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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, time-domain channel property reporting enhancements, 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 the three aforementioned scenarios.
CSI enhancement for high/medium UE velocities
In RAN1#110 [2], the following, was agreed for CSI enhancements for high/medium velocities under MIMO agenda
	[bookmark: _Hlk114746969]Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· 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
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE

Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the assumption of the UE-side prediction 
· On the definition of UE-side prediction, down-select one from the following alternatives:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 
· Alt3. UE “predicting” channel/CSI after the slot where CSI-RS resides 

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI

Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities assuming the UE-side prediction, on the definition of UE-side prediction, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 

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


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 [3], 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 by any UL-DL channel reciprocity condition. 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#110 to consider the following codebook structures for potential Rel-18 codebook for down selection, as follows:
· Alt-2A. Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt-2B. Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt-3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.

In our opinion, Alt-2B is not clear and therefore is not discussed. In the sequel we provide a detailed comparison of Alt-2A and Alt-3, as follows. 
Alt-2A. 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. 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 dimensions of W1.
Alt-3. 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. 
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. In our opinion, one reconciled solution would be supporting Alt2a with a flexible design that allows switching the structure of Wd matrix between a DFT-based matrix and an identity matrix. Details on whether the switching is network configured or UE selected can be considered FFS
Support Alt-2A with switching Wd between a DFT-based matrix and an identity matrix
· FFS: Whether the switching is network configured or UE selected
CSI report timing
 For Rel-18 potential codebook for high-speed UEs, two alternative codebook designs for UE-based prediction were agreed to be discussed in RAN1#110, with down selection due in RAN1#110bis-e, as follows:
· Alt-1. UE predicting CSI after the slot with a reference resource, i.e., l ≥ nref,, where nref is the CSI reference resource slot
· Alt-2. UE predicting CSI after the slot where the CSI is reported, i.e., l ≥ n, where n is the report slot 

Given both alternatives above, In Alt-1 the UE reports CSI corresponding to time slot(s) starting from the CSI reference resource slot, which precedes the CSI reporting slot corresponding to Alt-2. 
One advantage of Alt-2 with reporting CSI corresponding to slots after CSI report slots is that the network may not need to extrapolate the CSI before precoding the PDSCH layers, since the predicted CSI corresponds to the same interval in which precoded PDSCH transmission occurs. However, this comes at a disadvantage of reduced prediction accuracy of the reported CSI, especially at higher speed. 
On the other hand, under Alt-1 the reported CSI corresponds to slots after the CSI reference resource, which provides a better CSI accuracy, especially at higher UE speed with shorter channel coherence, since the time gap between the reported CSI and the CSI measurement is smaller. However, if all CSI correspond to slots that are close to the CSI reference resource, the network would need to extrapolate the CSI corresponding to slots beyond those corresponding to the reported CSI.
Note that both alternatives do not impose a bound on the latest slot for which CSI is predicted, and hence Alt-1 can be generalized so that the UE predicts CSI corresponding to a slot after the reference resource and before the report slot, as well as another slot after the report slot. In that case, the gNB can acquire one CSI occasion with higher UE measurement accuracy but with some lag, corresponding to the first slot, as well as a second CSI occasion with lower UE measurement accuracy with no lag, corresponding to the second slot. This approach can reap the advantages of both alternatives for different UE speed and channel coherence time. Therefore, we propose the following 
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, the UE reports two CSI occasions corresponding to the following slots:
· CSI occasion 1: after a slot with a reference resource and before a slot where the CSI is reported, i.e., 
· CSI occasion 2: after a slot where the CSI is reported, i.e., 
CSI-RS configuration
In RAN1#109-e [3], 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
CQI reporting 
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. For instance, assuming Alt-2A codebook design with the dimensions of matrix Wd being N4xD (or alternatively Alt-3 with matrix Wd being an identity matrix with N4=D), the UE reports D sets of W2 coefficients corresponding to D different time slots, which can be extended in case of Alt-2A to N4 CSI occasions, where . In our opinion, for high-speed CSI reporting, a degradation in channel quality 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. Given that, a few alternatives should be considered for CQI reporting, as follows:
· Alt-1: A single CQI value corresponding to the entire CSI report
· Alt-2: Two CQI values corresponding to the first and last time slots of the CSI report interval
· [bookmark: _Hlk115430490]Alt-3: D CQI values corresponding to the D sets of W2 coefficients
· [bookmark: _Hlk115430500]Alt-4: N4 CQI values corresponding to the N4 CSI occasions
Alt-1 can be considered as a baseline corresponding to legacy CSI reporting, whereas in Alt-2 two CQI values are reported corresponding to the first and last slots of the interval associated with the CSI report, and hence the network can use interpolation to estimate the CQI value corresponding to slots in between. In Alt-3, D CQI values are reported corresponding to the D sets of W2 coefficients, whereas in Alt-4 N4 CQI values are reported corresponding to the N4 CSI occasions. Clearly, the aforementioned alternatives vary in terms of CQI accuracy and reporting overhead. Note that some alternatives may overlap based on the supported values of parameters D, N4. Additionally, more discussion is needed on whether reporting multiple subband CQI values is supported if a subband CQI format is configured. Further details are FFS 
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, the following alternatives are studied for CQI reporting
· Alt-1: A single CQI value corresponding to the entire CSI report
· Alt-2: Two CQI values corresponding to the first and last time slots of the CSI report interval
· Alt-3: D CQI values corresponding to the D sets of W2 coefficients
· Alt-4: N4 CQI values corresponding to the N4 CSI occasions
	FFS: Whether/How subband CQI reporting is supported for each alternative
TDCP reporting
In RAN1#110 [2], the following agreements were made for TDCP reporting
	[bookmark: _Hlk115270798]Agreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone 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
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e)

Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases  

Agreement
For the Rel-18 TRS-based TDCP reporting, the use case of “aiding gNB-side CSI prediction” is refined to “aiding gNB implementation in CSI prediction for TDD”


PUSCH reporting time-domain behavior
In RAN1#110, it was agreed to support standalone TDCP reporting based on TRS signaling with at least aperiodic reporting, with periodic and semi-persistent reporting FFS. In our opinion, TDCP reporting may not need to be configured at low speeds, in which the channel correlation remains strong for longer periods of time, hence, periodic TDCP reporting may not be well motivated. On the other hand, supporting one option in which TDCP reporting is carried over PUCCH would be desirable, and hence supporting semi-persistent TDCP reporting over PUCCH is reasonable, along with aperiodic TDCP reporting over PUSCH.
Aperiodic TDCP reporting is supported over PUSCH
Support semi-persistent TDCP reporting over PUCCH
TDCP report fields
In RAN1#110, it was agreed to down-select from the following options corresponding to the fields reported within a TDCP report:
Alt-A: Report parameters corresponding to the Doppler profile of the channel between the UE and the gNB
Alt-B: Report parameters corresponding to the time-domain autocorrelation of the channel between the UE and the gNB
Alt-C: Report parameters corresponding to auxiliary information for configuring the CSI-RS resource and/or CSI reporting setting configuration parameters
In our opinion, Alt-C can help improve the CSI-RS resource setting and CSI reporting setting configurations based on the Doppler profile of the channel, and hence improve the CSI measurement process due to more efficient CSI configuration in terms of quality and configuration speed. One way in which TDCP reporting can operate under Alt-C is via configuring the UE with a TDCP reporting setting that includes a pool of candidate values for some CSI-RS resource setting and/or CSI reporting setting configuration parameters, and hence the UE selects a value for each parameter and feeds it back as part of the TDCP report. Examples of such parameters are the CSI-RS periodicity, time-resolution in slots as well as time-domain compression factor for Rel-18 codebook for moderate/high speed, recommended codebook type supported, etc. Note that the network is not obliged to follow the selected configuration parameter values fed back by the UE in the TDCP report, and has full freedom to override the recommended  settings by the UE based on scheduling and/or resource allocation considerations at the network side
TDCP reporting under Alt-C comprises selected values of CSI-RS resource setting and/or CSI reporting setting configuration parameters based on a pool of configuration parameter values configured by the network in a TDCP reporting setting
Parameters reported in a TDCP report are auxiliary, and can be overridden by the network due to scheduling and/or resource allocation considerations
  On the other hand, both Alt-A and Alt-B correspond to reporting raw information corresponding to the channel variation behavior over time. In our opinion, both Alt-A and Alt-B are equivalent, since parameters in Doppler domain can be considered as transformed versions of corresponding parameters in the time-domain. For instance, a channel coherence time measured in time domain is inversely proportional to the channel Doppler spread, computed in Doppler domain. One advantage of channel correlation measurement in time domain over Doppler domain is that the absolute parameter values corresponding to either time domain or Doppler domain may not be very insightful, especially that the computation of such parameters may depend on the UE implementation. Instead of unnecessarily complicating the specification by implying a correlation function or a Doppler-based function to be measured at the UE, one other alternative is to report TDCP is in terms of regions of strong and weak channel correlation with respect to TRS symbols at high speed, and/or TRS transmission occasions over periodic TRS transmission at low/moderate speed. Hence, TDCP reporting can include indices of TRS symbols/TRS occasions with respect to a reference TRS/TRS symbol corresponding to a period of strong correlation, rather than reporting exact time-domain correlation values and/or Doppler-profile parameters, e.g., Doppler spread. Given that reporting TRS/TRS symbol indices corresponds to time-domain reporting, we prefer Alt-B over Alt-A
Alt-B is prioritized over Alt-A, since the channel correlation in time can be measured in terms of TRS/TRS symbol indices corresponding to a period of strong channel correlation with respect to a reference TRS/TRS symbol, compared with reporting absolute Doppler-domain parameters for all TRSs/TRS symbols
In light of that, our first preference is to support Alt-C for TDCP reporting of CSI configuration parameters, whereas our second preference is to support Alt-B for TDCP reporting of channel correlation in terms of indices of TRS/TRS symbols with respect to a reference TRS/TRS symbols
For TDCP reporting format, support the following:
· 1st preference: Alt-C with CSI-RS resource setting and/or CSI reporting setting configuration parameter values from a pool of network pre-configured parameter values
· 2nd preference: Alt-B with channel correlation reported in terms of TRS/TRS symbol indices with respect to a reference TRS/TRS symbol corresponding to a strong channel correlation period
CSI enhancement for coherent joint transmission
[bookmark: _Hlk100228713][bookmark: _Hlk53958228]In RAN1#110 [2], the following, was agreed for CSI enhancements for CJT under MIMO agenda
	[bookmark: _Hlk115299078]Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, support NTRP={1, 2, 3, 4} with equal priority.

Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support RI={1,2,3,4}.

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).

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

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


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s

Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported 

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)

Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

Agreement
The Rel-18 Type-II codebook for CJT mTRP comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the same design details as the refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations
Strive to maintain as much commonality between the Rel-16 and Rel-17 codebook enhancements to minimize workload.
Vivo and Lenovo raised concerns on the workload due to this agreement



In the remainder of this section, we provide our views on codebook CSI enhancement for CJT, in light of the agreements and discussions in the previous two RAN1 meetings.
Maximum number of CSI-RS ports
In RAN1#110, it was agreed to support N={1,2,3,4} TRPs for CJT with equal priority. Moreover, it was also agreed that each TRP is associated with a distinct NZP CSI-RS resource. In light of both agreements, CSI framework for CJT may require channel measurement and reporting corresponding to up to 128 CSI-RS ports, resulting in significant CSI measurement complexity and CSI reporting overhead. In light of that, setting an upper bound on the maximum number of CSI-RS ports across the N CSI-RS resources to X CSI-RS ports can help reduce this complexity. In our opinion, X=32, 48, 64 are reasonable candidate values to be considered. We therefore have the following proposal 
For the Rel-18 Type-II codebook for CJT mTRP, the maximum number of CSI-RS ports across the N NZP CSI-RS resources is set to X CSI-RS ports
· FFS: whether X=32, 48, 64
[bookmark: _Hlk115300765]TRP selection/determination for CJT
In RAN1#110, different alternatives of TRP selection/determination were discussed for Type-II codebook refinement for CJT mTRP, and it was agreed to down-select from the following TRP selection/determination schemes by RAN1#110bis-e, as follows:
Alt-1. TRP selection/determination is gNB-configured via higher-layer (RRC) signaling
Alt-2. TRP selection/determination is UE-selected and reported as a part of CSI report
One advantage of Alt-1 with network configured TRP selection is that the corresponding UCI overhead can be better characterized based on the knowledge of the value of N. Note that some in-advance knowledge of the approximate UCI overhead corresponding to CSI reporting is crucial for proper UL resource allocation by the network. However, one disadvantage of Alt-1 is that the TRP selection of the N TRPs may not be optimal, due to the lack of reliable CSI at the network side prior to receiving the CSI report. On the other hand, Alt-2 has an advantage of a better TRP selection based on instantaneous CSI measurements, at the expense of the network allocating UCI bits corresponding to the maximum number of TRPs. Given that, we propose a solution that combines the advantages of both alternatives which is based on gNB determination of the value N, whereas the UE selects the best N TRPs out of a set of NTRP TRPs configured by the UE, where . The network can configure the UE with a set of NTRP CMRs, where the UE reports an indication of N CMRs of the NTRP CMRs corresponding to the selected TRP indices.
Furthermore, the UE can optionally report PMI for the best single-TRP hypothesis corresponding to the TRP associated with the strongest coefficient indicator, i.e., strongest TRP. For the strongest TRP, the same PMI, RI can be used as the CJT PMI, RI, whereas a second CQI value needs to be reported.
For the Rel-18 Type-II codebook for CJT mTRP, TRP selection/determination is based on the following:
· The value N is gNB-configured via higher-layer (RRC) signaling
· UE selects N TRPs out of a set of NTRP TRPs that are higher-layer configured
· UE reports CSI corresponding to CJT via the selected N TRPs
· A single-TRP hypothesis is also reported corresponding to the strongest of the N TRPs, i.e., TRP corresponding to the strongest coefficient indicator, with an additional CQI reported corresponding to the single-TRP hypothesis
Codebook design
One 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
In RAN1 #110, it was agreed that the CMR comprises  NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group, such that each of the CSI-RS resources has a same number of CSI-RS ports. To facilitate CJT, the same  value pair, corresponding to number of antenna ports along two dimensions, can be configured for each CSI-RS resource in CMR, with the same oversampling factor value pair  corresponding to , respectively. Note that supported values of  may be restricted by a bound on the total number of ports across TRPs for CJT and/or UE capability. 
The same  and  values are configured for each TRP
In RAN1 #110, it was also agreed that two modes are supported for Rel-18 Type-II codebook for CJT. Thus, codebook configuration should be designed to support two codebook modes. For legacy Rel-16 eType-II codebook, the values of ,  and  are determined by the higher layer parameter paramCombination-r16, which is used to achieve some balance between CSI reporting overhead and system performance. For mode 1 codebook structure, separate combined configuration parameters can be used, where one  can be configured for one TRP/TRP group, with flexible beam selection per TRP. However, the maximum number of selected beams for one TRP/TRP group may need to be restricted to avoid higher UE complexity, e.g., supporting L=6 may be unnecessary since it may cause larger CSI reporting overhead in the presence of multiple TRPs. For mode 2 codebook structure, one combined configuration parameter  can be configured across TRPs. Note that the total number of selected beams  can also be configured, e.g., Ltot =6 or 8 can be introduced in case of 3, 4 cooperative TRPs/TRP groups. Moreover, smaller  value can be considered to reduce CSI overhead, especially in case of a larger number of TRPs, e.g., N=3 or 4 for both mode 1 and mode 2 codebook structures.
Support separate combined parameter configuration  per TRP for mode 1 codebook structure and one combined parameter configuration  across TRPs for mode 2 codebook structure
Quantization scheme of the non-zero coefficients
In RAN1 #110, it was agreed to down select between different alternatives corresponding to W2 quantization grouping and strongest coefficient indicator design, with four alternatives listed. 
· Alt-1. Cgroup,phase=1 phase group and Cgroup,amp=2 amplitude groups are used for W2 coefficients across all TRPs, which resembles the Rel-16 eType-II codebook quantization grouping by combining coefficients across all TRPs into one unit. A single SCI needs to be reported corresponding to the strongest coefficient across all TRPs
· Alt-2. Cgroup,phase=N phase groups and Cgroup,amp=2N amplitude groups are used, with one phase group and two amplitude groups per TRP. For each TRP, W2 coefficients follow a same Rel-16 eType-II quantization grouping for both amplitude and phase groups. Note that an SCI may need to be reported for each TRP, i.e.,  a total of N SCIs. 
· Alt-3. Cgroup,phase=1 phase group and Cgroup,amp=2N amplitude groups are used, with a common phase group for all TRPs and two amplitude groups per TRP. A total of N+1 SCIs may be needed to indicate the strongest coefficient per TRP (N SCIs), in addition to one more SCI to indicate the strongest of the N TRPs 
· Alt-4. Cgroup,phase=1 phase group and Cgroup,amp=4 amplitude groups are used, with a common phase group for all TRPs, whereas the 4 amplitude groups are mapped as follows: two amplitude groups corresponding to the two polarizations of the strongest TRP, a third amplitude group corresponding to the first polarization of the remaining N-1 TRPs, and a fourth amplitude group corresponding to the second polarization of the remaining N-1 TRPs. Alt-4 can be considered as a variant of Alt-3 with fewer amplitude groups for the weakest N-1 TRPs. In our opinion, the benefit of reporting a wideband co-phase coefficient is not clear for CJT scenario with full coherence across TRPs, since each W2 non-zero coefficient per TRP is associated with a phase value that is computed with respect to a reference phase value of zero associated with the strongest coefficient across all TRPs, and hence Alt-1, Alt-2 are not preferred. Moreover, we prefer Alt-3 over Alt-4 since the amplitude grouping per TRP resembles that of eType-II Rel-16 codebook. Moreover, Alt-4 implicitly assumes that the channel gain corresponding to the strongest TRP is significantly larger than that of the remaining N-1 TRPs, which may not be an efficient assumption for all mTRP CJT layouts. Therefore, our preference is Alt-3.
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design for each layer, support Alt3 with one group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
 
[bookmark: _Ref21611214]For Alt3, a strongest coefficient indicator corresponding to each TRP needs to be reported. For the strongest coefficient of one TRP, differential quantization can be used between the strongest coefficient for one TRP/TRP group and the strongest coefficients across all TRPs, where the amplitude coefficient of the strongest coefficient across all TRPs is set to ‘1’. The Rel-16 eType-II reference amplitude quantization of for provided in Table 5.2.2.2.5-3, Clause 5.2.2.5 of TS 38.214 [4], can be reused for differential quantization of strongest coefficients for each polarization per TRP. Alternatively, the number of reference amplitude quantization bits can be reduced considering that the pathlosses between the UE and the TRPs differ by at least {0,3,6,10} dB, similar to the agreement in RAN1#109-e [3] for Rel-18 SRS enhancement study for CJT.       
Reuse Rel-16 eType-II reference amplitude quantization for differential quantization of the strongest coefficients for each polarization per TRP
· FFS: whether the number of reference amplitude quantization bits can be reduced
Additionally, in order to limit the increased CSI feedback overhead 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 a subset of the non-zero coefficients are quantized with the higher resolution quantization scheme, whereas the remainder of the non-zero coefficients are quantized with the higher resolution quantization scheme. A few alternatives exist for classifying the non-zero coefficients based on the quantization resolution, as follows:
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 specific 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.
Note that a third alternative of the quantization scheme can be based on the strongest N polarizations of a layer, as illustrated in the following alternative.
Alt3. Polarization-specific quantization: The stronger polarization of each of the N TRPs per layer is associated with the higher resolution quantization scheme, whereas the remainder of coefficients are associated with the lower resolution quantization scheme.
In our opinion, the three alternatives should be studied. Further 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-specific quantization resolution: 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
· Alt3. Polarization-specific quantization resolution: The stronger polarization of each of the N TRPs per layer is associated with the higher resolution quantization scheme, whereas the remainder of coefficients are associated with the lower resolution quantization scheme
Joint transmission with mixed coherence assumptions
[image: ] 
[bookmark: _Ref101823019]Figure 1. 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 in the presence of an 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 is a more realistic design scenario, with perfect coordination across up to two TRPs only. Consider the example shown in Figure 1 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 pair, 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 CSI report fields 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, e.g., joint basis selection and/or number of non-zero coefficients reporting. For CSI Part 1, it may possibly include fields corresponding to RI, CQI, total number of non-zero coefficients across layers. For CSI Part 2, it may include PMI for multiple cooperative TRPs, where some PMI parameters may be separately or jointly encoded for multiple cooperative TRPs. The mapping order of the bits corresponding to 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, 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 CSI Part 2. 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], in which CSI Part 2 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 CSI Part 2 fields corresponding to a particular priority level is omitted, the UE shall omit all of the fields corresponding to that priority level. For CJT-based CSI report, the CSI report fields 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 group 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, TDCP reporting enhancements, 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. Support Alt-2A with switching Wd between a DFT-based matrix and an identity matrix 
· FFS: Whether the switching is network configured or UE selected
1. On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, the UE reports two CSI occasions corresponding to the following slots:
· CSI occasion 1: after a slot with a reference resource and before a slot where the CSI is reported, i.e., 
· CSI occasion 2: after a slot where the CSI is reported, i.e., 
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. On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, the following alternatives are studied for CQI reporting
· Alt-1: A single CQI value corresponding to the entire CSI report
· Alt-2: Two CQI values corresponding to the first and last time slots of the CSI report interval
· Alt-3: D CQI values corresponding to the D sets of W2 coefficients
· Alt-4: N4 CQI values corresponding to the N4 CSI occasions
	FFS: Whether/How subband CQI reporting is supported for each alternative
For TDCP reporting enhancements, we have the following proposals:
1. Aperiodic TDCP reporting is supported over PUSCH
1. Support semi-persistent TDCP reporting over PUCCH
1. TDCP reporting under Alt-C comprises selected values of CSI-RS resource setting and/or CSI reporting setting configuration parameters based on a pool of configuration parameter values configured by the network in a TDCP reporting setting
1. Parameters reported in a TDCP report are auxiliary, and can be overridden by the network due to scheduling and/or resource allocation considerations
1. Alt-B is prioritized over Alt-A, since the channel correlation in time can be measured in terms of TRS/TRS symbol indices corresponding to a period of strong channel correlation with respect to a reference TRS/TRS symbol, compared with reporting absolute Doppler-domain parameters for all TRSs/TRS symbols
1. For TDCP reporting format, support the following:
· 1st preference: Alt-C with CSI-RS resource setting and/or CSI reporting setting configuration parameter values from a pool of network pre-configured parameter values
· 2nd preference: Alt-B with channel correlation reported in terms of TRS/TRS symbol indices with respect to a reference TRS/TRS symbol corresponding to a strong channel correlation period
For CSI enhancements for CJT, we have the following proposals: 
1. For the Rel-18 Type-II codebook for CJT mTRP, the maximum number of CSI-RS ports across the N NZP CSI-RS resources is set to X CSI-RS ports
· FFS: whether X=32, 48, 64
For the Rel-18 Type-II codebook for CJT mTRP, TRP selection/determination is based on the following:
· The value N is gNB-configured via higher-layer (RRC) signaling
· UE selects N TRPs out of a set of NTRP TRPs that are higher-layer configured
· UE reports CSI corresponding to CJT via the selected N TRPs
· A single-TRP hypothesis is also reported corresponding to the strongest of the N TRPs, i.e., TRP corresponding to the strongest coefficient indicator, with an additional CQI reported corresponding to the single-TRP hypothesis
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
The same  and  values are configured for each TRP
Support separate combined parameter configuration  per TRP for mode 1 codebook structure and one combined parameter configuration  across TRPs for mode 2 codebook structure 
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design for each layer, support Alt3 with one group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
Reuse Rel-16 eType-II reference amplitude quantization for differential quantization of the strongest coefficients for each polarization per TRP
· FFS: whether the number of reference amplitude quantization bits can be reduced
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-specific quantization resolution: 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
· Alt3. Polarization-specific quantization resolution: The stronger polarization of each of the N TRPs per layer is associated with the higher resolution quantization scheme, whereas the remainder of coefficients are associated with the lower resolution quantization scheme
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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