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Introduction
In RAN1 #109, the following agreements on CSI enhancement have been achieved.
	Agreement 
On Rel-18 CSI enhancement EVM for SLS, use what is captured in the excel spreadsheet in R1-2205289

Agreement 
On Rel-18 CSI enhancement EVM for LLS (only for TRS-based TDCP), companies can use the following simulation assumptions:
· For mTRP 120kmph and over, use Rel-17 HST assumptions (cf. section 2.1 in R1-2007201)
· For sTRP up to 120km/h: 

	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20MHz, 100MHz

	TRS bandwidth
	20MHz, 100MHz

	Channel model
	Alt. 1: TDL channels with uncorrelated antenna elements with first priority on TDL-A 
while the use of other TDL channels isn’t precluded

Alt. 2: CDL channels with first priority on CDL-A 
while the use of other CDL channels isn’t precluded

	Delay spread 
	10ns, 30ns, 100ns, 300ns, and 1000ns

	UE velocity
	3km/h, 10km/h, 20km/h, 30km/h, 60km/h, 120km/h

	Antennas at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)
For TRS based Doppler accuracy evaluations a single UE antenna may also be used
Other configurations are not precluded.

	Antennas at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
For TRS based Doppler accuracy evaluations a single gNB port may also be used.
Other configurations are not precluded.

	Link adaptation
	For TRS based Doppler accuracy: Not applicable
For mode selection performance: Adaptation of both MCS and rank. 

	Evaluation metrics for measurement accuracies
	RMS error, Standard deviation, Bias

	Evaluation metric for Doppler based mode selection
	User throughput



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

R1-2204540	CSI enhancement for high/medium UE velocities and CJT	Nokia, Nokia Shanghai Bell

R1-2205362	Moderator Summary#3 on Rel-18 CSI enhancements: ROUND 3	Moderator (Samsung)

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 this contribution, we provide some discussion on CSI enhancement.
CSI for CJT
CSI framework
To measure the CSI for CJT, UE may need to measure multiple CMRs, where a CMR is transmitted from a TRP. For TRP combination selection, it is possible to configure different CMR groups for different TRP combinations, where the CMRs within a CMR group come from several TRPs. By reporting a CMR group index, UE can recommend a TRP combination to gNB. 
For interference measurement, there can be two possible ways: one is to configure one IMR associated with a CMR; the other is to configure one IMR associated with a CMR group. The first way could potentially lead to higher overhead. FR2 UEs to apply different Rx beams to receive different CMRs/IMRs. The second way may require FR2 UE to support simultaneous multiple Rx beams to receive the IMR. But if the CMRs in a CMR group require different QCL-TypeD operation, it is possible for UE to apply multiple Rx beams to receive a single IMR. Thus, with regard to overhead, one IMR associated with all CMRs in a CMR group could be sufficient.
In addition, with regard to AGC factor impact, where UE may apply different AGC factors for different slots, it is better the CMRs from different TRPs should be transmitted within a slot, so that a common AGC factor can be applied to these CMRs.
Proposal 1: Support to configure N CMR groups, where the CMRs within a group correspond to CSI-RSs from a set of TRPs.
Proposal 2: Support to configure up to one IMR associated with CMRs in a CMR group.
Proposal 3: With regard to AGC impact, the CMRs in a CMR group should be transmitted in a slot.
CSI measurement for CJT
In RAN1 #109 meeting, the following agreements on codebook for CJT have been agreed.
	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):





Compared to Alt2, Alt1A and Alt1B could be better for parallel processing, as UE can search the precoder for each TRP independently. Then UE can try to identify the combining factors . For Alt1A and Alt1B, the Alt1B requires a joint SD-FD basis, which could increase the UE complexity for SD-FD basis search quite a lot. In addition, it could require UE to perform SVD for the whole channel, which is hard for UE implementation. Therefore, among the alternatives, Alt1A is preferred.
Proposal 4: Support Alt1A for codebook for CJT.
For CQI measurement, the power offset between the CSI-RS and PDSCH should be clarified. In Rel-15, the EPRE ratio (Pc) between CSI-RS and PDSCH is configured by RRC signaling. But for CSI measurement for CJT, the PDSCH could be from multiple cells, and the EPRE ratio between a CSI-RS and the PDSCH can depend on the number of TRPs for the PDSCH transmission. Thus, the EPRE ratio should be defined as the EPRE ratio between CSI-RS and PDSCH from the same TRP.
Proposal 5: For CQI measurement for CJT, the EPRE ratio (Pc) should be defined as the EPRE ratio between CSI-RS and PDSCH from the same TRP.
CSI for high/medium UE velocities
CSI-RS configuration
For CSI report based on P/SP CSI-RS, a CSI-RS resource is transmitted periodically. Then it is easy to measure the CSI from multiple CMR instances. But for CSI report based on aperiodic CSI-RS, each aperiodic CSI-RS resource can be transmitted once. To support CSI measurement based on multiple instances of an aperiodic CSI-RS resource, the aperiodic CSI-RS should be transmitted in a burst-like manner. Then the CSI framework should allow the aperiodic CSI-RS transmitted in a burst-like manner.
One possible way is to configure the number of triggered instances and the interval between two consecutive instances for an aperiodic CSI-RS resource. Another possible way is to trigger a CSI-RS resource set with repetition=on, where the CSI-RS resources within the set can be assumed as instances for a CSI-RS resource. However, there could be two issues for the second way: the first one is that the RRC parameter repetition is used to identify the CSI-RS for BM; the second one is that the CSI-RS resources in a resource set should be transmitted within a slot. Thus the first way is preferred.
Proposal 6: Support to trigger an aperiodic CSI-RS resource in a burst-like manner.
Codebook
In RAN1 #109, the following alternatives have been agreed on codebook for CSI for high/medium UE velocities.
	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.



The Time domain (TD) or Doppler-domain (DD) basis should be fundamentally the same. The UE location should not change significantly, so the SD/FD basis can be assumed consistent for the measured N CMR instances. Then it is unnecessary to define different DD basis for different SD/FD bases. Thus, Alt1A/Alt2A should be preferred compared to Alt1B/Alt2B. Alt3 could lead to more overhead compared to Alt1 and Alt2.
Proposal 7: Support Alt1A/Alt2A on codebook for CSI for high/medium UE velocities.

CMR instance identification
In RAN1 #109, the following alternatives have been agreed on codebook for CSI for high/medium UE velocities.
	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



For CSI measured from multiple CMR instances, it is possible to predict the CSI for future slots. The CSI-RS measurement should be performed in UE side. But the CSI prediction, which requires time domain interpolation, can be done in either gNB side or UE side. Thus, the CSI framework should be flexible enough for both options. To report the CSI-RS based on the actual CMR instances, the CSI-RSs in the measurement window should be selected, which should be Alt3.A as shown in Figure 1. 


Figure 1: CSI report based on actual CMR instances

To report the CSI based on predicted CSI with time domain interpolation, the “virtual CMR instances” should be selected as instances starting from the CSI report slot as shown in Figure 2, which is aligned with Alt 2.B. If gNB is able to perform the CSI prediction, it can require UE to report the CSI based on the actual CMR instances. If gNB is unable to perform the CSI prediction but UE is able to do CSI prediction, the gNB can configure UE to report CSI based on “virtual CMR instances” for CSI prediction.


Figure 2: CSI report with CSI prediction based on virtual CMR instances
Therefore the CSI for high/medium UE velocities should support both high-performance UE and low-performance UE. The high-performance UE is able to perform CSI prediction in addition to CSI measurement based on actual CMR instances, i.e. measure and report CSI based on virtual CMR instances after CSI report. The low-performance UE is only able to perform CSI measurement and report based on actual CMR instances.
Proposal 8: Support both Alt 2.B and Alt 3.A for CMR instances for CSI report, where gNB can indicate which alternative to be used and support of Alt 2.B is an optional UE feature.
CQI/LI measurement
The channel energy for CSI measured from each CMR instances could be different. It is necessary to identify the CMR instance for CQI/LI measurement. One possible way is to report the CQI/LI based on the CMR instance closed to the CSI report slot. For Alt 2.B, the CQI/LI should be reported based on the predicted CSI from the first virtual CMR instance. For Alt 3.A, the CQI/LI should be reported based on the latest measured actual CMR instance.
Proposal 9: The CQI/LI should be measured based on the actual/virtual CMR instance most closed to the CSI report slot.
· For CSI measured from actual CMR instance, the CQI/LI should be measured based on the last valid actual CMR instance that meet the minimal CSI processing delay
· For CSI measured from virtual CMR instance, the CQI/LI should be measured based on the first virtual CMR instance.
TDCP report
CMR for TDCP report
In RAN1 #109, it was agreed that the TDCP should be measured based on TRS. It was also agreed that TDCP can be used to assist gNB to determine CSI reporting configuration and CSI prediction. 
	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




The phase shift for a channel path k as a result of Doppler shift can be calculated as follows:



where  indicates the waveform length, which is determined by the carrier frequency;  denotes the time;  is the ZoA for channel path k;  is the AoA for channel path k;  indicates the UE’s moving speed;  is the moving direction in vertical;  is the moving direction in horizontal.
It can be observed that the phase offset for different channel paths can be different as the AoA/ZoA for the channel paths can be different. Therefore the TDCP measured from TRS with different precoding schemes can be different. There can be two options to configure the TRS for TDCP report:
· Option 1: TDCP measured based on precoded TRSs 
· Option 2: TDCP measured based on non-precoded TRS
In option 1, the gNB can apply the precoder based on the latest reported CSI to the each TRS, then based on the reported TDCP, gNB can perform CSI prediction.  In option 2, the TRS configured in active TCI state can be used for TDCP report. Then the reported TDCP can assist gNB to decide when to trigger CSI report. Therefore, for CMR configuration for TDCP report, the following options should be supported:
· Option 1: Configure N TRSs as CMRs, where N is equal to the maximum rank from the configured rank restriction
· Option 2: Do not configure any CMR, and the TRS(s) configured in active TCI state(s) are used for TDCP measurement and report
Proposal 10: With regard to different TRS precoding schemes, support the following options for CMR configuration for TDCP report:
· Option 1: Configure N TRSs as CMRs, where N is equal to the maximum rank from the configured rank restriction
· Option 2: Do not configure any CMR, and the TRS(s) configured in active TCI state(s) are used for TDCP measurement and report
In addition, the 1-slot based TRS structure is not feasible for TDCP measurement, as the Doppler shift measurement requires measurement for DL signals from at least two different time offsets. Thus the TRS configured for TDCP measurement report should be 2-slot based TRS structure. 
Proposal 11: The TRS configured for TDCP measurement should be based on 2-slot structure.
Report quantity for TDCP
A multi-path channel can be obtained as follows:

where the  indicates the factors that are not related to the time,  indicates the Doppler shift and K is the maximum number of paths.
The channel can be written as:


So for CSI report, only the  could lead to potential CSI change as a result of Doppler impact. But as the amplitude for each path could be different, and only the strong paths could lead to potential CSI change. So the TDCP report should only consider the Doppler shifts for strongest N paths.
For TDCP measured from non-precoded TRS, the maximum Doppler shifts offset, i.e. maximum Doppler shift minus minimal Doppler shift, for strongest N paths can be considered as the report quantity for TDCP. For TDCP measured from precoded TRS, the Doppler shift from the strongest path can be considered as the report quantity. In addition, it is better to report the L1-RSRP for this TRS so that the gNB can get the energy for the beam.
[bookmark: _GoBack]In addition, another possible way is to report the CIR directly. The CIR can be used not only for TDCP report, but also for AI/ML based operation, e.g. AI/ML based beam selection and AI/ML based positioning. Compared to Doppler shift related report, CIR can provide more comprehensive information but it could be with higher overhead. 
Proposal 12: Support gNB to configure UE to report TDCP based on one of the following options:
· Option 1: Doppler shift measured from the strongest path 
· Option 2: Maximum Doppler shift minus minimal Doppler shift measured from the strongest N paths

TDCP report associated with other CSI
In RAN1 #109, two alternatives on the report quantity for TDCP report were identified as follows:
	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)




The TDCP measurement can be performed based on TRS only. It is unnecessary to report the TDCP associated with other CSIs. In addition, for precoded TRS based TDCP measurement, the precoder for the TDCP can be derived based on some prior CSI. Thus, to report TDCP and CSI simultaneously may unnecessarily increase the reporting overhead.
Proposal 13: For TRS-based TDCP reporting, support Alt1 (stand-alone report). 

Priority for TDCP report
In Rel-15, the priority for beam report is higher than that for CSI report. As a new report quantity, the priority for TDCP report should be defined. As the TDCP report is used to facilitate CSI report configuration schemes, it may not have more significant impact on the performance than CSI report. Thus CSI report should be prioritized. Then the priority should be beam report > CSI report > TDCP report.
Proposal 14: The priority for TDCP report should be lower than CSI report and beam report, when CSI report collision happens.

Conclusion
In this contribution, we provided discussion on CSI enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Support to configure N CMR groups, where the CMRs within a group correspond to CSI-RSs from a set of TRPs.
Proposal 2: Support to configure up to one IMR associated with CMRs in a CMR group.
Proposal 3: With regard to AGC impact, the CMRs in a CMR group should be transmitted in a slot.
Proposal 4: Support Alt1A for codebook for CJT.
Proposal 5: For CQI measurement for CJT, the EPRE ratio (Pc) should be defined as the EPRE ratio between CSI-RS and PDSCH from the same TRP.
Proposal 6: Support to trigger an aperiodic CSI-RS resource in a burst-like manner.
Proposal 7: Support Alt1A/Alt2A on codebook for CSI for high/medium UE velocities.
Proposal 8: Support both Alt 2.B and Alt 3.A for CMR instances for CSI report, where gNB can indicate which alternative to be used and support of Alt 2.B is an optional UE feature.
Proposal 9: The CQI/LI should be measured based on the actual/virtual CMR instance most closed to the CSI report slot.
· For CSI measured from actual CMR instance, the CQI/LI should be measured based on the last valid actual CMR instance that meet the minimal CSI processing delay
· For CSI measured from virtual CMR instance, the CQI/LI should be measured based on the first virtual CMR instance.
Proposal 10: With regard to different TRS precoding schemes, support the following options for CMR configuration for TDCP report:
· Option 1: Configure N TRSs as CMRs, where N is equal to the maximum rank from the configured rank restriction
· Option 2: Do not configure any CMR, and the TRS(s) configured in active TCI state(s) are used for TDCP measurement and report
Proposal 11: The TRS configured for TDCP measurement should be based on 2-slot structure.
Proposal 12: Support gNB to configure UE to report TDCP based on one of the following options:
· Option 1: Doppler shift from the strongest path and L1-RSRP
· Option 2: Maximum Doppler shift minus minimal Doppler shift measured from the strongest N paths
Proposal 13: For TRS-based TDCP reporting, support Alt1 (stand-alone report). 
Proposal 14: The priority for TDCP report should be lower than CSI report and beam report, when CSI report collision happens.
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