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Introduction
In RAN#94-e [1], it was agreed to study, and, if applicable, specify CSI reporting enhancements for high mobility, in addition to CSI enhancements for CJT under FR1, focusing on codebook refinement. In this contribution we provide our preliminary views on different aspects of both scenarios.
CSI enhancement for high/medium UE velocities
In RAN1#109-e [2], the following, was agreed for CSI enhancements under MIMO agenda
	Agreement
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

Agreement
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.
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
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
· Whether/how UE-side or gNB-side prediction is assumed for CQI/PMI/RI calculation 
· Potential enhancements on CQI definition and calculation procedure in relation to the PMI of Rel-18 Type-II codebook for high/medium velocities
· Potential enhancement on definition of CSI reference resource
Agreement
The work scope of TRS-based TDCP reporting focuses on the following use cases for evaluation purposes:
· Targeting medium and high UE speed, e.g. 10-120km/h as well as HST speed
· Aiding gNB to determine 
· CSI reporting configuration and CSI-RS resource configuration parameters, 
· Precoding scheme, using one of the CSI feedback based precoding schemes or an UL-SRS reciprocity based precoding scheme
· Aiding gNB-side CSI prediction
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 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
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)

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 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 

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)

Agreement
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 this section, we discuss the outline of CSI reporting enhancement for high-speed UEs and propose different codebook design alternatives for this scenario.
Codebook design
In RAN1#109-e, it was agreed to use Rel-16 eType-II regular codebook and Rel-17 FeType-II PS codebook as baseline for Rel-18 potential codebook design, with the possibility to prioritize/down-select from the two codebooks. Since Rel-17 FeType-II PS codebook is primarily designed for scenarios in which partial UL-DL channel reciprocity is assumed, it is preferred to prioritize Rel-16 eType-II codebook as a baseline codebook for potential Rel-18 codebook, since it is not restricted any UL-DL channel reciprocity condition. Moreover, prioritizing regular codebook design over port-selection codebook design does not imply omitting the port-selection codebook design; a similar prioritization was applied in Rel-15 Type-II and Rel-16 eType-II codebook designs, where each included both a regular and a port-selection version of the codebook. Therefore, we support prioritizing Rel-16 eType-II codebook as a baseline for potential Rel-18 codebook design
Prioritize Rel-16 eType-II codebook as a baseline for potential Rel-18 codebook design
Moreover, it was agreed in RAN1#109-e to consider the following codebook structures for potential Rel-18 codebook for down selection, as follows:
· 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 order to analyze the different alternatives, we discuss the following example. Assume a channel between a UE and a gNB with P channel paths (index) that occupies NSB frequency bands (index), wherein the gNB is equipped with K antennas (index). The channel at a time index δ can then be represented as follows 


gk,p: Complex gain of path p at antenna k
∆f: PMI Sub-band spacing
τp: Delay of path p
Fc: Carrier Frequency
c: Speed of light
d: Antenna spacing at gNB
θp: angular spatial displacement at the gNB antenna array corresponding to path p
δ: Time index 
v: Relative speed between gNB & UE
Φp: Angle between the moving direction & the signal incidence direction of path p
The channel above is parametrized by three dimensions: spatial dimension, corresponding to the first term of the exponent in the channel equation, frequency dimension corresponding to the second term of the exponent, and temporal dimension corresponding to the third term of the exponent. Under this characterization, each channel path incurs a distinct Doppler shift based on the per-path incidence angle Φp. Therefore, it is more reasonable to associate the Doppler transformation/compression component with the frequency transformation/compression component. Therefore, we do not see enough motivation to support Alt1.  
In the sequel we provide a more detailed comparison of the remaining two alternatives (Alt2 and Alt3), as follows. 
Alt2a. Doppler-domain transformation codebook
Under this approach, beside the spatial and frequency domain transformations adopted in Rel. 16/17 Type-II codebooks, the codebook performs a third dimensional transformation of the time domain to a Doppler domain, with the following codebook structure 

Where . Here, the 1D DFT-based transformation matrix  is replaced with a 2D DFT-based transformation matrix  of size N3NδxM corresponding to a joint time/frequency domain transformation, where N4 corresponds to the number of time samples. Hence, the 2N1N2xN3N4 precoding matrix can be decomposed into N4 sub-matrices of size 2N1N2xN3, each corresponding to one of the N4 time samples at which the precoder would be applied. Further details on the Doppler domain transformation, e.g., configuration and/or reporting of the Doppler-domain parameters, are FFS. In case Alt2a is supported, we believe it is reasonable to support orthogonal DFT for design of matrix , and hence a 2D DFT matrix can be supported for . Whether rotation is supported for DFT matrix corresponding to Wd is FFS.
For Alt2a codebook structure, support orthogonal DFT design of Doppler transformation matrix. Whether rotation of the Doppler transformation matrix is supported is FFS
Under this approach, reporting of the Doppler domain transformation matrix can be done separately (based on a 1D DFT matrix), similar to delay domain transformation matrix, and hence a selection of columns of the DFT matrix are indicated. Alternatively, both delay domain transformation matrix and Doppler domain transformation matrix can be reported jointly as a selection of columns of a 2D DFT matrix, similar to the 2D DFT matrix corresponding to joint transformation of spatial domain indices over vertical and horizontal directions in matrix W1. Further details are FFS.
Further discuss signaling corresponding to Doppler domain transformation matrix
Alt3. Partial codebook update
Given the relatively weaker channel correlation across time for high-speed scenarios, one intuitive solution is to feed back the CSI report with a lower periodicity. However, this comes at the price of larger CSI feedback overhead. In order to reduce the CSI feedback overhead under this approach, only a subset of the CSI codebook parameters that have incurred significant changes compared with a prior CSI report should be reported. For instance, assuming the Rel. 16/17 Type-II codebook design, the spatial and frequency-domain transformation matrices , and , respectively, may not change across two consecutive CSI reports. In other words, the selected set of spatial beams and the dominant channel paths would not change, but the order of strength of respective beams/path may incur change, which can be reflected in terms of some variation of the amplitude and phase values of the linear combination coefficients in the matrix , with the selected DFT-based column vectors (or alternatively selected CSI-RS ports) in ,  being unchanged. Considering the scenario in which a full CSI report is fed back at time t, whereas only a subset of the coefficients of  are fed back at time t+kto for k=1,2,…, the overall CSI feedback overhead can be significantly reduced, compared with full CSI reporting with periodicity of to time units. Details on the subset of codebook parameters that can be updated, and how the updated parameters can be reported can be discussed in future meetings. Clearly, for Alt3, the Doppler domain transformation boils down to an identity matrix. 
For Alt3 codebook structure, Doppler transformation matrix Wd is an identity matrix
While Alt.2a is expected to provide reasonable performance for scenarios in which the impact of the UE motion on the dominant spatial beams and dominant paths is marginal, e.g., scenarios with a straight UE trajectory and fixed UE orientation, it may perform slightly worse compared with Alt.3 for scenarios in which the channel incurs abrupt changes in strongest beam/path due to motion. Other factors that may impact the performance of both alternatives include UE speed, UE orientation assumptions and antenna models at both UE and gNB. Therefore, our preference is to compare/evaluate both codebook design alternatives after the use case(s) and the channel model/environment assumptions are agreed. 
Consider Alt2a and Alt3 for potential Rel-18 codebook structure
Down selection/prioritization of the codebook structure for high-speed codebook is made after corresponding use cases and channel model/environment assumptions are finalized
Note that it may be possible to support both Alt2a and Alt3 codebook structures as two potential solutions, such that the UE can toggle between a trivial Doppler domain basis transformation, i.e., identity matrix, and a non- trivial Doppler domain basis transformation, e.g., DFT transformation. Such toggling can be UE selected or network selected. Details are FFS
Study UE-based and/or network-based Doppler domain basis type transformation between a trivial basis, i.e., identity, and a non-trivial basis, e.g., DFT basis

CSI report timing
 For Rel-18 potential codebook for high-speed UEs, two alternative codebook designs exist for CSI prediction, as follows:
Alt1. UE-based prediction: The UE feeds back a CSI report at time t comprising CSI corresponding to a subsequent time slot t + tr, where the CSI is measured at a prior time t - tc 
Alt2. network-based prediction: The UE feeds back a CSI report at time t comprising CSI corresponding to a prior time slot t - tp, where the CSI is measured at a prior time t - tc, such that tc > tp. The gNB then predicts the CSI for a time t + tr corresponding to a time slot that is subsequent to that of the reported CSI feedback.
Given that, Alt1 relies on the UE to pursue the CSI prediction process based on prior CSI obtained at the UE via CSI-RS signaling, and possibly other reference signaling, e.g., TRS and/or PDSCH DMRS. On the other hand, Alt2 relies on the network side to predict the CSI based on a bundle of CSI reports/CSI report quantities being fed back to the gNB. Clearly, Alt1 is more advantageous since the UE can obtain a high-resolution characterization of the CSI given the received DL RSs, whereas for Alt2 the network only has access to low precision CSI, either through UL/DL channel reciprocity, which can hold only partially for FDD systems, or based on CSI feedback in transformed domains, e.g., transformed spatial/frequency DFT domains assuming Rel-16 like eType-II codebook structure. However, Alt1 may not be supported for all UE types, due to the memory and/or computation complexity corresponding to UE-based CSI prediction. Therefore, we support Alt2 as a basic feature, whereas Alt1 can be supported as a UE optional feature.
Support network-based CSI prediction as a basic feature, and UE-based CSI prediction as a UE optional feature
Note that for UE-based CSI prediction, both UE and network need to have a common understanding of the correspondence between the CSI quantities and their corresponding time intervals, e.g., if the UE reports K PMI values, an indication of the K time intervals for which the K PMI values apply needs to be signaled. For instance, details on the direction of signaling this indication as well as its format need to be discussed. 
Note that CSI resolution degradation in high-speed environments is to some extent inevitable due to the inverse proportionality between the channel coherence time and the UE speed. Given that, conventional CQI reported for the measured channel may be mismatched with the quality of the channel at the time of PDSCH transmission using the codebook-based precoder, i.e., CQI value(s) corresponding to estimated precoder at UE at time t may not match the CQI value(s) corresponding to the estimated precoder during PDSCH transmission at time t + t0. One intuitive solution to this issue is to report the CQI more frequently compared with PMI, e.g., CQI reporting with lower periodicity value compared with PMI, however, a clear disadvantage of this solution is the incurred CQI feedback overhead, especially with sub-band CQI reporting for large BWPs. Therefore, discussion on whether/how the CQI can be calibrated and/or updated to take into account the CQI mismatch is needed.
Discuss whether/how CQI is calibrated/updated to reduce the CQI mismatch due to weaker time correlation of the channel at higher UE speed

Time-domain channel property (TDCP) reporting
In RAN1#109-e, it was agreed to support TRS-based TDCP reporting as part of Rel-18 potential codebook enhancements. Two alternatives were agreed for down selection corresponding to TDCP reporting, as follows
· Alt1: stand-alone. TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or gNB-side CSI prediction, if 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 

In our opinion, supporting stand-alone TDCP would incur significant specification impact, since it requires designing two CSI reports under this agenda: a first CSI report corresponding to the Doppler codebook with NZP CSI-RS based CSI reporting, and a second CSI report corresponding to TRS based TDCP reporting. Given the limited TUs allocated to this WI, specifying both codebooks within the same release may be challenging. In light of that, we propose the following two modified alternatives:
Alt1a. Standalone TDCP reporting aggregated with a legacy CSI reporting for spatial/frequency-domain reporting, e.g., Rel-16 eType-II codebook or Rel-17 FeType-II PS codebook
· FFS: Whether standalone TDCP reporting is reported aperiodically, semi-persistently or based on event-triggered (UE-initiated) reporting
Alt2a. Non-standalone TDCP reporting corresponding to a subset of fields of potential Rel-18 codebook reporting
· FFS: Whether the TDCP related fields are measured via the same NZP CSI-RS resource used for measuring the remainder of the CSI report/codebook fields, or measured via a distinct CSI-RS resource/TRS
For TDCP reporting, consider the following two modified alternatives for down selection:
· Alt1a. Standalone TDCP reporting aggregated with a legacy CSI reporting for spatial/frequency-domain reporting, e.g., Rel-16 eType-II codebook or Rel-17 FeType-II PS codebook
· FFS: Whether standalone TDCP reporting is reported aperiodically, semi-persistently or based on event-triggered (UE-initiated) reporting
· Alt2a. Non-standalone TDCP reporting corresponding to a subset of fields of potential Rel-18 codebook reporting
· FFS: Whether the TDCP related fields are measured via the same NZP CSI-RS resource used for measuring the remainder of the CSI report/codebook fields, or measured via a distinct CSI-RS resource/TRS
In our opinion, Alt2a is preferred, since reporting TDCP should be associated with the codebook fields corresponding to high-speed CSI reporting. Fields corresponding to TDCP that are included in the CSI report should be decided after further details of the codebook design are agreed.
Support non-standalone TDCP reporting. Fields corresponding to TDCP are decided after further details of the codebook design are agreed

CSI-RS configuration
In RAN1#109-e, it was agreed to discuss the CSI-RS configuration associated with the potential Rel-18 codebook for high speed UEs. Based on the WID endorsed in RAN#94-e meeting, CSI-RS enhancements corresponding to potential Rel-18 codebook are not supported, and hence specification-based CSI-RS enhancements should be precluded. Since a burst of CSI-RS transmissions are needed for high-speed UE scenarios, whereas this burst is parametrized by the UE speed and CSI reporting time, it is reasonable to support semi-persistent CSI-RS transmission to be associated with potential Rel-18 codebook for high speed, such that the activation/deactivation of the semi-persistent CSI-RS transmission is parametrized by the time window corresponding to time-domain CSI compression/prediction that is configured as part of the CSI reporting configuration. Further details of the activation/deactivation, periodicity, and offset are FFS. Moreover, since the potential Rel-18 codebook design exploits time-domain channel correlation, it is reasonable to have a high-resolution characterization of the channel at a reference time slot, followed by channel tracking/CSI measurement refinements across subsequent slots. Hence, we support a CSI-RS configuration corresponding to two CSI-RS resources: a first CSI-RS corresponds to an aperiodic CSI-RS transmission, in which a high-resolution channel measurement is pursued, followed by a semi-persistent CSI-RS transmission in subsequent slots. 
Support aperiodic CSI-RS transmission followed by semi-persistent CSI-RS transmission corresponding to Rel-18 potential codebook for high-speed users. Details of the periodicity, offset and activation/deactivation of the  semi-persistent CSI-RS transmission are FFS   

Supported rank for high-speed UEs
One other important discussion point on potential codebook enhancement for high-speed scenarios is the supported rank. Since the time correlation of the channel heavily relies on the UE speed, CSI resolution is expected to be impacted by the UE motion for high-speed use cases. Table 1 illustrates a few examples of the channel coherence time as a function of the UE speed for a system with 4 GHz carrier frequency and 60 kHz sub-carrier spacing, which showcase the reduction in channel coherence time as the UE speed increases. Given that, a UE moving with high speed is expected to incur degradation of reported CSI resolution, due to the weaker correlation between the channel measured at time slot t with the channel at time slot t + to, when the codebook-based precoder is applied to the PDSCH transmission. As a result, the codebook design for high-speed scenarios should take this behavior into account, and the maximum reported rank should be lower than that specified for conventional Type-II codebooks. Given that, we suggest considering up to Rank 2 for high-speed based codebook design. Support of Rank > 2 is FFS.
Up to Rank 2 is supported for high-speed based codebook. Support of Rank > 2 is FFS   

	UE speed (km/h)
	Channel coherence time (slots)

	3
	360

	10
	108

	30
	36

	60
	18

	120
	9

	360
	3


[bookmark: _Ref101455547]Table 1. Channel coherence time (in slots) at Fc= 4GHz, SCS= 60kHz
Evaluation Scenarios 
For performance evaluation of CSI reporting via high-speed based codebook, both DL throughput and CSI feedback overhead should be considered as performance metrics to evaluate/compare performance of different candidate schemes. Additionally, different scenarios can be considered for evaluation, as follows:

Scenario 1: High-speed train model. Under this scenario, UE speed can reach up to ~500 km/h, with the assumption that the UE is moving along a straight line corresponding to the railway. Evaluation assumptions based on link-level simulations were already derived for Rel. 17 HST-SFN discussion.
 
Scenario 2: Highway model. Under this scenario, UE moves with speed up to ~120 km/h. System-level simulation based on Rural Macro model defined in TR 38.901 can be used for evaluation. Also, indoor car penetration loss can be modeled, as described in Section 7.4.3.2 of TR 38.901 [3].

Evaluate high-speed based codebook performance for both high-speed train scenario and indoor-car highway scenario
CSI enhancement for coherent joint transmission
[bookmark: _Hlk100228713][bookmark: _Hlk53958228]In RAN1#109-e [2], the following, was agreed for CSI enhancements under MIMO agenda
	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

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
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options

Agreement
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):


Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110

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
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· Indication of relative offset of reference FD basis per TRP with respect to a reference TRP
· Information related to the windows for FD basis
· Delay/frequency difference(s) across TRPs
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· For codebooks with per-TRP/TRP-group SD/FD basis (structure Alt1A/1B), whether to support co-amplitude/phase as a part of CSI report (explicit) or not (implicit)
· Design details of reference amplitudes and differential amplitudes in W2: 
· Whether/how supported parameter combinations are refined from Rel-16/17

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

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
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” 



For CJT, the same PDSCH layers are transmitted from multiple coordinated TRPs. One example of CJT with 2-TRP coordinated transmission is illustrated in Figure 1. CSI corresponding to the multiple coordinated TRPs is needed for determining the respective PMI, e.g., PMI1 and PMI2. This will increase CSI feedback overhead proportionally with the number of coordinating TRPs. Furthermore, providing high-resolution CSI feedback is instrumental to achieve notable performance gains corresponding to CJT. Given that, both DL throughput and CSI feedback overhead should be supported as performance metrics for simulation results throughout the study/work item discussion, e.g., throughput-overhead tradeoff figures/tables. In the sequel, aspects of codebook enhancement for CJT are discussed in further detail.



[bookmark: _Ref101350455]Figure 1. Illustration of CJT with two PMI feedback
Codebook design
In RAN1#109-e, it was agreed to use Rel-16 eType-II regular codebook and Rel-17 FeType-II PS codebook as baseline for Rel-18 potential CJT codebook design, with the possibility to prioritize/down-select from the two codebooks. Since Rel-17 FeType-II PS codebook is primarily designed for scenarios in which partial UL-DL channel reciprocity holds, it is preferred to prioritize Rel-16 eType-II codebook as a baseline codebook for potential Rel-18 codebook, since it is not restricted with the UL-DL channel reciprocity condition. Moreover, prioritizing regular codebook design over port-selection codebook design does not imply omitting the port-selection codebook design; a similar prioritization was applied in Rel-15 Type-II and Rel-16 eType-II codebook designs, where each included both a regular and a port-selection version of the codebook. Therefore, we support prioritizing Rel-16 eType-II codebook as a baseline for potential Rel-18 codebook design
Prioritize Rel-16 eType-II codebook as a baseline for potential Rel-18 CJT codebook design
Additionally, it was agreed in RAN1#109-e to consider the following codebook structures for potential Rel-18 codebook for down selection, as follows:
· 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):

Note that for Alt2, the UE would report a single set of M FD basis components, in which case the FD components are port group/TRP common, leading to restriction on FD basis selection. For Alt1A and Alt1B, relative co-phasing/amplitude are included in the codebook structures, which can potentially improve performance for joint transmission. For Alt1A, SD and FD bases are selected per TRP/TRP group, whereas for Alt1B, joint SD and FD basis are selected per TRP/TRP group. For Alt1B, the codebook structure is changed relative to legacy Type-II codebook from one TRP view. Moreover, the UE realization complexity is high for joint SD and FD basis selection and the actual performance gain compared with Alt1A needs careful evaluation, which may be related to the UE implementation capabilities, UE location and channel condition, e.g., distribution of the multi-path delay. In our view, Alt1A is more aligned with the legacy codebook structure, compared with Alt1B. Moreover, the realization complexity for SD and FD selection is small owing to separate SD/FD bases selection. Additionally, the co-amplitude coefficient per TRP can help provide some scaling corresponding to different TRPs due to variations in large-scale fading. Hence, we support Alt1A for potential CJT codebook design
Support Alt1A codebook design with per TRP PMI and co-amplitude/co-phase scaling per TRP 
For Alt.1A, relative co-phasing/amplitude (including WB and/or SB) are introduced in codebook structure based on per TRP/TRP group SD/FD basis selection. For relative co-amplitude/co-phase scaling, both wideband and subband reporting can be studied. For subband reporting,   have to apply to  since  and  are not explicitly associated with a given subband. Thus, codebook formulation for subband reporting can be denoted as:
, 
where ,  and  are co-amplitude and co-phase adjustment coefficients for the kth subband among  subbands. Moreover, relative co-amplitude/co-phase scaling can be layer specific since different adjustments can be made to different layers to achieve accurate coherent transmission, where  are designed with layer specific parameter reporting in legacy eType-II codebook. Moreover, subband reporting for relative co-phasing/amplitude may be reported by embedding into each non-zero coefficient in , i.e. reporting with the combined coefficients. Here, only strongest merged combination coefficient needs reporting with merging relative co-phasing/amplitude information, where no reporting is made in the legacy scheme. In this way, it can further reduce the reporting overhead.  
Study layer-specific and/or subband specific reporting of relative co-amplitude/co-phase scaling under Alt1A codebook design
One other aspect of potential Rel-18 CJT codebook design is reporting the total number of non-zero coefficients. In our opinion, two alternatives exist:
Alt1. Reporting the total number of non-zero coefficients across all TRPs in Part 1 of the CSI report, whereas the number of non-zero coefficients per TRP can be derived from the per TRP bitmap.
Alt2. Reporting the number of non-zero coefficients per TRP separately in the CSI report. FFS: whether/how they are reported across the two parts of the CSI report 
While Alt1 may result in less overall CSI feedback overhead, Alt2 has the advantage of having straightforward mapping between the reported number of non-zero coefficients and the respective PMI. Further study and down selection of both alternatives is needed. 
Further study whether/how the number of non-zero coefficients is reported in the CSI report, e.g., separately for each TRP or jointly for all TRPs
Assuming one CSI report comprises CSI for all N TRPs, the following issues/aspects need to be discussed
· Number of RI values per CSI report: Since under CJT all TRPs are expected to jointly transmit the same PDSCH layers, reporting one RI value suffices. 
· Number of PMI values per CSI report: This relies on the selected codebook design approach as discussed above. For Alt1A with separate PMI design approach, at least N PMIs are reported corresponding to the N TRPs.
· Number of CQI values per CSI report: Nominally, a CQI value needs to be reported for each CJT/single-TRP transmission hypothesis. Note that for N TRPs, a total of  transmission hypotheses can be supported. Therefore, an additional configuration/indication parameter that selects a subset of the valid transmission hypotheses is needed, especially for .
Study different aspects of the CSI reporting framework including the number of CSI reports per CSI report configuration, the number of PMI, CQI, and RI per CSI report
Regarding the remainder of codebook parameters, e.g., SD basis transformation type, SD basis size, FD basis transformation type, FD basis size, bitmap reporting, strongest coefficient indicator (SCI) reporting, coefficient amplitude and phase quantization, these parameters should reuse that of the legacy codebook, e.g., Rel-16 eType-II codebook.
For Alt1A codebook design, reuse legacy codebook configurations for SD basis transformation type, SD basis size, FD basis transformation type, FD basis size, bitmap reporting, SCI reporting, coefficient amplitude and phase quantization resolution
Generally, Rel. 16/17 Type-II codebooks support DL transmission for up to 4 layers. On the other hand, the gains of CJT are realized close to the cell edge, where two or more TRPs have a similar received signal strength at the UE, leading to a lower transmission rank compared with UEs close to the cell center. Given that, the maximum supported rank of the CJT codebook should be studied. Therefore, we suggest focusing on codebook designs with a maximum rank of two, and further study whether higher rank need to be supported.    
Support Rank 1, 2 transmission for CJT codebook. FFS: Support of Rank 3, 4

CSI-RS configuration
Another issue related to CJT is the CSI-RS resource association corresponding to each of the TRPs involved in joint transmission. Here, we list a few alternatives:
Alt1. Two TRPs share a same CSI-RS resource with different CSI-RS ports corresponding to different TRPs, e.g., distinct CDM groups per CSI-RS port group. This alternative utilizes less CSI-RS resources, and is compatible with Type-II codebook association with a single CMR. 
Alt2. Each TRP is associated with a distinct CSI-RS resource. This alternative is compatible with Rel. 17 NCJT framework with respect to allocating a distinct CMR per TRP.
On one hand Alt1 is a more concise solution since one CSI-RS resource is associated with each CJT hypothesis, whereas Alt2 is more aligned with Rel-17 NCJT CSI framework, in which each TRP is associated with a distinct NZP CSI-RS resource. While both alternatives are acceptable, our preference is to down select to only one of the two alternatives to avoid complicating the specification as well as the implementation 
For CSI-RS resource association for CJT, down select to one alternative only between Alt1 (N TRPs associated with N CSI-RS port groups of the same NZP CSI-RS resource) and Alt2 (N TRPs associated with N NZP CSI-RS resources)

Number of coherent TRPs
According to the Rel.18 MIMO WID [1], CSI enhancement for CJT should be studied for up to 4 TRPs. In our understanding, 4 is the candidate TRP number for CSI reporting. However, the maximum number of coordinated TRP for actual CJT in DL, which may be 2, 3, 4, needs more discussion. In our opinion, values {3,4} for the maximum number of TRPs for CJT should only be supported if the throughput gain corresponding to adding a third (and/or fourth) TRP for joint transmission exceeds the CSI feedback overhead cost corresponding to the additional TRP(s). Otherwise, the maximum TRP number for CJT should be restricted to 2, similar to NCJT. In our opinion, the default number of TRPs in CJT should be limited to two, with values {3,4} set as UE-optional values due to significant complexity and overhead 
The maximum value of the number of TRPs supported for CJT is two. The support of values {3,4} is optional
Note that if more than two TRPs coordinate for CJT in DL, a discussion on whether/how TCI state signaling is updated for >2 TRPs is needed. 
Study whether/how TCI state signaling is updated for CJT with >2 TRPs, if supported
Note that the number of TRPs involved in CJT can be either network-configured or UE-selected, where in a layout with N TRPs, up to 2N-1 transmission hypotheses exist, each corresponding to a distinct subset of TRPs involved in joint/single-TRP transmission. In our opinion, hypothesis selection should be network configured, similar to Rel-17 NCJT. In addition to compatibility with Rel-17 NCJT design, reusing Rel-17 NCJT hypothesis selection has the advantage of a better characterization of the UCI overhead, which needs to be known in advance for proper UL resource allocation by the network. Should the UE freely select the hypothesis, the network must allocate UCI bits corresponding to the worst-case scenario (in terms of UCI overhead), regardless of the UE-selected hypothesis
Reuse Rel-17 NCJT hypothesis selection framework for CJT with network-configured selection
Additionally, in order to limit the CSI feedback overhead increase for N >2 TRPs, one approach that can be adopted is to reduce the amplitude/phase coefficient reporting overhead via supporting two coefficient quantization schemes for CJT with two different resolutions, such that the coefficient quantization scheme with the higher resolution is supported for N = 2, whereas the coefficient quantization scheme with the lower resolution is supported for N > 2. Note that two alternatives exist:
Alt1. TRP-common quantization resolution: If N = 2, both TRPs are associated with a high-resolution quantization scheme. Otherwise, if N > 2, all N TRPs are associated with a lower-resolution quantization scheme.
[bookmark: _Hlk110687702]Alt2. TRP group-common quantization: For N > 2, the strongest 2 TRPs are associated with the higher resolution quantization scheme, whereas the remainder N - 2 TRPs are associated with the lower resolution quantization scheme
In our opinion, both alternatives should be studied. Details are FFS.
For CJT with N TRPs, support two coefficient quantization schemes with different resolution levels, with down selection from the following alternatives:
· Alt1. TRP-common quantization resolution: If N = 2, all TRPs are associated with the higher resolution quantization scheme, otherwise if N > 2, all TRPs are associated with the lower resolution quantization scheme
· Alt2. TRP group-common quantization: The strongest 2 TRPs are associated with the higher resolution quantization scheme, whereas if N > 2, the remainder N - 2 TRPs are associated with the lower resolution quantization scheme

PMI sharing for CJT-based CSI reporting
For CJT-based CSI reporting, the number of transmission hypotheses increases exponentially with the number of candidate TRPs. More precisely, a setup with N TRPs may correspond to up to  transmission hypotheses. Obviously, feeding back CSI corresponding to all the hypotheses may be infeasible at  TRPs, due to the large CSI feedback, mainly due to PMI feedback overhead. One solution for this issue would be adopting a PMI sharing approach across multiple hypotheses, i.e., CSI for single TRP can be used/exploited for CSI for CJT, or vice versa. Nominally, this leads to significantly reducing the CSI feedback overhead, since only up to N PMI would need to be reported to corresponding to all  transmission hypotheses. Other common information may include RI, and number of non-zero coefficients summed across all layers per PMI. Note that cross-PMI phase rotation/amplitude scaling parameters, if reported, may still need to be signaled separately for each transmission hypothesis. Further discussion is needed on whether/how the number of reported CQI values can be reduced compared with the number of transmission hypotheses. 
Evaluate whether/how PMI sharing across CJT and single-TRP transmission hypotheses can be supported
Joint transmission with mixed coherence assumptions
[image: ] 
[bookmark: _Ref101823019]Figure 2. Joint transmission with 4 TRPs, with ideal backhaul for the (TRP A, TRP B) and (TRP C, TRP D) link pairs, and non-ideal backhaul for all other TRP-TRP links
Based on Rel. 17 CSI framework, up to two TRPs can be supported for NCJT mode. Under NCJT, different TRPs transmit different sets of PDSCH layers given the lack of coherence due to non-ideal backhaul between the TRPs. On the other hand, coherence between TRPs can be realized thanks to the ideal backhaul between TRPs, which enables CJT across TRPs with a common set of PDSCH layers transmitted. While perfect coordination between >2 TRPs may be too optimistic, pairwise coherence between TRPs could be a more realistic design scenario, with perfect coordination across up to two TRPs only. Consider the example shown in Figure 2 with 4 TRPs, where TRP links (TRP A, TRP B) and (TRP C, TRP D) are equipped with ideal backhaul, whereas all other TRP-TRP links have non-ideal backhaul. Assume the 4 TRPs communicate jointly with the UE, where TRP A, TRP B coherently transmit PDSCH layers 1, 2 corresponding to one codeword, and TRP C, TRP D coherently transmit PDSH layers 3, 4 corresponding to the same codeword. Under this setup, Two CJT occasions occur for TRP A, TRP B pair as well as TRP C, TRP D, and additionally an NCJT occasion occurs across the two TRP pairs {TRP A, TRP B} and {TRP C, TRP D}. While this appears to be a compound joint transmission setup, it can be very interesting to study/evaluate, since it potentially strikes a good balance between multiplexing gain (corresponding to NCJT) and power gain (corresponding to CJT), especially for coordination across >2 TRPs. Rather than specifying this setup separately, potential Rel. 18 specification should be flexible enough to support such setup. Further details on whether/how this setup is supported is FFS.
Evaluate whether/how joint transmission with mixed coherence assumptions for N > 2 TRPs can be supported

Mapping order of CSI fields for CJT
For CJT-based CSI report, the reporting contents may include CSI for multiple TRPs including a maximum of N = 4 cooperative TRPs. The potential CSI report may include a distinct CSI Part 1 and CSI Part 2 for each TRP or a joint CSI Part 1 and CSI Part 2 for the cooperative TRPs, with each jointly designed CSI part comprising jointly encoded parameters across TRPs/TRP groups, e.g., joint basis selection and/or number of non-zero coefficients reporting. For Part 1 CSI, it may possibly include fields corresponding to RI, CQI, total number of non-zero coefficients across layers. For Part 2 CSI, it may include PMI for multiple cooperative TRPs, where some PMI parameters may be separately or jointly encoded for multiple cooperative TRPs. The bit mapping order of the CSI fields within the CJT CSI report should be carefully designed, given that some fields may exist for multiple cooperative TRPs. For instance, the mapping order of CSI fields may be based on concatenating N groups of bit sequences, each group comprising the CSI fields corresponding to a given TRP. Alternatively, the CSI fields may be grouped by concatenating different groups corresponding to different CSI report quantities, with each CSI report quantity comprising parameters that are ordered with respect to the TRP index. Furthermore, in case additional co-phase/co-amplitude scaling parameters are introduced for per TRP/TRP group SD/FD basis selection or per TRP/TRP group joint SD/FD basis selection, the mapping order of these TRP/TRP group common parameters needs to de decided, which may impact the conventional CSI report partitioning, e.g., modifying the existing group 0/1/2 partitioning of Part 2 CSI report.
Study the mapping order of CSI fields corresponding to CJT-based CSI reporting
Note that in the case of uplink resource scarcity, or in case the uplink channel quality is low, the resources allocated for UCI may not suffice to carry all CSI fields corresponding to the CJT-based CSI report(s), and hence the UE may need to omit a portion of the CSI report to adjust to the available uplink resources, e.g., via omitting a subset of Part 2 CSI. The conventional CSI omission is defined based on priority level for CSI reports for single TRP transmission, which is defined as Table 5.2.3-1 in TS 38.214 [4]. Part 2 CSI is omitted level by level, beginning with the lowest priority level until the target data requirement is met, i.e., the maximum number of levels of Part 2 CSI are transmitted given the constraints on the available UL resources and the target rate. When Part 2 CSI information for a particular priority level is omitted, the UE shall omit all of the information at that priority level. For CJT-based CSI report, the reporting contents may include CSI for multiple TRPs including a maximum of N ≤ 4 cooperative TRPs. The CSI omission scheme may need specific design corresponding to CJT CSI reporting, based on the reported CSI quantities as well as the number of cooperating TRPs. In detail, the CSI omission granularity, such as per TRP omission or joint TRP omission can be further studied for CJT-based CSI reporting. Similarly, whether supporting partial reporting of a CSI quantity in one priority reporting level can be discussed to achieve finer omission granularity. When joint TRP omission is made based on defined bit groups, bit priority for determining CSI bits in group 1 or 2 of a CJT CSI report would need to be further studied. 
Study CSI omission for CJT-based CSI reporting
Conclusion
This contribution addressed CSI enhancements for NR Rel. 18, including enhancements for high mobility scenarios as well as CSI enhancements for CJT. 
For CSI enhancements for high mobility, we have the following proposals:
1. Prioritize Rel-16 eType-II codebook as a baseline for potential Rel-18 codebook design 
1. For Alt2a codebook structure, support orthogonal DFT design of Doppler transformation matrix. Whether rotation of the Doppler transformation matrix is supported is FFS 
1. Further discuss signaling corresponding to Doppler domain transformation matrix
1. For Alt3 codebook structure, Doppler transformation matrix Wd is an identity matrix
1. Consider Alt2a and Alt3 for potential Rel-18 codebook structure
1. Down selection/prioritization of the codebook structure for high-speed codebook is made after corresponding use cases and channel model/environment assumptions are finalized
1. Study UE-based and/or network-based Doppler domain basis type transformation between a trivial basis, i.e., identity, and a non-trivial basis, e.g., DFT basis
1. Support network-based CSI prediction as a basic feature, and UE-based CSI prediction as a UE optional feature
1. Discuss whether/how CQI is calibrated/updated to reduce the CQI mismatch due to weaker time correlation of the channel at higher UE speed
For TDCP reporting, consider the following two modified alternatives for down selection:
· Alt1a. Standalone TDCP reporting aggregated with a legacy CSI reporting for spatial/frequency-domain reporting, e.g., Rel-16 eType-II codebook or Rel-17 FeType-II PS codebook
· FFS: Whether standalone TDCP reporting is reported aperiodically, semi-persistently or based on event-triggered (UE-initiated) reporting
· Alt2a. Non-standalone TDCP reporting corresponding to a subset of fields of potential Rel-18 codebook reporting
· FFS: Whether the TDCP related fields are measured via the same NZP CSI-RS resource used for measuring the remainder of the CSI report/codebook fields, or measured via a distinct CSI-RS resource/TRS
1. Support non-standalone TDCP reporting. Fields corresponding to TDCP are decided after further details of the codebook design are agreed
1. Support aperiodic CSI-RS transmission followed by semi-persistent CSI-RS transmission corresponding to Rel-18 potential codebook for high-speed users. Details of the periodicity, offset and activation/deactivation of the  semi-persistent CSI-RS transmission are FFS
1. Up to Rank 2 is supported for high-speed based codebook. Support of Rank > 2 is FFS
1. Evaluate high-speed based codebook performance for both high-speed train scenario and indoor-car highway scenario
For CSI enhancements for CJT, we have the following proposals: 
1. Prioritize Rel-16 eType-II codebook as a baseline for potential Rel-18 CJT codebook design 
1. Support Alt1A codebook design with per TRP PMI and co-amplitude/co-phase scaling per TRP
1. Study layer-specific and/or subband specific reporting of relative co-amplitude/co-phase scaling under Alt1A codebook design
1. Further study whether/how the number of non-zero coefficients is reported in the CSI report, e.g., separately for each TRP or jointly for all TRPs
1. Study different aspects of the CSI reporting framework including the number of CSI reports per CSI report configuration, the number of PMI, CQI, and RI per CSI report
1. For Alt1A codebook design, reuse legacy codebook configurations for SD basis transformation type, SD basis size, FD basis transformation type, FD basis size, bitmap reporting, SCI reporting, coefficient amplitude and phase quantization resolution
1. Support Rank 1, 2 transmission for CJT codebook. FFS: Support of Rank 3, 4
1. For CSI-RS resource association for CJT, down select to one alternative only between Alt1 (N TRPs associated with N CSI-RS port groups of the same NZP CSI-RS resource) and Alt2 (N TRPs associated with N NZP CSI-RS resources) The maximum value of the number of TRPs supported for CJT is two. The support of values {3,4} is optional 
1. The maximum value of the number of TRPs supported for CJT is two. The support of values {3,4} is optional
1. Study whether/how TCI state signaling is updated for CJT with >2 TRPs, if supported
Reuse Rel-17 NCJT hypothesis selection framework for CJT with network-configured selection 
For CJT with N TRPs, support two coefficient quantization schemes with different resolution levels, with down selection from the following alternatives:
· Alt1. TRP-common quantization resolution: If N = 2, all TRPs are associated with the higher resolution quantization scheme, otherwise if N > 2, all TRPs are associated with the lower resolution quantization scheme
· Alt2. TRP group-common quantization: The strongest 2 TRPs are associated with the higher resolution quantization scheme, whereas if N > 2,the remainder N - 2 TRPs are associated with the lower resolution quantization scheme
1. Evaluate whether/how PMI sharing across CJT and single-TRP transmission hypotheses can be supported
1. Evaluate whether/how joint transmission with mixed coherence assumptions for N > 2 TRPs can be supported
1. Study the mapping order of CSI fields corresponding to CJT-based CSI reporting
1. Study CSI omission for CJT-based CSI reporting
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