3GPP TSG RAN WG1 #110			R1-2207322 
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.1.2

Source:	Apple Inc.
Title:	Views on Rel-18 MIMO CSI enhancement
Document for:	Discussion/Decision
Introduction
In the following, we summarize the NR CSI design evolution from Rel-15/16/17. 
· In Rel-15, both Type I and Type II codebook were introduced for advanced PMI reporting. The codebook structure relies on  in which  is the spatial bases selection matrix, and  is the combination coefficient matrix. Spatial bases are constructed based on the oversampled two-dimensional DFT matrix 
· For Type I codebook, both single panel and multiple panel codebook are supported 
· For Type II codebook, both regular Type II and port selection codebook are supported 
· In Rel-16, to reduce Type II codebook CSI overhead, frequency domain compression was introduced for enhanced Type II codebook based on frequency bases. Frequency bases are constructed based on DFT matrix. The codebook structure of the enhanced Type II codebook is  in which  is the spatial bases selection matrix,  is the combination coefficient matrix, and  is frequency bases selection matrix.
· In Rel-17, Type II port selection is further enhanced by allowing more flexible port selection while restricting the frequency bases selection. In addition, CSI report enhancement was introduced to support Non-Coherent Joint Transmission (NCJT). However, the scope of CSI enhancement for NCJT is only limited to Type I codebook and only covers the Single-DCI Multi-TRP scheme 1a, i.e., SDM scheme
In Rel-18, as part of the approved WID in RP-213598, [1], the following two objectives are considered for CSI enhancement 
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e., 32



In last RAN1 meeting #109e [2], the following agreement/conclusion were reached regarding Rel-18 CSI enhancement 
	Agreement 
On Rel-18 CSI enhancement EVM for SLS, use what is captured in the excel spreadsheet in R1-2205289

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
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 few peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance

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 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 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” 

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 contribution, we provide our views on the CSI enhancement in the following three areas 
· Type-II codebook refinement for Coherent Joint Transmission (CJT) for Multi-TRP (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 (TRS)
Type-II codebook refinement for CJT
Figure below illustrates one example of the Coherent Joint Transmission (CJT) from 4 TRPs. Each TRP is configured with 2x2 linear antenna array in which there are 2 V-Pol and 2 H-Pol antenna elements per vertical and per horizontal direction. 
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Figure 1 Illustration of Coherent Joint Transmission (CJT) from 4 TRP
According to the WID objective, we should assume “ideal backhaul and synchronization” among TRPs participating in the CJT. With this strong assumption, in our understanding, the goal is to design a Multi-Panel Type II codebook similar as Multi-Panel Type I codebook. 

Regarding the scope of the work, we have the following proposal 
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook
· Strive to have a common Type II codebook refinement to support up to 4 TRPs

Proposal 1.1, For Type-II codebook refinement for CJT, in terms of the scope of the work
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook
•	Strive to have a common Type II codebook refinement to support up to 4 TRPs

In terms of the CMR configuration, in Rel-15/16/17, CRI report is not allowed for Type-II codebook, i.e., Type-II codebook can only be configured with 1 CMR. Furthermore, in terms of the supporting multiple panels or TRPs for CSI
· In Rel-15 Type-I MP codebook, different panels are logically mapped to different CSI-RS ports in the same CSI-RS resource
· In Rel-17 Type-I codebook enhancement for NCJT, different CSI-RS resources in the same CSI-RS resource set are mapped to different TRP
· In Rel-17 group based beam report enhancement different CSI-RS resource sets are mapping to different TRP
Therefore, we have the following proposal

Proposal 1.2, For Type-II codebook refinement for CJT, in terms of the CMR configuration 
· Only one CSI-RS resource can be configured as CMR per TRP/TRP-group, downselect one of the following alternatives 
· Alt 1: All TRPs/TRP-groups share the same CSI-RS resource 
· Different TRP/TRP-groups can be associated with different CSI-RS ports
· Alt 2: Each TRP/TRP-group is configured with independent CSI-RS resource 
· Different TRP/TRP-groups can be associated with different CSI-RS resource
· Further consider the limitation on the total number of CSI-RS ports as CMR configured across all TRPs, e.g., 32

In terms of the codebook structure, we think we should reuse the legacy Type-II process as much as possible. Therefore, we have the following proposal 

Proposal 1.3,For Type-II codebook refinement for CJT, in terms of the codebook structure
· Support codebook structure Alt1A, i.e.,
  
· Support SD/FD basis design Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based
Type-II codebook refinement exploiting time-domain correlation
Regarding the scope of the work on Type-II codebook refinement exploiting time-domain correlation, we have the following proposal 
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook

Proposal 2.1, For Type-II codebook refinement exploiting time-domain correlation, in terms of the scope of the work
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook

At RAN1 #109-e, Alt. 1-A and Alt. 2-A were described mathematically. A key consideration for Alt. 1-B and Alt. 2-B is that the associated feedback overhead may be less than that for Alt. 1-A and Alt. 2-A. One example is constructed below, even though there are a number of spatial beams, FD components, TD components selected, and the dimensions of  is large, but  can be rather sparse or exhibit patterns due to the limited number of clusters and their corresponding Doppler shifts. In this case, constructing the precoding codeword as a summation over  multiple groups of triplets {selected spatial beams, selected FD components, TD components corresponding to the selected SD/FD bases} may lead to a lower feedback overhead.    
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Figure 2 Overhead issue in Alt-1 A/2-A
In our view, Alt. 1-B and Alt. 2-B can be formulated as follows:

The codeword structure with Alt. 1-B is given by

where  is the number of groups for SD/FD sub-selection,   () ,  (), and  ()  are the sub-selection of FD components , spatial beams , and TD components , and  is a matrix of appropriate dimension accordingly. With such generic formulation, the number of selected FD components in each group can be different, and the number of selected TD components in each group can be different, and the number of selected spatial beams in each group can be different. Perhaps restriction can be imposed to limit the sub-selection signaling overhead. In the case that  then Alt. 1-B reverts back to Alt. 1-A. 

Similarly, the codeword construction with Alt. 2-B is given by 

where  is the number of groups for SD/FD sub-selection. In the case that  then Alt. 2-B reverts to Alt. 2-A. 
In one example depicted in the above figure, there are  different taps in the MIMO channel, and each tap is associated with a different spatial beam and a different Doppler frequency. With Alt. 1-A, since there are  different taps,  different spatial beams, and different TD components,  the matrix  is of size In contrast, with Alt. 1-B,  is of size , hence the overhead for the bitmap(s) to represent the nonzero linear combination coefficients can be much less than that for Alt. 1-A, though some signaling overhead is incurred for the sub-selection of FD components/spatial beams/TD components. For each group (in this case for each tap),  bits are incurred for sub-selection in the FD components,  bits for sub-selection in the TD components,  bits for sub-selection in the spatial beams. Hence the sub-selection overhead is given by . Additionally considering the overhead for  bitmaps, and the total feedback overhead is given by . With  the overhead to signal sub-selection and represent  is 28 bits, which compares favourably with 64 bits with Alt 1-A.
Mathematically, it can be shown that Alt-1A and Alt.2-A are equivalent, and Alt.-1 B and Alt.-2 B are also equivalent. Given overhead reduction in CSI feedback has been a driving theme since Rel-15, we suggest the overhead associated with Alt.1-A/1-B/2-A/2-B be evaluated and decision be taken accordingly.

In terms of the codebook design, we think both Alt1A and Alt2A are similar, and Alt.1 B and Alt.2 B are also similar, therefore, we have the following proposal 

Proposal 2.2, For Type-II codebook refinement exploiting time-domain correlation, in terms of the codebook structure
· Support one of the codebook structures Alt 1A, Alt 2A, Alt. 1B or Alt. 2B.
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g., 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g., 
· Alt.1B: 
where  is the number of groups for SD/FD sub-selection.  
·  is supported.
· Alt. 2B: 
 where  is the number of groups for SD/FD sub-selection. 
·  is supported.

· Support DD/TD basis design Alt1. Orthogonal DFT without rotation factor

In terms of the CMR configuration, we proposal to consider a burst of time domain equally spaced CSI-RS as CMR illustrated by the following figure
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Figure 3 Configure a burst of time domain equally spaced CSI-RS as CMR

Proposal 2.3, For Type-II codebook refinement exploiting time-domain correlation, in terms of the CMR configuration, consider a burst of time domain equally spaced CSI-RS as CMR
· For periodic and semi-persistent CMR, configure the burst of CSI-RS for each CMR occasion
· For aperiodic CMR, configure CSI-RS resource set over multiple slots 
In terms of the time domain relation between 
· CSI-RS measurement windows of  
· CSI reporting window of 
· CSI reference resource in time domain as 
Our proposal is that 
· CSI reference resource is used to define the minimum time required for CSI processing, should be the last CSI-RS resource in the CSI-RS measurement window
· As basic feature, UE is not required to perform CSI prediction, i.e., 
· Additionally as UE optional feature, we can consider UE to perform CSI prediction, i.e., 
The following figure illustrates the time domain relation 

Proposal 2.4, For Type-II codebook refinement exploiting time-domain correlation, in terms of the time domain relation 
· CSI reference resource is used to define the minimum time required for CSI processing, should be the last CSI-RS resource in the CSI-RS measurement window
· As basic feature, UE is not required to perform CSI prediction, i.e., 
· Additionally as UE optional feature, we can consider UE to perform CSI prediction, i.e., 
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Figure 4 Time domain relation between CSI report window/measurement window/reference resource
UE reporting of TDCP measured via TRS
For UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking (TRS) , we have the following proposal 

Proposal 3.1, For UE reporting of TDCP measured via TRS
· TDCP parameters: consider Alt1. Doppler shift and Alt2. Doppler spread
· TDCP reporting format: support Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
Conclusion
In contribution, we provide our views on the CSI enhancement in the following three areas for Rel-18 MIMO evolution 
· Type-II codebook refinement for Coherent Joint Transmission (CJT) for Multi-TRP (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 (TRS)

Type-II codebook refinement for CJT
Proposal 1.1, For Type-II codebook refinement for CJT, in terms of the scope of the work
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook
•	Strive to have a common Type II codebook refinement to support up to 4 TRPs

Proposal 1.2, For Type-II codebook refinement for CJT, in terms of the CMR configuration 
· Only one CSI-RS resource can be configured as CMR per TRP/TRP-group, downselect one of the following alternatives 
· Alt 1: All TRPs/TRP-groups share the same CSI-RS resource 
· Different TRP/TRP-groups can be associated with different CSI-RS ports
· Alt 2: Each TRP/TRP-group is configured with independent CSI-RS resource 
· Different TRP/TRP-groups can be associated with different CSI-RS resource
· Further consider the limitation on the total number of CSI-RS ports as CMR configured across all TRPs, e.g., 32

Proposal 1.3,For Type-II codebook refinement for CJT, in terms of the codebook structure
· Support codebook structure Alt1A, i.e.,
  
· Support SD/FD basis design Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based

Type-II codebook refinement exploiting time-domain correlation
Proposal 2.1, For Type-II codebook refinement exploiting time-domain correlation, in terms of the scope of the work
· Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook

Proposal 2.2, For Type-II codebook refinement exploiting time-domain correlation, in terms of the codebook structure
· Support one of the codebook structures Alt 1A, Alt 2A, Alt. 1B or Alt. 2B.
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g., 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g., 
· Alt.1B: 
where  is the number of groups for SD/FD sub-selection.  
·  is supported.
· Alt. 2B: 
 where  is the number of groups for SD/FD sub-selection. 
·  is supported.
· 
· Support DD/TD basis design Alt1. Orthogonal DFT without rotation factor

Proposal 2.3, For Type-II codebook refinement exploiting time-domain correlation, in terms of the CMR configuration, consider a burst of time domain equally spaced CSI-RS as CMR
· For periodic and semi-persistent CMR, configure the burst of CSI-RS for each CMR occasion
· For aperiodic CMR, configure CSI-RS resource set over multiple slots 

Proposal 2.4, For Type-II codebook refinement exploiting time-domain correlation, in terms of the time domain relation 
· CSI reference resource is used to define the minimum time required for CSI processing, should be the last CSI-RS resource in the CSI-RS measurement window
· As basic feature, UE is not required to perform CSI prediction, i.e., 
· Additionally as UE optional feature, we can consider UE to perform CSI prediction, i.e., 

UE reporting of TDCP measured via TRS
Proposal 3.1, For UE reporting of TDCP measured via TRS
· TDCP parameters: consider Alt1. Doppler shift and Alt2. Doppler spread
· TDCP reporting format: support Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
Reference 
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, 3GPP TSG RAN Meeting #94e, Electronic Meeting, Dec. 6 - 17, 2021
[2] Chairman Notes, 3GPP TSG RAN WG1 #109-e, e-Meeting, May 9th – 20th, 2022
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