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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 appliable scenario for CJT
In last RAN1 meeting, following agreements were made regarding codebook mode/structure.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



We think the two codebook modes are applicable to different deployment scenarios, and that’s also one of the reasons why two modes are supported. In codebook mode 1, per-TRP SD basis and per-TRP FD basis selection are used, which is more proper for inter-site M-TRP scenario, as shown in Fig. 2-1 (a). In codebook mode 2, since joint/common FD basis selection is used, it is more proper for intra-site M-TRP scenario with co-located multiple TRPs. With different boresight orientation of different TRPs, intra-site multi-panel M-TRP deployment and intra-site multi-sector M-TRP deployment are possible. However, considering the workload, we think it is sufficient to study one intra-site M-TRP scenario only, e.g., intra-site multi-sector M-TRP as shown in Fig. 2-1(b), which provides more flexibility for the potential deployment. 
In the agreement, there is a concept of TRP group, which is more applicable for hybrid intra-/inter-site M-TRP scenario. And we’re open to study it. There is another agreement saying striving for the two modes to share commonality in detailed designs. However, considering the different applicable scenarios between the two modes, we think the design details on W2 could be different for those two codebook modes.
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(a) Inter-site M-TRP				(b) Intra-site multi-sector M-TRP
Fig. 2-1 Focused deployment scenarios of M-TRP CJT

Observation 2-1
· Codebook mode 1 is applicable to inter-site M-TRP CJT, and codebook mode 2 is applicable to intra-site M-TRP CJT. 
· The design details on W2 could be different for those two codebook modes.
· TRP-group concept is applicable to hybrid intra-/inter-site M-TRP scenario.

2.2 Codebook design details
W1/Wf design
In legacy, SD basis selection is layer-common and polarization-common. In Rel-16 regular eType-II CSI, the FD basis configuration and selection is layer-specific, with parameters of  and . In Rel-17 PS FeType-II CSI, the FD basis configuration and selection is layer-common, with parameter of M. Such design principle should be kept. Thus, we support the offline proposal 1.1 from email discussion, as shown below.Offline proposal 1.1: 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 L, 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).



Proposal 2-1
· For SD basis selection and FD basis selection, support offline proposal 1.1.

In legacy, the number of SD basis vectors, L, is configured by RRC signalling. In M-TRP CJT scenario, the selection of SD basis should be performed per-TRP, however, whether the configuration of L is per-TRP or across TRPs should be discussed. After email discussion, we have an offline proposal 1.2.Offline proposal 1.2: 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):
· 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. Common L parameter for all N CSI-RS resources




We think different Ln for each TRP can be configured, and UE should select and report Ln SD basis for each TRP based on the configuration. For example, if the RSRP gap from different TRPs is large (e.g., inter-site M-TRP scenario) and gNB knows such information based on L1-RSRP report, it is beneficial for gNB to configure different Ln for different TRPs to reduce the reporting overhead. gNB may also decide to configure the same L value for different TRPs based on implementation, e.g., for intra-site M-TRP scenario. Thus, Alt1 can be applied to both scenarios, and should be supported. In Alt1, there is an FFS to discuss the other configuration method. If only the total value L for all the relevant CSI-RS resources is configured by gNB, UE needs to select and report different Ln for different TRPs additionally, which will increase UE complexity and reporting overhead. Hence, such method is not preferred.

Proposal 2-2
· For SD basis selection for M-TRP CJT, support offline proposal 1.2.
· Support Alt1. Per-CSI-RS-resource Ln parameter, where {Ln, n=1, ..., N} are higher-layer configured by gNB, and UE selects/reports Ln SD basis for each TRP.

For codebook mode 1, the selection of FD basis is per-TRP, hence, the configured number of FD basis vectors can be also per-TRP. For codebook mode 2, the selection of FD basis is common for all TRPs, hence, the configured number of FD basis vectors is TRP-common. For enhancement based on Rel-17 PS FeType-II, the FD basis vectors can be selected/reported from a RRC configured window with a larger size, with parameter of N, similar as legacy.

Proposal 2-3
· For FD basis configuration and selection for M-TRP CJT,
· for codebook mode 1, the number of FD basis vectors is higher-layer configured per-TRP.
· for codebook mode 2, the number of FD basis vectors is higher-layer configured TRP-common. 

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 and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)


[bookmark: _Hlk111043148][bookmark: _Hlk111043187]Considering intra-site multi-sector M-TRP scenario and codebook mode 2, the transmission power from multiple TRPs is almost the same and the delay characteristics from multiple TRPs is close. In this case, it may be sufficient to consider one SCI across TRPs. Then there will be two amplitude references, each per polarization. With this method, the additional indication of strongest TRP is not needed. 
On the other hand, for inter-site M-TRP scenario and codebook mode 1, considering the possible large gap of received power and delay between TRPs, it is beneficial to consider per-TRP/TRP-group SCI. In this case, the indication of strongest TRP/TRP-group is needed. 

Proposal 2-4
· Regarding W2 quantization group and SCI design, for each layer,
· For codebook mode 1, Alt2 (per-TRP SCI) is supported. The indication of strongest TRP is needed.
· For codebook mode 2, Alt1 (one SCI across all TRPs) is supported. The indication of strongest TRP is not needed.

[bookmark: _Hlk114773740]To control the max number of NZC,  is configured in legacy. In M-TRP, whether this parameter is configured per-TRP or TRP-common can be discussed. For codebook mode 1, similar as the number of SD/FD bases, separate parameter per TRP can be considered, and the bitmap to indicate locations of NZC can be also per-TRP. For codebook mode 2, since a unified solution can work for this issue, per-TRP  configuration and per-TRP bitmap reporting can be also used. Hence, we support offline proposal 1.2.Offline proposal 1.3: 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 bitmaps for all N CSI-RS resources 
· 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



Proposal 2-5
· Regarding the max number of NZC and bitmap to indicate locations of NZC, support offline proposal 1.2.
· Separate n per TRP can be configured, and separate bitmap with size of 2LnMn per TRP can be reported.

2.3 CSI configuration enhancement for CJT CSI
In last RAN1 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.

Proposal 2-6
· 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. 

In last RAN1 meeting, following agreement was made on TRP selection/determination.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) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· 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
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs per hypothesis are gNB-configured via higher-layer (RRC) signalling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
· FFS: Whether the same N value or possibly different N values
· Alt4. The UE reports CSI corresponding to K transmission hypotheses where N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
· N is the number of cooperating TRPs per hypothesis, 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: Whether the same N value or possibly different N values
FFS: Whether S-TRP transmission hypothesis is also reported


In Alt1, N is configured by gNB. In this case, we should further discuss whether the value of NTRP and N is always the same or not. The simplest way is that gNB configures NTRP =N CMRs so that UE follows gNB’s indication on TRP. If NTRP and N can be different, it means UE can select N TRPs from NTRP TRPs. But if UE selection is allowed, Alt2 is more flexible as UE can determine the value of N as well as the selected N TRPs. For example, if gNB configures NTRP =4 TRPs’ CMR, UE can determine/select N (e.g., N=2) TRPs to calculate PMI and report one transmission hypothesis, and UE should also report the selected 2 TRPs (e.g., TRP#1 and TRP#3). Considering UE complexity, we think Alt1 should be baseline. In Rel-17 NCJT CSI, two CSI report modes are supported, NW-configured and UE-selected. Similarly, in Rel-18 CJT CSI, Alt2 can be also further studied as the other configurable TRP selection mode.

Proposal 2-7
· For TRP selection/determination, Alt1 (gNB configured N) should be baseline.

3. Type-II CSI enhancement in doppler domain
3.1 Codebook structure
As per the agreement in the last RAN1 meeting, there are two remaining candidate structures. One is Doppler-domain basis, and the other is to reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report. From our perspective, the main different between the two candidates is whether to support Doppler domain compression for  reporting. 

During the offline discussion prior to this e-meeting, companies’ preference seemed to be divergent. Thus, the moderator made a compromised suggestion in the end as follows, which seems reasonable to us:
	Offline proposal 2.2: 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. 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components





Proposal 3-1
· Regarding codebook structure, support Offline proposal 2.2
· i.e., depending on the value of N4, Doppler domain basis is the identity (for smaller N4) or orthogonal DFT basis (for larger N4)

3.2 CSI reporting and measurement
Regarding the CSI reporting and measurement, the following is the latest agreement and the related offline outcome:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary

Offline proposal 2.3: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after the slot with a reference resource (l ≥ nref) where the location of CSI reference resource is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of CSI reference resource location include the legacy slot location and slot n
· FFS: Possible value(s) of WCSI




Our view is aligned is the Offline proposal 2.3. If the quality of UE-side CSI prediction is always sufficient across UEs, we think configuring CSI reference resource location as slot n can be much beneficial since it can give gNB CSI information for the resources that gNB is actually going to schedule. Meanwhile, it is not very clear if all the UEs can achieve such high-quality CSI prediction. For UEs with a bit low quality of CSI prediction, configuring the legacy slot location for CSI reference resource can be a good middle way to improve the quality of actually used CSI by gNB while minimizing the influence of such lower CSI prediction quality by UE. Please note that, such usage is still beneficial compared to the legacy eType-II CSI in our view. 

Proposal 3-2
· On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.3 
· i.e., support UE “predicting” channel/CSI after the slot with a reference resource where the location of CSI reference resource is configured by gNB via higher-layer signalling


3.3  design
As per the WID, SD/FD bases are unchanged from legacy for Rel-18 Type-II codebook refinement for high/medium velocities. Meanwhile, regardless of the codebook design,  will be changed from legacy. In general, the corresponding issues can be e.g., quantization method, SCI, the number of NZC determination, etc. Based on an agreement in the last RAN1 meeting, DD/TD (compression) unit was supported as a codebook parameter. Given that, one general issue is whether to consider each of  details per DD/TD unit or commonly across DD/TD units. For example, in legacy eType-II codebook, SCI is reported per layer per polarization. Whether SCI can be common across DD/TD units or per DD/TD unit should be discussed. Similarly, whether quantization is performed per DD/TD unit or across the units, and/or the number of NZC is determined per DD/TD unit or across DD/TD unit should also be discussed. 

Proposal 3-3
· Study  design details, e.g., quantization method, SCI, the number of NZC determination, considering DD/TD unit(s)

3.4 PMI – CQI association
In legacy, as a CSI report can include a PMI and a CQI for a time domain occasion, the association is automatically clear enough. However, based on Rel-18 Type-II codebook refinement for high/medium velocities, the association can be different since a PMI in a CSI report may comprises multiple precoding matrices in time-/Doppler domain. 

While details of PMI should be clarified first, we think it would be good if UE can report CQI per one or multiple DD/TD units as well as PMI (or precoding matrix), considering the fact that quality of CSI information is better at UE side. If PMI can report precoding information during a certain time duration, whether it is sufficient to report only a single CQI is not clear for us. It may be necessary to report multiple CQIs in a CSI report. 

Proposal 3-4
· Study proper association between PMI and CQI considering DD/TD units


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. 

Proposal 4-1
· Regarding TDCP reporting, support either AltA or AltB
· Slightly prefer AltB


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:
Observation 2-1
· Codebook mode 1 is applicable to inter-site M-TRP CJT, and codebook mode 2 is applicable to intra-site M-TRP CJT. 
· The design details on W2 could be different for those two codebook modes.
· TRP-group concept is applicable to hybrid intra-/inter-site M-TRP scenario.

Proposal 2-1
· For SD basis selection and FD basis selection, support offline proposal 1.1.

Proposal 2-2
· For SD basis selection for M-TRP CJT, support offline proposal 1.2.
· Support Alt1. Per-CSI-RS-resource Ln parameter, where {Ln, n=1, ..., N} are higher-layer configured by gNB, and UE selects/reports Ln SD basis for each TRP.

Proposal 2-3
· For FD basis configuration and selection for M-TRP CJT,
· for codebook mode 1, the number of FD basis vectors is higher-layer configured per-TRP.
· for codebook mode 2, the number of FD basis vectors is higher-layer configured TRP-common. 

Proposal 2-4
· Regarding W2 quantization group and SCI design, for each layer,
· For codebook mode 1, Alt2 (per-TRP SCI) is supported. The indication of strongest TRP is needed.
· For codebook mode 2, Alt1 (one SCI across all TRPs) is supported. The indication of strongest TRP is not needed.

Proposal 2-5
· Regarding the max number of NZC and bitmap to indicate locations of NZC, support offline proposal 1.2.
· Separate n per TRP can be configured, and separate bitmap with size of 2LnMn per TRP can be reported.

Proposal 2-6
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. 

Proposal 2-7
1. For TRP selection/determination, Alt1 (gNB configured N) should be baseline.

For Type-II CSI enhancement in doppler domain:
Proposal 3-1
1. Regarding codebook structure, support Offline proposal 2.2
22. i.e., depending on the value of N4, Doppler domain basis is the identity (for smaller N4) or orthogonal DFT basis (for larger N4)

Proposal 3-2
1. On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support Offline proposal 2.3 
23. i.e., support UE “predicting” channel/CSI after the slot with a reference resource where the location of CSI reference resource is configured by gNB via higher-layer signalling

Proposal 3-3
1. Study  design details, e.g., quantization method, SCI, the number of NZC determination, considering DD/TD unit(s)

Proposal 3-4
Study proper association between PMI and CQI considering DD/TD units

For TDCP reporting:
Proposal 4-1
· Regarding TDCP reporting, support either AltA or AltB
· Slightly prefer AltB
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