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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives for CSI enhancements. In this contribution, we discuss CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO.  
2. CSI enhancement for coherent JT (CJT)
2.1 Codebook mode and parameters
In last RAN1 meeting, following agreements were made regarding codebook parameters.Agreement
On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), for a given CSI-RS resource:
· SD basis selection is layer-common and polarization-common, with N1, N2, O1, O2 defined per Rel-16 specification for refinement based on Rel-16 regular eType-II, and per Rel-17 specification for refinement based on Rel-17 PS FeType-II
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with Mv, pv, N3, and R defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with M, N3, and R defined per Rel-17 specification
· FFS: Details on FD basis selection window
Note: The supported value(s) for each of the defined parameters are to be discussed separately (e.g. possibilities of adding new or removing existing value(s) in addition to those supported by legacy specification).
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource, the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification: 
· [bookmark: _Hlk117176314]N1, N2, N3, O1, O2 
· M (only for design based on Rel-17 PS FeType-II)
For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification or further refinement is needed: 
· R: including, e.g. supporting only R=1, or supporting larger R values
· Mv/pv (Rel-16 regular eType-II): including, e.g. supporting smaller pv values such as {1/8, 1/4, 1/2} for v=1,2 and/or removing larger legacy value(s)
· : including, e.g. supporting smaller values such as {1/16, 1/8, 3/8} 
Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter value(s)
FFS: For N>1, whether the maximum 2N1N2 (identical to the number of CSI-RS ports used for CMR) is limited to 32 just as in legacy specification
Agreement
For the Rel-18 Type-II codebook for CJT mTRP, for mode-1, the number of FD basis vectors (Mv related to pv for Rel-16, M for Rel-17) is common across all N CSI-RS resources



[bookmark: _Hlk117774333]For some parameters, e.g., R, Mv/pv, and , it was agreed to further discuss the potential refinement. We think the main motivation is to reduce CSI reporting overhead for CJT CSI especially when N is large, including removing some legacy values and/or adding some new values to achieve smaller feedback overhead. For R, we’re okay to support R=1 only. If R=2 is to be supported, it should be UE optional as legacy. For pv, we prefer to remove certain large values, e.g., pv  for v=1,2. We’re also open to add smaller values.  For L, we prefer to remove L=6. For , we’re also open to add smaller values. 

Proposal 2-1
· On codebook parameters,
· prefer to remove certain large values for L and pv,
· open to support smaller values for pv and .

In offline email discussion, more detailed parameter candidates were discussed and following offline proposals/ conclusions were made.
Offline conclusion 1.C.1: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter R, there is no consensus on changing the supported value(s) from the legacy specification.
Offline proposal 1.C.2: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , introduce as a candidate value  = 1/8 in addition to the supported value(s) from the legacy specification.
· FFS (by RAN1#111): whether additional value 1 can also be added
Offline proposal 1.C.3: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook, introduce as a candidate value
· pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
FFS (by RAN1#111): whether additional value pv = 1/2 for v=1,2,3,4 can also be added



The offline proposals/conclusions are generally aligned with our proposal 2-1, thus, we can be supportive for them. Regarding the FFS for offline proposal 1.C.2,  = 1 leads to large feedback overhead, thus, it is not preferred. Regarding the FFS for offline proposal 1.C.3, due to similar reason, it is not preferred to add pv = 1/2 for v=3, 4. And it is preferred to remove pv  for v=1,2 as discussed above.

Proposal 2-2
· Support offline conclusion 1.C.1.
· Support offline proposal 1.C.2.
· On FFS, it is not preferred to add additional value 1 for .
· Support offline proposal 1.C.3.
· On FFS, it is not preferred to add pv = 1/2 for v=3, 4; it is preferred to remove pv = 1/2 for v=3, 4

In previous meeting, two codebook modes have been agreed.Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2



The main difference of the two codebook modes is FD basis selection. There is an FFS on whether the additional per-TRP/TRP-group amplitude scaling and/or co-phase should be explicitly reported or not. We think the additional per-TRP/TRP-group amplitude scaling and/or co-phase can be conveyed in W2 implicitly, thus, explicit reporting is not needed. 

Proposal 2-3
· The additional per-TRP/TRP-group amplitude scaling and/or co-phase can be conveyed in W2 implicitly. Explicit reporting of amplitude scaling and/or co-phase is not needed.

There was an offline conclusion for this issue, and we can be supportive.Offline conclusion 1.D: On the Type-II codebook refinement for CJT mTRP, for mode-1 and mode-2, there is no consensus on introducing additional/explicit per-CSI-RS-resource amplitude scaling and/or co-phase (with separate alphabet set(s)) as additional PMI component(s).
· Note: This conclusion has no impact on the Working Assumption reached in RAN1#110bis-e regarding W2 quantization group



Proposal 2-4
· Support offline conclusion 1.D.

In offline email discussion, the restriction on the maximum number of NZP CSI-RS ports were also discussed and following offline conclusion was made, for which we are supportive as well. Restricting 2NN1N2 to 32 is too limited for NW deployment. But we’re okay to discuss it in UE feature later.
Offline conclusion 1.C.4: On the Type-II codebook refinement for CJT mTRP:
· Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.
· There is no consensus on further restricting the maximum value of 2NN1N2 (other than the implied value of 128 from the maximum N value of 4)
· Note: UE capability on the maximum value of 2NN1N2 will be discussed separately, with the legacy basic feature as a starting point for the basic feature of Rel-18 Type-II CJT codebook



Proposal 2-5
· Support offline conclusion 1.C.4.

2.2 Codebook design details
SD basis
On L parameter determination for SD basis selection, following four alternatives were agreed for down-selection.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



In legacy, L is configured by gNB, thus, there should be no problem if Ln is also configured by gNB. In addition, the bit size to report index(es) of selected SD basis for each TRP could be fixed. On the other hand, there exists benefit to reduce CSI reporting overhead if UE is allowed to select smaller Ln value than RRC configured value. In that sense, Alt3 and Alt4 can be also considered. Comparing Alt3 and Alt4, Alt4 can further control the maximum CSI reporting overhead by Lmax, which could be smaller than L*N in Alt3, thus, Alt4 is slightly preferred from overhead perspective. Regarding the candidate values for Ln, we prefer to remove L=6. In addition, the candidate values configured for different TRPs can be different.
Another issue of Alt2/3/4 is how to report the number/index of selected SD basis per TRP. To determine the bit size of index(es) of selected SD basis per TRP, the number of selected SD basis per TRP needs to be reported. How to determine the bit size for the number of selected SD basis per TRP needs further discussion.

Proposal 2-6
· On L parameter for SD basis selection, Alt4 is slightly preferred.
· The candidate values of Ln configured for different TRPs can be different .
· Support to report the number of selected SD basis per TRP. Study how to determine the bit size for the number of selected SD basis per TRP.

FD basis

In legacy Rel-16 eType II CSI, different FD basis selection methods are used for the cases of   and .  For , UE determines the FD index 0 and reports the M-1 FD basis. For , UE reports Minit and M-1 FD basis.  For mode 2, FD basis selection is common across TRPs, thus, legacy mechanism can be reused. For mode 1, since FD basis selection is per-TRP, how to report FD basis for multiple TRPs needs to be discussed. The offline proposal on this issue is as follows. 
Offline proposal 1.D.2: 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 from a gNB-configured set of FD basis candidates
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. 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 independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates.
For all the above alternatives, the legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) 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



The most flexible method is to report independent FD basis per TRP as shown in Alt2, but the reporting overhead is large. We also have doubt about whether such flexibility is needed or not. Thus, we’re open to consider some restrictions on FD basis selection for different TRPs. Some companies proposed to report per-TRP FD basis offset relative to a reference TRP to implement independent FD basis selection (Alt1), to unify the design for mode 1 and mode 2 and to reduce FD basis reporting overhead. We’re open to study and support such method as long as no obvious performance loss is observed. 

Proposal 2-7
· On FD basis selection/reporting, for mode 1, prefer to consider some restrictions on FD basis selection for different TRPs.

W2 design
In last meeting, following was agreed regarding W2 quantization and 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


Alt1 has been supported and can be applied to both codebook mode 1 and codebook mode 2. Alt3 is mainly for codebook mode 1 in our understanding, where multiple TRPs can be deployed non-co-located and the power/pathloss difference among multiple TRPs could be large. If Alt3 is supported in addition to Alt1, Alt3 can be applied to codebook mode 1 only, and Alt1 can be basic feature for Rel-18 CJT codebook.

Proposal 2-8
· Regarding W2 quantization group, for each layer, if Alt3 is supported in addition to Alt1, Alt3 is applied to codebook mode 1 only, and Alt1 is basic feature.

For CJT CSI, per-TRP bitmap to indicate locations of NZC has been supported. For the size of bitmap for each TRP, legacy mechanism can be reused. Hence, Alt1 should be supported.
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



Proposal 2-9
· Regarding the size of bitmap to indicate NZC, support Alt1.

2.3 CMR configuration 
In RAN1#110 meeting, following agreement was made for CMR configuration. Some further restrictions on the K CMRs should be discussed.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 example, the max number of ports per CMR resource, and max number of total ports should be discussed. In addition, to ensure the measurement accuracy, similar as NCJT CSI, the configured K NZP CSI-RS resources associated with a CSI-ReportingConfig for CJT should be restricted within the same DRX Active Time, and within X continuous slot(s) without DL/UL switch. At least X=1 should be supported.

Proposal 2-10
· The configured K NZP CSI-RS resources associated with a CSI-ReportingConfig for CJT should be restricted within the same DRX Active Time, and within X continuous slot(s) without DL/UL switch. At least X=1 should be supported.

3. Type-II CSI enhancement in doppler domain
3.1 Association among DD unit, PMI and CQI
The following Offline proposal was proposed by Moderator during pre-tdoc offline discussion. Generally, the association between DD unit and PMI has been clarified in the first bullet. Meanwhile, for CQI, it is TBD in RAN1#111 regarding association between CQI and PMI (or time instance). 
	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 




Although it might be dependent on some other factors (e.g., CSI reporting window duration, etc), we expect CQI variation might not be very large during the window. And it is difficult for UE to predict the interference variation. Thus, we believe the number of CQIs should be minimized (or even only a single one, which is the closest to the legacy behavior). Having said this, only if several additional CQIs improve the whole performance, we are open to consider such addition. In summary, we believe at least 1 CQI reporting is supported, while several additional CQIs can be considered per configuration if the clear gain is observed. 

Proposal 3-1
· On association among DD units, PMI and CQI for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.B.2
· For the association between CQI and PMI (or time instance), 1 CQI reporting should be baseline

3.2 The number of selected DD basis vectors
Regarding the number of selected DD basis vectors, the following is the related offline outcome:
	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) 
FL Note: 2.C.1 is the best compromise among Alt1, Alt2, and Alt3 (note Q>1 is agreed, and to avoid large Q values which results in excessive overhead, while capturing the physics of the channel (per vivo point) analogous to FD compression in Rel-16 where M~p.N3). The parameter p is to address Alt2 proponents for configurability 




Our view is aligned is the Offline proposal 2.C.1. As clarified in the FL Note, this Offline proposal has captured the middle ground among companies’ positions. For FFS, if larger value works better for some cases, we believe it should also be supported. The exact value can be dependent on evaluation results. 

Proposal 3-2
· On the number of selected DD basis vectors for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.2
· Additional value, if observed beneficial, should also be supported


3.3 Length of DFT vector
Below is an offline discussion outcome related to the length of DFT vector:
	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




We support above, and are also open to consider another value(s). 

Proposal 3-3
· On the length of DFT vector for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.4

3.4 CMR resource configuration
Regarding CMR configuration for Rel-18 Type-II codebook refinement for high/medium velocities, the following three proposals are made by Moderator after offline discussions, for which we are supportive:

	
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 
If more than one candidate values of d are supported, the value of d is gNB-configured via higher-layer (RRC) signalling 

Support/fine: MediaTek, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: ZTE (since 1 is still FFS)

FL Note: 2.C.5: Based on super-majority view. Note that Alt2 is already guaranteed if proposal 2.C.4 is agreed. 


	
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
 
Support/fine: MediaTek, OPPO, Xiaomi, [vivo], Fraunhofer IIS/HHI, Apple, NEC, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: ZTE (since 5 is still FFS)

FL Note: 2.C.6: Currently only the values proposed by enough companies are included. Additional values can be added later if proven useful. Likewise, limiting the number of candidates is also important for an obvious reason.


	
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)

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, ZTE, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: 2.C.7: Based on super-majority view.




Note that we are in general open to consider additional values for each parameter. 

Proposal 3-4
· For the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.5, 2.C.6 and 2.C.7
· Open to consider other values


3.5 CSI reporting window
Regarding CSI reporting window configuration, the following are the offline discussion outcomes:
	
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 

Support/fine: MediaTek, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, Samsung (ok with one additional), Ericsson, Lenovo, Spreadtrum (ok), Nokia/NSB,  

Not support (0 isn’t useful): ZTE (and since 5 is still FFS), CATT, Google, 

FL Note: 2.C.2: Based on (weak, although initially I thought super) majority view, multiple values are preferred. Other than 0, at least 1 more value is supported, but the exact values should be determined via analysis/simulation (limiting the number of candidates is also important for an obvious reason). Note that those who prefer 0 (at least 5 companies) only have compromised.


	
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

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, ZTE, Ericsson, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: 2.C.3: Based on super-majority view, dN4 is a clear choice. Except for N4=1 where no DD compression is used.




For Offline proposal 2.C.2, we are ok to support δ=0 at first since it seems the easiest value for UE implementation. From operator’s perspective, it would be great if UE can report CSI with larger δ, since NW will eventually use such later physical resources. Meanwhile, we think it may be dependent on UE capability regarding CSI prediction. 

For Offline proposal 2.C.3, we are supportive. 

Proposal 3-5
· On CSI reporting configuration for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.3 and 2.C.4


4. Support of TDCP
The following are the related agreements and offline outcomes:

	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 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
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases  



There was also an extensive discussion in offline, but no clear consensus was reached. 

Among the three alternatives above, we are fine with either AltA or AltB. AltC is not preferred since it may impose UE to understand gNB implementation well to work, which is not realistic in our view. 

Between AltA and AltB, although we are open to discuss further, considering e.g., UE implementation, we think AltB can be a good way to go, as suggested by Moderator in offline. 

Irrespective of the alternative, we believe the reporting should be well designed in terms of overhead. 

Proposal 4-1
· Regarding metrics to be reported in TDCP reporting, support either AltA or AltB
· Slightly prefer AltB
· Prefer to minimize TDCP reporting overhead

Another point may be the definition of CPU for TDCP reporting. As TRS is not associated with any CSI reporting until Rel-17, CPU=0 is defined when TRS is configured. When we support TDCP reporting, the exact CPU value needs to be discussed in our view. This aspect could be a subsequent issue after concluding the metric in TDCP reporting. If a simpler metric is supported, we believe CPU=1 is sufficient here. 

Proposal 4-2
· Regarding TDCP reporting, discuss the exact value for CPU

5. Conclusion
In this contribution, we discussed CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO. Based on the discussion, we made following proposals.
For M-TRP CJT:
Proposal 2-1
· On codebook parameters,
· prefer to remove certain large values for L and pv,
· open to support smaller values for pv and .

Proposal 2-2
· Support offline conclusion 1.C.1.
· Support offline proposal 1.C.2.
· On FFS, it is not preferred to add additional value 1 for .
· Support offline proposal 1.C.3.
· On FFS, it is not preferred to add pv = 1/2 for v=3, 4; it is preferred to remove pv = 1/2 for v=3, 4

Proposal 2-3
· The additional per-TRP/TRP-group amplitude scaling and/or co-phase can be conveyed in W2 implicitly. Explicit reporting of amplitude scaling and/or co-phase is not needed.

Proposal 2-4
· Support offline conclusion 1.D.

Proposal 2-5
· Support offline conclusion 1.C.4.

Proposal 2-6
· On L parameter for SD basis selection, Alt4 is slightly preferred.
· The candidate values of Ln configured for different TRPs can be different .
· Support to report the number of selected SD basis per TRP. Study how to determine the bit size for the number of selected SD basis per TRP.

Proposal 2-7
· On FD basis selection/reporting, for mode 1, prefer to consider some restrictions on FD basis selection for different TRPs.

Proposal 2-8
1. Regarding W2 quantization group, for each layer, if Alt3 is supported in addition to Alt1, Alt3 is applied to codebook mode 1 only, and Alt1 is basic feature.

Proposal 2-9
1. Regarding the size of bitmap to indicate NZC, support Alt1.

Proposal 2-10
1. The configured K NZP CSI-RS resources associated with a CSI-ReportingConfig for CJT should be restricted within the same DRX Active Time, and within X continuous slot(s) without DL/UL switch. At least X=1 should be supported.

For Type-II CSI enhancement in doppler domain:
Proposal 3-1
1. On association among DD units, PMI and CQI for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.B.2
33. For the association between CQI and PMI (or time instance), 1 CQI reporting should be baseline

Proposal 3-2
1. On the number of selected DD basis vectors for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.2
34. Additional value, if observed beneficial, should also be supported

Proposal 3-3
1. On the length of DFT vector for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.4

Proposal 3-4
1. For the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.5, 2.C.6 and 2.C.7
36. Open to consider other values

Proposal 3-5
1. On CSI reporting configuration for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.C.3 and 2.C.4

For TDCP reporting:
Proposal 4-1
1. Regarding metrics to be reported in TDCP reporting, support either AltA or AltB
38. Slightly prefer AltB
1. Prefer to minimize TDCP reporting overhead

Proposal 4-2
1. Regarding TDCP reporting, discuss the exact value for CPU

References
[1] 3GPP RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, RAN#94-e, Dec. 2021.
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