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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives for CSI enhancements, as shown below.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 this contribution, we discuss CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO.  
2. CSI enhancement for coherent JT (CJT)
2.1 Deployment scenario of CJT
In Rel-18 MIMO WID for CJT, ideal backhaul and synchronization as well as the same number of antenna ports across up to 4 TRPs are assumed. For multiple TRPs for CJT, generally there are two deployment scenarios for discussion: intra-site M-TRP and inter-site M-TRP. For intra-site M-TRP CJT, the multiple TRPs are co-located and have the same transmission power. Considering different boresight orientation, intra-site multi-panel M-TRP scenario and intra-site multi-sector M-TRP scenario can be deployed. For inter-site M-TRP CJT, the multiple TRPs are non-co-located. A UE can be scheduled with CJT transmission only when the measured RSRP from multiple TRPs are within a certain threshold. And the synchronization among multiple TRPs should be ensured with fiber backhaul. In addition, some hybrid scenarios of above are also possible, as shown in Fig.3-1 (d), (e). From all scenarios, intra-site M-TRP scenarios, i.e., Fig 3-1(a), (b), have higher priority than inter-site MTRP and hybrid intra-/inter-site MTRP scenarios, since it is easier to deploy intra-site M-TRP CJT in real NW. Regarding the hybrid intra-site multi-sector/multi-panel M-TRP scenario, we’re open to study it. And TRP-group concept is more appliable for such hybrid scenario as multiple panels can be regarded as within a TRP-group.
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(a) Intra-site multi-panel M-TRP       (b) Intra-site multi-sector M-TRP                 (c) Inter-site M-TRP
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  (d) Hybrid intra-site multi-panel/multi-sector M-TRP                       (e) Hybrid intra-/inter-site M-TRP  

Fig. 3-1: Possible deployment scenarios for M-TRP CJT

Proposal 2-1
· Intra-site M-TRP scenarios (including intra-site multi-panel scenario, and intra-site multi-sector M-TRP scenario) have higher priority than inter-site M-TRP and hybrid intra-/inter-site M-TRP scenarios.
· Open to study hybrid intra-site multi-sector/multi-panel MTRP scenario. TRP-group concept is more appliable for such hybrid scenario.

2.2 Codebook for CJT CSI
In last RAN1 meeting, following agreements were made regarding codebook type. Considering the large work scope and specification effort in Rel-18 MIMO, we prefer to do down-selection. Since Rel-16 eType-II regular codebook may be used more in the NW, we suggest prioritizing it for CJT CSI.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



Proposal 2-2
· Support to prioritize Rel-16 eType-II regular codebook.

In last RAN1 meeting, 3 alternatives on CJT codebook design were proposed for down-selection or merging. We believe each alternative is appliable for different scenario.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):




For inter-site M-TRP scenario, per-TRP/TRP group SD/FD basis selection with inter-TRP co-phasing/amplitude (i.e., Alt1A) is more appropriate since different SD/FD basis are very likely to be necessary for different TRP in inter-site M-TRP.
For intra-site multi-sector M-TRP, the SD basis selection can be per-TRP/TRP group considering different boresight for different TRP/TRP group, but the FD basis selection could be TRP-common considering co-located multiple TRPs. Hence, Alt2 can be considered for intra-site multi-sector M-TRP. The inter-TRP co-phasing/amplitude may also exist in some cases, but they can be conveyed in W2 implicitly based on the codebook structure of Alt2.
For intra-site multi-panel CJT, the multiple panels have the same boresight so that the SD basis selection can be common. In NR Type I multi-panel codebook, an additional parameter of Ng is used to represent the panel, and inter-panel co-phasing for multiple panels are additionally reported on top of NR Type I single-panel codebook. Similarly for intra-site multi-panel M-TRP CJT, the same SD/FD basis selection for multiple TRPs could be considered due to similar channel properties. And the inter-TRP co-phasing information can be used to represent the channel correlations between two TRPs, like NR Type I multi-panel codebook. Hence, for intra-site multi-panel M-TRP CJT, we can further study whether/how to extend Rel-16/17 Type II codebook to multi-panel. From the 3 alternatives, a special case of Alt1A/Alt2 could achieve the same codebook structure.

Proposal 2-3
· Support Alt2 for intra-site multi-sector MTRP scenario.
· Support Alt1A for inter-site MTRP scenario with low priority.
· Support a special case of Alt1A/Alt2 for intra-site multi-panel MTRP scenario, where the same SD/FD basis across TRPs are reported. 

For SD basis and FD basis design, following agreement was made in last meeting. We believe legacy design should be reused and separate SD basis and FD basis are selected. There is no strong motivation and benefit to apply joint SD/FD basis selection or eigenvector-based basis.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



Proposal 2-4
· For SD basis and FD basis design, support Alt1 (separate, legacy DFT).

Regarding some detailed designs for W1, Wf, and W2, following agreements have been made. We further discuss some details below assuming prioritized intra-site M-TRP scenario.

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
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” 



W1 design
For SD basis, as discussed above for intra-site multi-sector scenario, the boresight of multiple TRPs is different so that the SD basis selection can be per-TRP/TRP group. Then the UE reported SD vector indicators are also per-TRP/TRP group, and layer-common for a TRP/TRP group. The number of SD basis vectors configured by higher-layer signalling can be also per-TRP/TRP group and layer-common for a TRP/TRP group. For example, the TRP with higher RSRP is configured with larger number of SD basis vectors and the TRP with lower RSRP is configured with smaller number of SD basis vectors. 

Proposal 2-5
· For SD basis, the number of SD basis vectors is higher-layer configured per-TRP/TRP group and layer-common for a TRP/TRP group; the UE reported SD vector indicators are per-TRP/TRP group and layer-common for a TRP/TRP group.

Wf design
Based on codebook structure of Alt2, joint FD basis is selected across multiple TRPs. So the number of FD basis vectors is RRC configured as TRP-common and UE reported FD basis selection indicators are also TRP-common. If enhancement based on Rel-17 Type II PS codebook is supported, the FD basis vectors can be selected/reported from a RRC configured window with a larger size, similar as Rel-17.

Proposal 2-6
· For FD basis, the number of FD basis vectors is higher-layer configured TRP-common; the UE reported SD vector indicators are also TRP-common.

W2 design
[bookmark: _Hlk111043148][bookmark: _Hlk111043187]Considering intra-site multi-sector scenario and Alt2, the transmission power from multiple TRPs is the same and the delay characteristics from multiple TRPs is close. In that case, it may be sufficient to consider one SCI across TRPs. Then there will be two amplitude references, each per polarization. And the ‘coefficients group’ in previous agreement is per polarization across TRPs. With this method, the additional indication of strongest TRP is not need. 
On the other hand, considering the received power and delay fluctuation, it may be also beneficial to consider per-TRP/TRP group SCI. Then the ‘coefficients group’ in previous agreement is per polarization per-TRP/TRP group. In this case, the indication of strongest TRP is needed, either via explicit or implicit indication. And the relative co-amplitude/phasing between two TRPs are also needed for reporting.
Based on above analysis, we are open to further discuss the following two options for coefficients.
· Option1: one SCI across TRPs; two amplitude references, each per polarization; ‘coefficients group’ is per polarization across TRPs; no additional indication of strongest TRP.
· Option2: per-TRP/TRP group SCI; two amplitude references per-TRP/TRP group; ‘coefficients group’ is per polarization per-TRP/TRP group; additional indication of strongest TRP needed.
If inter-site M-TRP scenario is considered with codebook structure of Alt1A, Option2 is more appropriate.

Proposal 2-7
· For coefficients for codebook structure of Alt2, further study following two options.
· Option1: one SCI across TRPs; two amplitude references, each per polarization; ‘coefficients group’ is per polarization across TRPs; no additional indication of strongest TRP.
· Option2: per-TRP/TRP group SCI; two amplitude references per-TRP/TRP group; ‘coefficients group’ is per polarization per-TRP/TRP group; additional indication of strongest TRP needed.
· For coefficients for codebook structure of Alt1A (low priority), Option2 is preferred.

Regarding NZC configuration/indication, no matter Option1 or Option2 above is selected, since the W2 is jointly calculated for multiple TRPs, we can further study whether the number of max NZC per-layer/cross-layers can be RRC configured per-TRP/TRP group or TRP-common.

Proposal 2-8
· For NZC, further study the number of max NZC per-layer is RRC configured per-TRP/TRP group or TRP-common.

2.3 CSI configuration enhancement for CJT CSI
Regarding CMR configuration, two options were proposed in last meeting. We think the two options are applicable to different scenarios. Opt1 can be used for intra-site multi-panel scenario, where multiple panels transmit one NZP CSI-RS resource. For this case, some companies proposed to enhance TCI state indication for ports of one CSI-RS resource. We think whether TCI state enhancement is needed for this case needs further study because in Rel-15 DL Type 1 multi-panel codebook scenario, 1 TCI state for such CSI-RS resource is used, which is similar as intra-site multi-panel M-TRP scenario.
Opt2 can be appliable to both intra-site multi-sector and inter-site M-TRP scenarios. Each TRP can transmit a NZP CSI-RS resource for CSI measurement. This configuration is also aligned with Rel-17 NCJT CSI configuration.
Considering different applicable scenarios for different options, we can support two options. If down-selection is needed due to, e.g., concern on workload, Opt2 is preferred as it can apply to more scenarios and consistent with Rel-17 NCJT CMR configuration. 

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


Proposal 2-9
· Support both Opt1 and Opt2 below for CMR configuration of different scenarios. If down-selection is needed, Opt2 is preferred.
· Opt1 for intra-site multi-panel M-TRP scenario.
· Opt2 for intra-site multi-sector M-TRP and inter-site M-TRP scenarios. 

There was an offline discussion on the issue before this meeting, and FL proposed two offline proposals. Based on our analysis above, we can be supportive for offline proposal 1.A and 1.B.
Offline proposal 1.A: 
For the Type-II codebook refinement for CJT mTRP, the NZP CSI-RS resource(s)/port(s) configured as CMR in Resource Setting and the NTRP TRPs/TRP-groups are related as follows:
· When the CMR comprises 1 NZP CSI-RS resource (if supported), the associated CSI-RS ports are equally partitioned into NTRP port-groups
· When the CMR comprises K>1 NZP CSI-RS resources (if supported), one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
Offline proposal 1.B: 
For the Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, at least 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)
· FFS: Whether/how to signal the mapping between NZP CSI-RS resource indices and TRP/TRP group indices



Proposal 2-10
· Support offline proposal 1.A and offline proposal 1.B.
For the NW configured TRP number and UE selected TRP number, following were agreed in last meeting.

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
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


With the increase of coordinated TRP number, the performance gain increases as well, as shown by many companies’ simulation results, thus, we think NTRP={1, 2, 3, 4} should be supported and there is no need to prioritize or only support NTRP={1, 2}. NW can configure the number of TRP NTRP for CJT CSI measurement by RRC signalling. Explicit signalling may be not needed as NTRP could be implicitly indicated by CMR configuration.

Proposal 2-11
· The number of configured TRP for CJT CSI measurement (e.g., NTRP) is RRC configured by NW, which can be implicitly indicated by the CMR configuration.
· Support NTRP={1, 2, 3, 4}.

For UE selected TRP number (e.g., N) assuming PMI reporting, Alt2 allows UE to select and report N TRPs, which requires UE to measure and compare the CSIs of different transmission hypotheses by different TRPs, thus, UE complexity would largely increase. In addition, UE’s selection by itself may be less useful at NW if UE recommended CJT scheme cannot be scheduled by NW due to traffic load or some other reason. Hence, we think NW configuration of N is more beneficial as NW has more scheduling information and NW could make a better decision than UE. For example, if NW has sufficient resources from 4 TRPs for CJT scheduling, NW may configure N=4 to the UE so that the UE could report CJT CSIs assuming 4-TRP CJT transmission. After receiving the 4-TRP CJT CSI, NW could be able to obtain 2-TRP or 3-TRP CJT CSI with different transmission hypothesis by implementing CSI updating algorithms. Hence, it is the simplest method to make NTRP= N. If NTRP=4 and N=2 are configured, it means UE needs to select 2 TRPs from the 4 TRPs for PMI measurement. Similarly, UE’s selection of transmission hypothesis (e.g., TRP1+TRP2 CJT) may be not preferred by NW. UE reporting of multiple transmission hypotheses could relax this issue, but with the cost of UE complexity and reporting overhead. On the other hand, if UE reports two transmission hypotheses CJT CSIs assuming TRP1+TRP2 CJT and TRP1+TRP3 CJT, respectively, there may be some redundant information in CSI reporting. For this case, maybe it is better NW configures N=3 and UE reports TRP1+TRP2+TRP3 CJT CSI. Based on above analysis, we have following proposal.

Proposal 2-12
· For TRP selection/determination for N, support Alt1 (i.e., N is gNB-configured via higher-layer signaling). Further study following two options. Option1 is preferred.
· Option1: support NTRP= N.
· Option2: support NTRP>= N. Further study Alt3: the UE reports CSI corresponding to K transmission hypotheses, where the transmission hypotheses can be configured by NW.


3. Type-II CSI enhancement in doppler domain
There was a good progress with a number of agreements on TD/DD Type-II CSI enhancement in the last e-meeting, e.g., capturing candidate CSI codebook structures and their possible details, potential enhancements on CSI measurement and reporting, targeted codebook types, etc. Here we show our views on such issues. 

Regarding codebook structure, the following was agreed:
	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.




Our preference is Alt2.A above since we believe it is more aligned with the principle of CSI codebook structure in previous releases comparing with Alt1. Moreover, Alt2.B requires more reporting overhead, which is not preferred. 

Proposal 3-1
· Regarding codebook structure, support Alt2.A

If RAN1 decides to take Alt2.A (i.e., DD basis), the next issue would be to decide the exact basis waveform. We believe it would be reasonable to follow SD/FD basis design supported in Rel-16 and Rel-17. Therefore, we support orthogonal DFT basis in general. Further, we do not see the strong need to support rotation of DFT basis in DD. 

Proposal 3-2
· Regarding the exact basis waveform, support orthogonal DFT basis without rotation factor


Regarding the CSI measurement and reporting, the following are the agreements and the related offline outcome:
	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

Offline proposal 2.B: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, down-select at least one from the following alternatives:
· Alt1.A:  l + WCSI –1 ≤ nref
· nref (CSI reference resource slot) as boundary 
· Alt1.B:  l ≥ nref
· nref (CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary
· Alt3.B: l ≥ k + Wmeas –1 
· End slot of Wmeas (k + Wmeas –1) as boundary




Here, we believe it should be noted that in practical scenario, there are UEs who may or may not support CSI prediction by themselves, or UEs who may or may not need to predict CSI in time/doppler domain (i.e., UE may or may not be with high/medium speed) within a cell. The potential conditions can be summarized as follows:

Table 3-x: Potential conditions on UE support of CSI prediction and UE speed
	
	With high/medium speed
	With low speed (or stationary)

	Support CSI prediction at UE side
	Condition#A
· TD/DD CSI prediction may be needed
· TD/DD CSI prediction can be performed at UE
	Condition#B
· TD/DD CSI prediction may not be needed
· TD/DD CSI prediction can be performed at UE

	Not support CSI prediction at UE side
	Condition#C
· TD/DD CSI prediction may be needed
· TD/DD CSI prediction cannot be performed at UE
	Condition#D
· TD/DD CSI prediction may not be needed
· TD/DD CSI prediction cannot be performed at UE



For whether to support CSI prediction at UE side or not, it would not be very clear for us whether all the UEs supporting Rel-18 Type-II CSI enhancement in TD/DD will support UE-side CSI prediction. We understand that UE-side CSI prediction is much beneficial to achieve TD/DD CSI enhancement, however, it could be another optional capability for Rel-18 UE. In addition, even the UEs not supporting such prediction can be configured with the Rel-18 CSI enhancement in TD/DD (which may be in a best-effort manner) to enhance the performance. Therefore, we think it would be good to cover such case (i.e., condition#C in the table above). 

Condition#A and condition#B may not need to be differentiated, however, as we expect Rel-18 Type-II codebook enhancement in TD/DD eventually needs more CSI reporting overhead comparing with Rel-16/17 Type-II codebook, it may also be good to discuss whether/how to optimize the feature for condition#B. 

Observation 3-1
· UE supporting Rel-18 TD/DD Type-II CSI enhancement may not support UE-side CSI prediction
· There may be a UE for which Rel-18 Type-II CSI enhancement in TD/DD is not very beneficial as per the scenario/condition in a cell

Going back to the issue of CSI measurement and reporting, what we believe considering above would be that, it may not be very good to only focus on UEs supporting CSI prediction by themselves. With that in mind, among the narrowed-down alternatives, we do not believe it would be the best direction to select Alt2.B “only” in Rel-18 since it will largely rely on UE side CSI prediction to formulate CSI reporting in our understanding. Rather, at least one of the other alternatives (or, any alternative considering valid CSI reporting at slot nref) to make it possible for NW to NOT rely on UE-side CSI prediction should be considered. Our best preference among the narrowed-down alternatives would be Alt1.A as NW can obtain more “measured” CSI per reporting. Note that we would be open to consider relying on UE-side CSI prediction, so e.g., Alt1.B (or Alt1.C, not captured in the latest candidate list though) could also be considered “additionally”. 

Proposal 3-3
· Regarding CSI measurement and reporting, prefer Alt1.A
· Additionally, Alt1.B can be considered to cover UE-side CSI prediction

Regarding the target CSI codebook, as per the agreement in the last e-meeting, RAN1 decided to focus on Rel-16 eType-II regular codebook and/or Rel-17 FeType-II PS codebook. We think it is a good narrow-down, however, some further prioritization/down-selection may need to be considered since Rel-18 MIMO evolution WI still has a good number of topics. In this case, our preference is to prioritize/down-select Rel-16 eType-II regular codebook as it would fit more in the scenario with doppler in our view. Note that we have the same preference for CJT CSI as well. 

Proposal 3-4
· Regarding the target CSI codebook, if further prioritization/down-selection on codebook type is needed, prefer to prioritize/down-select Rel-16 eType-II regular codebook for Type-II CSI enhancement for doppler


4. Support of TDCP
The following are the related agreements and offline outcomes:

	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)

Offline proposal 3.A: The 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




Our preference is to go with Offline proposal 3.A above. We think TDCP is by nature orthogonal with other UCI or CSI related parameters. So conditioning TDPC on such parameters could be restrictive and not preferred. 

Proposal 4-1
· Regarding TDCP reporting, support to comprise stand-alone auxiliary feedback information
· I.e., support Offline proposal 3.A


5.  Conclusion
In this contribution, we discussed CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO. Based on the discussion, we made following proposals.
For M-TRP CJT:
Proposal 2-1
· Intra-site M-TRP scenarios (including intra-site multi-panel scenario, and intra-site multi-sector M-TRP scenario) have higher priority than inter-site M-TRP and hybrid intra-/inter-site M-TRP scenarios.
· Open to study hybrid intra-site multi-sector/multi-panel MTRP scenario. TRP-group concept is more appliable for such hybrid scenario.

Proposal 2-2
· Support to prioritize Rel-16 eType-II regular codebook.

Proposal 2-3
· Support Alt2 for intra-site multi-sector MTRP scenario.
· Support Alt1A for inter-site MTRP scenario with low priority.
· Support a special case of Alt1A/Alt2 for intra-site multi-panel MTRP scenario, where the same SD/FD basis across TRPs are reported. 

Proposal 2-4
· For SD basis and FD basis design, support Alt1 (separate, legacy DFT).

Proposal 2-5
· For SD basis, the number of SD basis vectors is higher-layer configured per-TRP/TRP group and layer-common for a TRP/TRP group; the UE reported SD vector indicators are per-TRP/TRP group and layer-common for a TRP/TRP group.

Proposal 2-6
· For FD basis, the number of FD basis vectors is higher-layer configured TRP-common; the UE reported SD vector indicators are also TRP-common.

Proposal 2-7
· For coefficients for codebook structure of Alt2, further study following two options.
· Option1: one SCI across TRPs; two amplitude references, each per polarization; ‘coefficients group’ is per polarization across TRPs; no additional indication of strongest TRP.
· Option2: per-TRP/TRP group SCI; two amplitude references per-TRP/TRP group; ‘coefficients group’ is per polarization per-TRP/TRP group; additional indication of strongest TRP needed.
· For coefficients for codebook structure of Alt1A (low priority), Option2 is preferred.

Proposal 2-8
· For NZC, further study the number of max NZC per-layer is RRC configured per-TRP/TRP group or TRP-common.

Proposal 2-9
· Support both Opt1 and Opt2 below for CMR configuration of different scenarios. If down-selection is needed, Opt2 is preferred.
· Opt1 for intra-site multi-panel M-TRP scenario.
· Opt2 for intra-site multi-sector M-TRP and inter-site M-TRP scenarios. 

Proposal 2-10
· Support offline proposal 1.A and offline proposal 1.B.

Proposal 2-11
· The number of configured TRP for CJT CSI measurement (e.g., NTRP) is RRC configured by NW, which can be implicitly indicated by the CMR configuration.
· Support NTRP={1, 2, 3, 4}.

Proposal 2-12
· For TRP selection/determination for N, support Alt1 (i.e., N is gNB-configured via higher-layer signaling). Further study following two options. Option1 is preferred.
· Option1: support NTRP= N.
· Option2: support NTRP>= N. Further study Alt3: the UE reports CSI corresponding to K transmission hypotheses, where the transmission hypotheses can be configured by NW.

For Type-II CSI enhancement in doppler domain:
Proposal 3-1
· Regarding codebook structure, support Alt2.A

Proposal 3-2
· Regarding the exact basis waveform, support orthogonal DFT basis without rotation factor

Observation 3-1
· UE supporting Rel-18 TD/DD Type-II CSI enhancement may not support UE-side CSI prediction
· There may be a UE for which Rel-18 Type-II CSI enhancement in TD/DD is not very beneficial as per the scenario/condition in a cell

Proposal 3-3
· Regarding CSI measurement and reporting, prefer Alt1.A
· Additionally, Alt1.B can be considered to cover UE-side CSI prediction

Proposal 3-4
· Regarding the target CSI codebook, if further prioritization/down-selection on codebook type is needed, prefer to prioritize/down-select Rel-16 eType-II regular codebook for Type-II CSI enhancement for doppler

For TDCP reporting:
Proposal 4-1
· Regarding TDCP reporting, support to comprise stand-alone auxiliary feedback information
· I.e., support Offline proposal 3.A


References
[1] 3GPP RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, RAN#94-e, Dec. 2021.

- 2/9 -
image1.png




image2.png
XX
XX

Intra-site multi-sector MTRP CJT




image3.png




image4.png




image5.png
XX
XX

XX





