from the following alternatives:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
· Alt2 (joint, DFT): joint SD-FD DFT-based basis
· FFS: Details on DFT parameters, e.g. length, oversampling (if any), rotation (if any)
· Alt3 (joint, eigenvector): joint SD-FD eigenvector-based basis 
· FFS: eigenvector codebook design, parametrization
· Alt4 (separate, eigenvector): SD basis and FD basis are separate, using eigenvector-based basis 
· FFS: eigenvector codebook design, parameterization
First, separate SD-FD basis is used in Rel-16 Type II codebook, thus it is straightforward to use separate SD-FD basis in Rel-18 to avoid much more workload. In addition, compare eigenvector based basis with DFT based basis, the framework of basis selection indication will be completely different from legacy mechanism and the CSI feedback overhead will be increased. In one word, considering on the workload and the CSI feedback overhead, we prefer to reuse legacy separate SD-FD DFT basis, i.e., Alt 1.
Proposal 13: For SD-FD basis design, prefer to Alt 1(separate, legacy DFT).
SD/FD basis reporting
As for the number of SD basis vector configured by gNB, rank-common can be reused. While for the number of FD basis vector, rank–independent should be reused. But for different TRP/TRP-group, it is obviously that common for all TRPs is simple. But if different number for different TRP/TRP group can provide considerable performance gain, we are open to support it.  
Proposal 14: For the number of SD basis vector, prefer to reuse rank common. For the number of FD basis vector, prefer to reuse rank-independent.
For Alt1A and Alt2, SD basis is independent for each TRP/TRP group. Therefore, SD basis can be selected and indicated as legacy Type II codebook. 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 Alt1A, 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 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 Alt2, 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 two mechanisms should be reused for different value of .
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 Alt 1A, 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 15: The selection and indication of SD basis and FD basis for codebook structure Alt1A and Alt2 are proposed as follows:
· For Alt1A and Alt2, SD basis is selected and indicated as legacy Type II codebook. 
· For Alt1A,  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.
· For Alt2, FD basis is selected and indicated as the legacy eType II codebook.
Enhancement on W2 
As for the W2 enhancement, following agreements are archived in RAN1-109 e-meeting.
	Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator
Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP:
· At least for N=2, reuse the following components of the legacy Rel-16/17 per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 
· Further study the following:
· For larger N values, if supported, whether/how to improve throughput-overhead trade-off using, e.g. lower-resolution alphabets for amplitude and/or phase than legacy, or higher/same resolution alphabets but smaller number of coefficients than legacy 
· What constitutes a “group” (e.g. per polarization across TRPs/TRP-groups, per polarization per TRP/TRP-group, per TRP/TRP-group), the number of “groups” per layer for phase and amplitude (1 ≤Cgroup,phase ≤ N, 1 ≤ Cgroup,amp ≤ 2N), and how to indicate/configure “grouping” 


As for the number of non-zero coefficients and bitmap to indicate non-zero coefficients, it depends on the codebook structure. First considering the number of non-zero coefficients, for Alt 1A and Alt 2, it will be easy to realize with common for all TRPs. For Alt 1B, since joint SD-FD basis will be selected, UE will select best SD-FD basis pair and the pair with zero coefficient will be not selected. It means that the number of non-zero coefficients and bitmap to indicate non-zero coefficients will be not necessary for Alt 1B. Then considering the bitmap to indicate non-zero coefficients for Alt 1A and Alt 2, it is better to use separate indication since at least SD basis is selected per TRP/TRP group.
Proposal 16: For codebook structure Alt 1A and Alt 2, prefer common number of non-zero coefficients for all TRPs, and separate bitmap to indicate non-zero coefficients for each TRP/TRP group.
· For the non-zero coefficients (NZC) quantization, we prefer to using the difference of quantitative as adopted as eType-II/FeType-II codebook. Since there are NZCs of multiple TPRs, how to grouping coefficients of multiple TRP should be first discussed. In our view, the following two options can be considered to divide into groups:Opt0: The combination coefficients of first polarization and second polarization for all TRP/TRP group are respectively divided into two groups.
· Opt1:  The combination coefficients of each polarization for each TRP /TRP group corresponds to one group.
For Opt0, the combination coefficients of first polarization for all TRP/TRP group are divided into the first group. The remained combination coefficients of second polarization for all TRP/TRP group are divided into the second group. According to grouping method, there is only one strongest coefficient and two reference amplitudes. Assume that there are N TRPs for cooperating. There are N strongest coefficients and 2N reference amplitudes.  Considering the quantization resolution, Opt1 is better than Opt2. However, the overhead of Opt1 is larger than Opt0, since there are more reference amplitudes to be reported.
Proposal17：The following options should be considered to divided into group for quantizing non-zero coefficients: 
· Opt0: The combination coefficients of first polarization and second polarization for all TRP/TRP group are respectively divided into two groups. 
· Opt1:  The combination coefficients of each polarization for each TRP/TRP group corresponds to one group.
Conclusion
In this contribution, we discuss about 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: Alt1 is different from Alt2 if and  can be jointly selected or  and  are jointly selected. When  is an identity matrix, Alt2 equals to Alt3 in mathematics..
Observation 2: Each propagation path has its own Doppler shift.

Proposal 1: Rel-16 eType-II regular codebook is adopted with high priority to refine for high/medium velocities.  
Proposal 2: The codebook structure selection should be considered the tradeoff between performance, overhead, computation complexity and specification impact. 
Proposal 3: Alt1, i.e., the orthogonal basis with rotation factor should be used to design DD/TD basis when DD/TD basis are independently selected for SD/FD basis.
Proposal 4: K>1  CSI-RS resources configuration should be configured for CSI measurement.
Proposal 5: Alt1A, i.e., l + WCSI –1 ≤ nref should be supported for CSI measurement and reporting. 

TDCP reporting for high/medium UE velocities
Proposal 6: Alt 1, Alt2 or Alt4A, i.e., Doppler shift, Doppler spread or relative Doppler shift of a number of peaks in CIR should be reported for CSI measurement or downlink channel predication. 
Proposal 7: Alt 1, i.e., stand-alone reporting for TRS-based TDCP should be supported.

CSI acquisition enhancement for coherent joint transmission (CJT)
Proposal 8: Prefer to prioritize the Rel-16 eType-II regular codebook.
Proposal 9: For TRP selection/determination schemes, all Alt 1, Alt 2 and Alt 3 can be supported.
· For Alt 1 or Alt 3, in the case of CSI report for CJT up to 4 TRPs, the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses, report Y CSIs associated with two-TRP CJT’s measurement hypotheses, report Z CSIs associated with three-TRP CJT’s measurement hypotheses, and M CSIs associated with four-TRP CJT’s measurement hypothesis. The potential combinations of X, Y, Z and M can be studied.
Proposal 10: Prefer to Opt 2
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs).
Proposal 11: 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 configured CMR groups.
· Alt 2: Explicitly configure CMR(s) for 4TRP/3TRP/2TRP CJT and S-TRP separately. 
Proposal 12: For codebook structures, both Alt 1A and Alt 2 can be supported for different scenarios. 
Proposal 13: For SD-FD basis design, prefer to Alt 1(separate, legacy DFT).
Proposal 14: For the number of SD basis vector, prefer to reuse rank common. For the number of FD basis vector, prefer to reuse rank-independent.
Proposal 15: The selection and indication of SD basis and FD basis for codebook structure Alt1A and Alt2 are proposed as follows:
· For Alt1A and Alt2, SD basis is selected and indicated as legacy Type II codebook. 
· For Alt1A,  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.
· For Alt2, FD basis is selected and indicated as the legacy eType II codebook.
Proposal 16: For codebook structure Alt 1A and Alt 2, prefer common number of non-zero coefficients for all TRPs, and separate bitmap to indicate non-zero coefficients for each TRP/TRP group.
Proposal17：The following options should be considered to divided into group for quantizing non-zero coefficients: 
· Opt0: The combination coefficients of first polarization and second polarization for all TRP/TRP group are respectively divided into two groups. 
· Opt1:  The combination coefficients of each polarization for each TRP/TRP group corresponds to one group.
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