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1	Introduction
In RAN1#109-e we agreed to specify the following three new CSI features and defined the work scope for each of them.
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
· [bookmark: _Hlk110530484]The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110
Several open issues were also identified and prioritised for discussion, summarised in the following table
Table 1. Priority issues to be addressed in RAN1#110.
	
	Issue
	Topic

	1
	Type-II CJT 
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	2
	
	FFS: Whether to prioritize or only support N_TRP={1,2} over {3,4}

	3
	
	FFS: Whether to prioritize/down-select between 1 and K>1 NZP CS-RS resources

	4
	
	Specification entity corresponding to a TRP/TRP-group

	5
	
	Supported codebooks structure(s): down-select from Alt1A, 1B, and 2

	6
	
	SD/FD basis design: down-select from Alt1, 2, 3, and 4 

	7
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	8
	
	Supported codebooks structure(s): down-select from Alt1A, 1B, 2A, 2B, and 3

	9
	
	DD/TD basis design: down-select from Alt1, 2 ,3, and 4

	10
	
	CSI measurement and reporting: Configuration of CSI-RS occasion 

	11
	
	CSI measurement and reporting: CSI reference resource 

	12
	
	CSI measurement and reporting: The need (configuration) for CSI reporting window

	13
	TDCP
	TDCP parameter(s): down-select from Alt1, 2, 3, 4A, 4B, and 5

	14
	
	TDCP reporting format: Standalone vs. non-standalone pros and cons, more details on each alternative



In this paper we discuss the open issues that were identified for each of the three features, elaborate on our proposals and present some simulation results based on the agreed EVM assumptions.

[bookmark: _Ref54348033]2	Type-II CJT

2.1	CSI-RS configuration
In RAN1#109-e the following two options were identified for the Resource Setting configuration of Type-II-CJT and it was agreed to study the entity definition corresponding to a TRP/TRP group.
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
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· ...
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· ...

In a legacy Rel-16/17 Type II CSI report for single TRP, a CSI-RS Resource Set for channel measurement can only have a single resource with up to 32 ports, hence there is a natural mapping between the TRP ports and the precoder weights represented by the PMI. However, in case of CJT a layer is obtained by a combination of SD beams associated to one or more of the  TRPs. Hence a UE needs to know how the TRP ports of each TRP map to the weights of a spatial beam.
Option 1 uses a single CSI-RS resource in the resource set linked to a Type-II-CJT report, hence the ports in the resource need to be divided in  Port Groups of size , one per TRP in the CJT scheduling set, and the single CSI-RS resource has  ports in total. This solution is similar to the CSI-RS configuration used for Type-I multi-panel. However, whilst panels in Type-I-MP are co-located, for Type-II-CJT the TRPs are generally in separate physical locations. Option 1 has the advantage of a leaner and more flexible configuration, because only one CMR is needed and the same Port Group may be used for different TRPs depending on the CJT scheduling set, in a UE-transparent manner. However, it has the limitation that resource-specific attributes, such as TCI state and PDSCH/CSI-RS Pc ratio would be shared across all TRPs. Having the same TCI state across the configured TRPs may not a problem for CJT CSI calculation in FR1 as TRPs as time and phase synchronised, particularly for some configurations, such as co-sited TRPs. Different QCL assumptions may be desirable in other configurations, e.g., when different SSB beams are used. Note that with Option 1 the maximum number of ports per TRP is limited to  ports because a resource can have up to 32 ports.
Observation 1. [bookmark: _Ref102124787]For issue 3 (Resource Setting configuration for Type-II-CJT), with Option 1, a single CMR is divided in  Port Groups. This limits the maximum number of ports per TRP to , all TRPs share the same resource-specific attributes, such as TCI state and PDSCH/CSI-RS EPRE ratio.
Observation 2. [bookmark: _Ref111214064]For issue 3 (Resource Setting configuration for Type-II-CJT), Option 1 has the advantage of a leaner and more flexible configuration and is applicable when the same TCI state and Pc ratio are used by all TRPs (e.g., sub-GHz deployment with co-sited TRPs).
Option 2 uses a resource set with multiple resources, one per TRP in the CJT scheduling set, hence the resource set linked to a Type-II-CJT report contains  resources each with  ports such that the signal receive on each resource is transmitted from a different TRP. In this case, a single CJT CSI calculation spans across  resources in the set. This solution allows support of more than 32 ports in total across the TRPs, although UE complexity should be considered in this case. Option 2 has the flexibility of allowing separate TCI state and Pc ratios configurations for each TRP. One drawback, if R17-Type-II-CJT is supported, is the multiplication of UE-specific resources that need to be configured and the scheduling complexity of sharing resources between UEs.
Observation 1. [bookmark: _Ref102124800]
Observation 2. 
Observation 3. [bookmark: _Ref111214097]For issue 3 (Resource Setting configuration for Type-II-CJT), with Option 2, a Resource Set has  CMRs and each TRP can be configured with separate resource-specific parameters, such as TCI state and Pc ratio, etc.
Proposal 1. [bookmark: _Ref102121902][bookmark: _Ref111214469]For issue 3 (Resource Setting configuration for Type-II-CJT) support both Option 2 and 1, i.e.
1. A Resource Set configured with  CMRs, one per TRP/TRP group.
2. A Resource Set configured with a single CMR with  Port Groups formed by  ports each
Regarding the need for specifying the entity corresponding to a TRP, we do not think there is such a need. Similarly, for Type-I-NCJT in Rel-17, no explicit definition of TRP/TRP group entity was introduced in specifications.
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. [bookmark: _Ref111214113]For issue 4 (specification of TRP entity), there is no need to specify the entity corresponding to a TRP, as the CSI measurement and reporting is based on CSI-RS resources (Option 2) or Port Groups (Option 1).
Regarding signalling of the mapping between NZP CSI-RS resource indices and TRP/TRP group indices, we do not think there is a need for additional RRC signalling with Option 2 to support static Type-II-CJT configuration, because of a natural mapping of TRP indices to CMRs. For Option 1, an RRC indication of the triplet () in the codebook configuration is enough, as is done for Type-I multi-panel, such that the total number of ports is given by .
Because Type-II reporting can only be semi-persistent or aperiodic, a gNB can activate/trigger a Type-II-CJT report with a subset of TRPs in the scheduling set using the correct Resource Setting configuration. For example, for a CJT scheduling set of 4 TRPs, a gNB can activate/trigger a CSI report on two TRPs. In case of Option 2, if different TCI states are assigned to different TRPs, different Resource Setting configurations can be used for different combinations of two TRPs. Conversely, for Option 1 or if the same TCI state is used for all TRPs, only one Resource Setting configuration is enough and resources/Port Groups are mapped to the active TRPs in a transparent manner.
Observation 5. [bookmark: _Ref111214186]Regarding the mapping between TRPs and CMRs, with Option 2, there is no need to signal the mapping between TRP/TRP group indices and CMRs because different Resource Settings can be triggered/activated depending on the TRP configuration.
Observation 6. [bookmark: _Ref111214207]Regarding the mapping between TRPs and Port Groups, with Option 1, an RRC indication of the triplet () is needed, where  indicates the number of Port Groups, such that the total number of ports is .


2.2	Codebook structure and SD/FD basis design
In RAN1#109-e, three alternatives codebook structures were identified as follows.
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):

In both Alt 1 and Alt 2, the spatial-domain (SD) basis vectors are TRP-specific, whereas the frequency-domain (FD) basis vectors are TRP-specific in Alt 1 and TRP-common in Alt 2.
Alt 1B is algebraically equivalent to Alt 1A, but with combined spatial-frequency basis vectors. In fact, by using the identity: , it follows that  and .
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. [bookmark: _Ref111214266]Regarding issue 5 (codebook structures for Type-II-CJT), in all alternatives the SD bases are TRP-specific, whereas the FD bases are TRP-specific in Alt 1 and TRP-common in Alt2.
Observation 8. [bookmark: _Ref111214304]Regarding issue 5 (codebook structures for Type-II-CJT), Alt 1A and 1B are algebraically equivalent with  and .
In legacy single-TRP Rel16/17 Type II CBs, all the selected SD basis components are transmitted from one TRP. For Type I multi-panel CB, in case of a single TRP formed by multiple panels, the same selected one or two beams are transmitted by all the panels in the TRP. This makes sense because the panels are assumed co-located within the same TRP.
The main difference between Alt 1 and Alt 2 is that Alt 1 entails separate FD bases selection and  calculation for each TRP, followed by calculation of wideband co-amplitude and co-phase factors between TRPs, whereas in Alt 2 these operations are done jointly across TRPs. Because in CJT each layer is jointly transmitted by all TRPs, separate processing does not seem to provide any benefit in either complexity or performance. Regarding the difference between FD bases of TRPs due to different TRP-UE distances, this can be addressed by applying TRP-specific shifts of a reference FD basis, as we will elaborate below. Regarding the co-amplitude and co-phasing factors, a wideband co-phasing between TRPs is not needed because the  coefficients of all TRPs can be normalised in phase with respect to the same reference for each layer. The co-amplitude factors between TRPs are useful to adjust the quantisation levels to different received power levels, and, in Alt 2, they can be naturally incorporated in per-TRP reference amplitudes of . 
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. [bookmark: _Ref111214316]Regarding issue 5 (codebook structures for Type-II-CJT), Alt 1 entails separate FD bases selection and  calculation, followed by calculation of wideband co-amplitude and co-phase factors between TRPs, whereas in Alt 2 these operations are done jointly across TRPs. Because in CJT each layer is jointly transmitted by all TRPs, separate processing does not seem to provide any benefit in either complexity or performance.
Observation 10. [bookmark: _Ref111214334][bookmark: _Hlk111028319]Regarding issue 5 (codebook structures for Type-II-CJT), wideband co-phasing between TRPs is not needed because the  coefficients of all TRPs can be normalised in phase with respect to the same reference for each layer.
Observation 11. [bookmark: _Ref111214346]Regarding issue 5 (codebook structures for Type-II-CJT), wideband co-amplitude factors between TRPs are useful to adjust the quantisation levels to different received power levels, and, in Alt 2, they can be naturally incorporated in per-TRP reference amplitudes of .
Observation 12. [bookmark: _Ref111214364]Regarding issue 5 (codebook structures for Type-II-CJT), the difference between FD bases between TRPs due to different TRP-UE distances can be addressed by applying TRP-specific shifts of a reference FD basis and reporting a TRP-common .
Proposal 1. 
Proposal 2. [bookmark: _Ref111214525][bookmark: _Ref102122078]Regarding issue 5 (codebook structures for Type-II-CJT), support Alt 2.

In RAN1#109-e, the following alternatives were identified for the SD and FD basis design.
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
We note that Alt 2 and 3 are intended primarily for the codebook structure in Alt 1B, whereas Alt 1 and 4 target a codebook structure as per Alt 1A or 2. Besides, Alt 3 and 4 assume UE-specific basis vectors, which requires a redesign of  and  codebooks.
Proposal 1. 
Proposal 2. 
Proposal 3. [bookmark: _Ref111214538]Regarding issue 6 (SD and FD basis design for Type-II-CJT), support Alt 1.

2.3	Other issues
2.3.1	TRP selection/determination
Regarding the TRP selection/determination scheme, the following alternatives were identified in RAN1#109-e
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
In the agreement,  denotes the CJT configuration set, which is the maximum number of cooperating TRPs configured by a gNB, whilst  indicates the CJT reporting/transmission set, i.e., a UE assumes a transmission hypothesis with 𝑁 TRPs for CSI reporting.
Although Alt 2 provides additional flexibility allowing a UE to restrict the CSI calculation to a subset of the configured TRPs, but it also implies significant additional UE complexity to calculate CSIs for different transmission hypotheses. If, instead the UE selection of TRPs is based on RSRP measurement, the selection can be done by the network based on separate RSRP feedback or SRS measurement. 

Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. [bookmark: _Ref111214550]Regarding TRP selection/determination, support Alt 1with  and gNB-configured.

In Type-II extension for CJT, a UE can be configured to select separate SD beams for each TRP. The TRPs share the same DFT codebook of size . In general, a UE may select  beams for TRP 0,  beams for TRP 1, etc., such that the total number of selected beams is . The values  may be network configured or selected by a UE and they may be the same for all TRPs, i.e., , for , or different. In the case the number of beams per TRP is selected by a UE, with , a UE may decide to report CSI on a subset of TRPs. However, UE selection of  requires higher feedback overhead, because the UE needs to indicate the selected values of  in Part 1 of the CSI report, which has fixed size, for the gNB to be able to determine the payload size of Part 2, which is variable.
Figure 1 shows an example of  selection, which is consistent with all three alternative codebook structures, with  antenna ports and an array layout  and oversampling . Each of the two RRHs/TRPs is associated to a size- codebook. A UE selects  beams for TRP 0 from the basis set identified by offsets  and formed by  beams. The other  beams are selected for TRP 1 from the basis set identified by offsets  and formed by  beams.
Proposal 5. [bookmark: _Ref111214562]Regarding the number of selected SD basis vectors, a UE is configured to select  SD bases per TRP, such that the total number of reported SD bases is .
[image: ]
[bookmark: _Ref101892676]Figure 1. Example of  selection for CJT with .  and . A UE selects  beams per RRH/TRP

Figure 2 shows how the  selected SD beams are combined to form . The figure also shows the proposed  selection according to Alt 2 with TRP-common bases, for a generic layer.
[image: ]
[bookmark: _Ref101893449]Figure 2. Example of Alt 2 codebook structure for Type-II-CJT with  and , showing how the selected beams per RRH/TRP combine to form .


2.3.2	 coefficient quantisation
In RAN1#109-e, the following was agreed on the quantisation of nonzero coefficients.
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” 
In legacy Type-II CSI, a “group” of coefficients is formed by a polarisation per layer, for amplitude reference and by a whole layer, for phase reference. Therefore, for 𝑁 TRPs, there can be up to 2𝑁 reference amplitudes (per polarisation per TRP) and up to 𝑁 reference phases (per TRP).
Whilst the SD beams and FD basis components may be determined separately or jointly for each Port Group/TRP, in a CJT measurement hypothesis the nonzero combination coefficients (NZC) need to be calculated jointly across Port Groups/TRPs because a layer is formed by a combination of beams transmitted by multiple Port Groups/TRPs.
When multiple TRPs jointly serve a UE by using CJT mode, power imbalance among different TRPs may exist due to different distances and RSRPs to the same UE. This power imbalance may have large impact on CSI quantization accuracy and CJT transmission throughput. The nonzero coefficients in  are used to linearly combine different pairs of SD beams and FD basis components to approximate aggregated eigenvectors from multiple TRPs. However, in single-TRP Type-II CSI, there are only two reference amplitudes for these coefficients, one per polarisation, with the reference amplitude of the stronger polarisation normalised to one. Therefore, additional per-TRP amplitude reference should be considered to address this power imbalance problem between TRPs.
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. [bookmark: _Ref111214379]Power imbalance among different TRPs may exist due to different distances and RSRPs. The reference amplitude of the stronger polarisation for each TRP can be used as co-amplitude scaling factor with respect to the TRP with the strongest coefficient.
Observation 14. [bookmark: _Ref111214389]The phase of combination coefficients in a layer can be normalised across TRPs with respect to the strongest coefficient for that layer as per legacy Rel-16 quantisation scheme.
Proposal 1. [bookmark: _Ref102122174]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. [bookmark: _Ref111214583]Regarding the reference amplitudes of , support  reference amplitudes per layer, one per polarisation per TRP, and the reporting of  reference amplitudes (the reference amplitude of the TRP with the strongest coefficient is assumed 1).
Proposal 7. [bookmark: _Ref111214595]Regarding the reference phase of ,  support a single reference phase per layer across TRPs, corresponding to the phase of the strongest coefficient, assumed 0 and not reported.

2.3.3	Indication of reference FD basis offsets per TRP
We observed above that wideband-level co-phasing between TRPs is not needed because the  coefficients of all TRPs can be normalised in phase with respect to the same reference for each layer. However, different distances between TRPs and UE may cause relative shifts of the dominant delays between TRPs. When reporting , alignment between these FD components can be improved by indicating a relative shift, which corresponds to subband-level co-phasing between TRPs along a phase ramp.
In legacy codebooks the FD basis component indices are reported relative to a reference, which is either the FD component of the strongest coefficient for a given layer (Rel-16) or the selected FD component of lowest index (Rel-17). This is possible because a precoder vector is transparent to a phase multiplication applied to all the transmit ports, hence a cyclic shift applied to the selected FD component indices does not need reporting. However, because CJT transmission requires the Port Group/TRPs to be synchronised in phase as well as time,  of these cyclic shifts need to be reported and compensated for in the precoder reconstruction. Note that one TRP can be taken as reference, hence any cyclic shift for this TRP does not need reporting as per legacy Rel-16 FD basis reporting.
Figure 3 illustrates an example of cyclic shift applied to the FD components of TRP 1 to align their amplitude profile to that of TRP 0, taken as reference TRP. The UE may then select, for example, the  strongest FD components for both TRPs as components 0,1,6,7. The UE reports a cyclic shift  for TRP 1. This cyclic shift is applied in the precoder matrix reconstruction to obtain a shifted set of FD components for TRP 1, such that components 2,3,0,1 are used to combine beams for TRP 1 and FD components 0,1,6,7 are used for TRP 0.
[image: ]
[bookmark: _Ref101899526]Figure 3. Example of cyclic shift applied to the FD basis set of TRP 1 to achieve better alignment between TRPs for common FD basis component selection.

Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. 
Observation 14. 
Observation 15. [bookmark: _Ref111214413]Different distances between TRPs and UE may cause relative shifts of the dominant delays between TRPs. When reporting , alignment between these FD components can be improved by indicating a relative shift, which corresponds to subband-level co-phasing between TRPs along a phase ramp.
Proposal 1. [bookmark: _Ref102122121]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. [bookmark: _Ref111214606]For Type-II CJT, support an indication of relative offset of reference FD basis per TRP with respect to a reference TRP, to maximise the overlap between the reported TRP-common  and the dominant FD bases of different TRPs.


2.4	Simulation results
We carried out some simulations to evaluate Type-II-CJT gains in three of the scenarios agreed in [3], Outdoor 1, Outdoor 2A intra-site and Outdoor 2A inter-site as showed in Figure 4, Figure 5, Figure 6, respectively.
In all scenarios, the gNB configures a CJT reporting size with  TRPs where . The TRPs in a reporting set are selected by the gNB from a CJT scheduling set formed by  TRPs, such that all TRPs in a reporting set are within 12dB RSRP threshold with respect to the maximum RSRP in the CJT scheduling set. The size of the CJT scheduling set is provided in Table 2 for the different scenarios. A UE provides CSI feedback only for the configured CJT transmission set.
	[image: ]
[bookmark: _Ref101947964]Figure 4. Outdoor 1
	[image: ]
[bookmark: _Ref101948445]Figure 5. Outdoor 2A, intra-site
	[image: ]
[bookmark: _Ref111139700]Figure 6. Outdoor 2A, inter-site


The system simulation parameters are summarised in Table 2. As baseline we assumed single-TRP scheduling with eType-II (Rel-16) CSI feedback. 
We compared mean UE spectral efficiency (SE) and cell-edge SE between the baseline and each of the 3 scenarios. 
	[image: ]
[bookmark: _Ref101960925]Figure 7. Scenario Outdoor 1 with TRP scheduling set of 4 (intra-sector) and 12 (inter-sector). . Target traffic load (RU): 37%.
	[image: ]
[bookmark: _Ref101960927]Figure 8. B1: Scenario 2A, intra-cell and inter-cell, with TRP scheduling set of 3 (intra-site) and 9 (inter-site).  for intra-site and  for inter-site. Target traffic load (RU): 32%.



In these results, we observe very significant gains in scenario deployments at 700MHz (Outdoor 1). Performance gains of CJT in Dense Urban deployments at 2 GHz are lower, in general, than the CJT gains at 700 MHz. Furthermore, we see that the performance gains are higher for larger CJT scheduling sets even if the CJT configuration and reporting set () is limited to 4. Performance gains of CJT do not degrade significantly in all scenarios when the feedback overhead is limited to be approximately the same as for single-TRP eType-II.
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. 
Observation 14. 
Observation 15. 
Observation 16. [bookmark: _Ref102124832]In our simulation results, we observe very significant throughput gains in Outdoor 1 scenario at 700 MHz, in the order of 40% for mean UE throughput and 116% for cell-edge throughput. Gains are also significant, although smaller, for Outdoor 2A scenario at 2GHz, with increase in throughput of about 8% and 34% for mean UE and cell-edge throughput, respectively.

3	Type-II Doppler
[bookmark: _Ref111191937]3.1	CSI measurement and reporting
The CSI Resource Setting linked to a Type-II-Doppler report needs to provide a CSI-RS resource burst to allow a UE to calculate channel prediction/extrapolation filters and either a periodic or semi-persistent CSI-RS resource used by a UE to predict the channel and corresponding CSI when a CSI request is triggered or activated. In general, we assume that the predictive filters calculated from measurement of a CSI-RS burst are used for many CSI reports and can be updated when the network triggers the next CSI-RS burst.
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. 
Observation 14. 
Observation 15. 
Observation 16. 
Observation 17. [bookmark: _Ref111214744]In a UE-based channel prediction scheme for Type-II-Doppler, a UE calculates channel prediction/extrapolation filters from a CSI-RS resource burst and uses the filters to predict the channel and calculate the corresponding CSI for subsequent CSI reports.
Figure 9 illustrates the composition and relative position of the measurement window, , and reporting window, , for three CSI reports with CSI feedback periodicity , according to the definitions introduced in RAN1#109-e.
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)
An initial CSI-RS burst is formed by  CSI-RS measurement occasions separated by  slots such that the size of the measurement window is slots. In case of semipersistent CSI reporting, we assume that the CSI reporting periodicity is . The size of the reporting window is  slots, i.e., twice the separation between measurement occasions in a CSI-RS burst. In case of semipersistent CSI reporting, the size of the reporting window also equals the CSI feedback periodicity, . 
[image: ]
[bookmark: _Ref110234441]Figure 9. Illustration of the composition and relative position of the measurement window, , and reporting window, .

In RAN1#109-e, some alternatives were considered regarding the relative position of the measurement and reporting window, as captured in the following agreement
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
Three alternatives were identified regarding the boundary for the start of the reporting window: 
1. the reference resource slot ,
2. the CSI report slot , or
3. the end slot of the measurement window, .
For each alternative,
· option A implies that a UE reports past CSIs,
· option B that a UE reports future, i.e., predicted/extrapolated CSIs, possibly including the CSI obtained from the latest CSI-RS measurement, and
· option C implies that a UE reports both past and future CSIs.
For each Type-II-Doppler CSI reporting window, we propose that the UE reports two CSIs: the latest measured CSI and a predicted CSI. The latest CSI is calculated from the latest CSI-RS occasion in the measurement window preceding the reporting window; the predicted CSI is calculated from the predicted channel at midpoint in the reporting window. The baseline comparison is a UE reporting only the latest measured CSI in each reporting period, whereas the performance upper-bound is a genie-aided scheme wherein a UE knows the actual channel at the reporting period midpoint and reports the latest CSI and the midpoint CSI in each reporting window.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. [bookmark: _Ref111214876]For Type-II-Doppler, support UE-side prediction for CQI/PMI/RI calculation.
Proposal 10. [bookmark: _Ref111214891]Regarding issue 12 (configuration of the reporting window), support Alt 3B with , or Alt 2B with , to support UE-side prediction
Proposal 11. [bookmark: _Ref111214912]Regarding the association between reported CSIs and reporting window, a UE configured to report  CSIs is expected to calculate/predict CSIs at time slots , , ..., . 
The predictor used by a UE is a UE implementation choice. For example, an MMSE predictor (Wiener filter) may be used. We tested both a 1-D time-domain (TD) predictor and a 2-D time-frequency-domain (TD-FD) predictor, however no additional gain was observed for the 2-D predictor compared to the 1-D predictor.
Before calculating the predictor filter weights, we applied DFT pre-processing in FD and in SD (per polarisation), such that the TD-predictor filter weights are calculated in the angle and delay domains, i.e., a separate TD-filter is calculated for each dominant delay and angle. The reason for calculating the filter weights in the angle-delay domains rather than antenna-frequency domains is the higher time-correlation observed in those domains for the dominant delays and angles. Besides, by selecting the dominant delays and angles, the number of predictor filters needed can be significantly reduced. Note that the predictor filters are intended to last for multiple CSI reports, i.e., for a period much longer than the reporting periodicity . Hence, the set of dominant delays and angles for which the predictor filters are calculated may be larger than the set of SD and FD bases of a CSI report. We observe some gain when applying oversampling to the DFT operations in both FD and SD before filter calculation. We apply a factor-2 oversampling in FD and a factor-4 oversampling in SD. For SD oversampling, we select one orthogonal group for all the CSI-RS measurements in a burst.
One important observation is that no eigenvector calculation is needed for calculating the channel prediction filters at the UE side because prediction/extrapolation is applied to the channel observations rather than the precoder. This allows to avoid phase jumps between eigenvectors calculated at different time samples, which significantly reduce the time-correlation of eigenvector coefficients compared to the time-correlation of the underlying channel. We observed that the MMSE predictor fails at predicting/extrapolating an eigenvector-based precoder without phase adjustments of the precoder weights in time. However, adjusting the phase of eigenvectors in time to maintain their correlation appears to be a complex optimisation problem.
Observation 18. [bookmark: _Ref111214790]For UE-side channel prediction, there is no need for eigenvector calculation for all the channel measurements in a measurement window. This avoids the problem of phase jumps between eigenvectors calculated at different slots, which impacts the time correlation of eigenvectors. 
For angle  and delay tap , the MMSE predictor filter  of length  at time  is obtained as follows. Let  be the vector of channel measurements in time obtained from the CSI-RS occasions in the measurement window. The predicted channel is given by
	
	(1)


Let  be the estimation error, the Wiener filter minimises the mean square error given by  and is such that the estimation error is uncorrelated with the observations, i.e., .
Let the autocorrelation matrix of the input to the filter be
	
	(2)


and the cross-correlation between the desired output and the input be
	.
	(3)


The solution of the Wiener-Hopf equation yields
	
	(4)


To calculate the filter, the autocorrelation of the input can be calculated from periodic (p-) or semi-persistent (sp-) resources with periodicity  because the input to the filter, after the initial burst, are the p- or sp-CSI-RS. However, the cross-correlation between the desired output and input needs to be calculated at lags , ,...,, hence the need for aperiodic CSI-RS. The autocorrelation can be kept updated from p-, sp-CSI-RS, whereas a CSI-RS burst is needed primarily to update the cross-correlation. Note that the maximum filter length determines the largest cross-correlation lag required and is linked to the burst size: .
A CSI-RS burst for initial calculation or subsequent updates of the channel predictor filters can be provided by an aperiodic (a-) resource set with one or more resources, in combination with a p- or sp-CSI-RS resource set with a single resource, or by itself. When used in combination with a p- or sp- resource, the a-resource set may be associated to the corresponding p- or sp-resource resource with which it shares the same properties. Note that a similar link exists between an a-TRS resource set, when configured, and the corresponding p-TRP resource. For example, the a-resources can be QCL-type A or D with the corresponding p- or sp-resource. In the a-resource set configuration, the aperiodicTriggeringOffset parameter indicates the offset of the first resource, and the other resources, if present, are separated by  slots, with, for example, , where  is the periodicity of the corresponding p- or sp-resource, if the a-resource set is linked to a p- or sp-resource.
To form a burst of  measurement occasions, an a-CSI-RS resource set can be configured with  resources if it is associated to a p- or sp-CSI-RS resource for Type-II-Doppler CSI reporting, as shown in Figure 9. In case the burst is formed only by the a-CSI-RS resource set, this set can be configured with  resources, separated, for example by  slots.
An a-CSI-RS burst transmission can be triggered by a DCI command triggering an a-CSI report or a DCI command activating a sp-CSI report. If the triggered a-CSI-RS resource set is associated to a p- or sp-CSI-RS resource, it is assumed that the p-CSI-RS resource is active or the sp-CSI-RS resource has been activated by MAC-CE.
Note that for sp-CSI reports, the CSI-RS burst is triggered by the DCI activation command, which allows to calculate or update the prediction filters before the first report, however subsequent CSI reports can reuse the same filters obtained from the initial measurement burst. In practice, for sp-CSI reports, whether a UE can calculate/refresh the prediction filters or reuse old filters depends on the “density” of CSI-RS occasions in the measurement window, as shown in Figure 9. 
Proposal 12. [bookmark: _Ref111214929]Regarding issue 10 (CSI-RS “burst” configuration), support the configuration of an aperiodic CSI-RS resource set with multiple resources where:
· the triggering offset indicates the offset of the first resource,
· the a-CSI-RS resources can be associated to a periodic or semipersistent resource with the same properties,
· the separation between the aperiodic resources is the same as the periodicity of the associated p- or sp-resource.
Proposal 13. [bookmark: _Ref111214970]Regarding issue 10 (CSI-RS “burst” configuration), support triggering of an aperiodic CSI-RS resource set by either a DCI triggering an aperiodic CSI report or a DCI activating a semi-persistent CSI report.
Regarding the CSI reference resource in time, its function is to indicate the latest CSI-RS measurement occasion that can be used by a UE for CSI calculation before the reporting slot n. This definition does not seem to need changing with UE-side prediction. For a UE to be able to measure all the CSI-RS occasions in the measurement window, the end slot of the measurement window has to occur before the reference resource, , .
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. [bookmark: _Ref111214988]Regarding issue 11 (CSI reference resource), a UE is expected to update a CSI report if the end slot of the measurement window is not later than the reference resource, i.e., .

[bookmark: _Ref101288260]3.2	Codebook structure
In RAN1#109-e the following alternatives were discussed for Type-II-Doppler codebook structure:
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.
Alt 1 and Alt 2 are algebraically equivalent and express a precoder as a linear combination of temporal-frequency-spatial basis vectors, which can be written as
	
	(5)


where:
·  is a matrix of wideband DFT beams or port selection matrix, of size  or  and is formed by the same  orthogonal beams or ports for each of the two polarizations, selected from a set of oversampled 2D DFT beams or from  ports, where  and  are the number of antenna ports in horizontal and vertical dimensions of the transmit rectangular array and  is the number of CSI-RS ports in the port selection CB.
·  is a matrix of FD basis components of size , where  is the number of PMI subbands and it is formed by  orthogonal vectors selected from a DFT codebook.
·  is a matrix of time-domain/Doppler domain (TD/DD) basis vectors of size , where  is the length of the basis vectors and  is the number of selected orthogonal basis vectors.
·  is the matrix of linear combination coefficients, which can be written in different ways depending on the arrangement of the three dimensions on rows and columns, for example, , where , with  represents the  matrix of TD/DD coefficients associated to the -th TD/DD basis vector.
By applying a simple algebraic identity, (7) can be written as either Alt 1 or Alt 2, as follows:
	
	(6)


where  is a rearranged version of , of size 
	
	[bookmark: _Ref534994984][bookmark: _Ref534994990](7)


Alt 3, on the other hand, is a special case of both Alt 1 and Alt 2, in which  is the identity with .
Observation 19. [bookmark: _Ref111214805]Alt 1 and Alt 2 are algebraically equivalent formulations of the same precoder structure, and Alt 3 is a special case of Alt 1/2 with  or  replaced by the identity, if all CSIs are reported in the same report.
In general, TD/DD compression is useful in reducing the feedback overhead when reporting a relatively large number of CSIs in one report. In our view, introducing TD/DD compression only makes sense for , i.e., if a UE reports more than 2 PMIs per report. If a UE reports 2 PMIs in a report and the number of selected TD/DD bases is , there is no compression gain (if , this is the same as reporting a single PMI).
For UE-side prediction, there does not seem to be any gain in reporting  PMIs per report, when compared to a legacy report with only 1 CSI for the same reporting period. On the other hand, for gNB-side prediction, we observed that prediction is very poor because time-correlation of reported PMIs is affected by random phase jumps in eigenvectors.
Proposal 14. Regarding issue 8 (codebook structure), support Alt 2A (with ).
Regarding the TD/DD basis design, four alternatives were identified in RAN1#109-e
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)

Proposal 15. [bookmark: _Ref111215005]Regarding issue 9 (TT/DD basis design), support Alt 4.

3.3	Simulation results
Regarding the predictor choice, we used an MMSE predictor (Wiener filter) in time, as described in Sec. 3.1. As noted before, such predictor applied on reported PMIs at the gNB performs very poorly because the eigenvector calculation introduces arbitrary phase rotations which significantly degrades the time correlation.
Hence, we focused on optimising a UE-side MMSE channel predictor, whereby a UE obtains channel prediction filters from a CSI-RS resource burst and predicts the channel with prediction steps determined by separation of CSI-RS occasions in the burst, as shown in Figure 9. Once calculated, the prediction filters are used for a time duration much longer than the reporting periodicity, until a new CSI-RS burst is triggered, which allows to update the filters. We considered different variants of the predictor filters, summarised as follows:
· 2D (time-frequency) vs. 1D (time-only) predictor filters
· Prediction filters calculated per CSI-RS port vs. filters per SD beam, i.e., in antenna vs. angular domain.
· Prediction filters calculated per subband group vs. filters per FD component, i.e., in frequency vs. delay domain
· Oversampling applied to the DFT processing in SD and FD before filter calculation.
To evaluate channel predictor performance, we calculate the cosine similarity between the test eigenvectors and true channel eigenvectors. Cosine similarity is a widely used vector distortion metric defined as the normalised magnitude of the inner product between two vectors. A baseline to compare predictor distortion is given by a simple zero-order holder (ZoH), which consists in measuring the channel from CSI-RS occasions and assuming that the channel is constant during each CSI-RS period. For the channel predictor, the prediction horizon is assumed equal to half a CSI-RS period, which means that, for every CSI-RS period, the channel is predicted at half a period after the latest measurement.
In all simulations, we assume a CSI-RS periodicity and CSI periodicity of 40ms, a 1-step forward channel prediction with step-size of 20ms, which corresponds to the “prediction horizon”, and an initial burst of CSI-RS occasions separated by the prediction step-size of 20ms.
Figure 10 shows the distortion of various MMSE channel predictors in time, compared to the ZoH baseline for a UE speed of 30km/h, whilst Figure 11 shows a comparison in terms of CQI between the best performing MMSE predictor, the ZoH baseline and the ideal case when the channel is perfectly known every 20ms. We observe some meaningful gain in terms of cosine similarity, which however tends to become much slimmer when comparing CQI. Generally, CQI provides a better estimate of system-level throughput performance than eigenvector-based distortion metrics.
Observation 20. [bookmark: _Ref111214815]When comparing MMSE channel predictor performance to a zero-order holder baseline, the gain observed in eigenvector-based cosine similarity distortion tends to be much smaller for CQI, which is more indicative of system-level throughput.
	[image: ]
[bookmark: _Ref111201232]Figure 10. Eigenvector distortion comparison between zero-order holder and MMSE channel predictors.
	[image: ]
[bookmark: _Ref111201432]Figure 11. CQI comparison between genie-aided ideal channel, zero-order holder and best-performing MMSE channel predictor.



We proceed by evaluating system level throughout performance of a Type-II-Doppler scheme with UE-side prediction. The baseline is given by Rel-16 Type-II and we simulate a rank-2 SU-MIMO system.
To isolate prediction gain we assume the same CSI-RS and CSI reporting periodicity for the baseline and Type-II-Doppler reporting, such that 1 CSI is reported per reporting period for the baseline and 2 CSIs are reported per reporting period for Type-II-Doppler, each valid for half the duration of the CSI reporting period. Note that if the comparison was done by assuming different CSI reporting periods for the two systems, such that the same number of CSIs are reported on average per given period, compression gain rather than prediction gain would prevail as we increase the number of CSIs compressed in one report for Type-II-Doppler.
A summary of SLS parameters is reported in Table 3.
Observation 21. [bookmark: _Ref111214825]To compare Type-II-Doppler with baseline Type-II, we assume the same CSI-RS and CSI reporting periodicity. If the comparison is done by assuming, for the baseline, a CSI reporting periodicity  times smaller than that of Type-II-Doppler such that the same number of CSIs are reported on average per given period, compression gain rather than prediction gain would dominate as we increase , even at low Doppler spread.
In Figure 12, Figure 13, Figure 14, the cosine similarity is compared for each of the two layers, for UE speed of 10, 30 and 60km/h, whilst in Figure 15 and Figure 16, mean and cell-edge throughput are compared, respectively. We observe that the prediction gain of Type-II-Doppler is generally consistent with speed. However, the relatively significant gain observed in cosine similarity does not appear as large in throughput. Also note that the feedback overhead is larger for Type-II-Doppler than for the baseline because two CSIs are sent per report rather than one, although they share the same  and .
Observation 22. [bookmark: _Ref111214835]A comparison between R16 Type-II with one CSI per reporting period and Type-II-Doppler with UE-side prediction and two CSIs per reporting period, assuming the same CSI reporting periods for the two systems, shows gains of 2%, 2.6, 2.7% in mean UE throughput for speeds of 10,30,60 km/h, respectively, and gains of 4.6%, 1.3%, 1.4% in cell-edge UE throughput, for speeds of 10,30,60 km/h, respectively.
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[bookmark: _Ref111207298]Figure 12. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 10km/h for rank-2 SU-MIMO.
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[bookmark: _Ref111207301]Figure 13. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 30km/h for rank-2 SU-MIMO.



[image: ]
[bookmark: _Ref111207304]Figure 14. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 60km/h for rank-2 SU-MIMO.
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[bookmark: _Ref111208015]Figure 15. Mean UE throughput comparison between R16 Type-II (1 CSI/reporting period) and Type-II-Doppler with UE-side prediction (2 CSIs/reporting period). paramCombination-r16=4.
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[bookmark: _Ref111208016]Figure 16. Cell-edge UE throughput comparison between R16 Type-II (1 CSI/reporting period) and Type-II-Doppler with UE-side prediction (2 CSIs/reporting period). paramCombination-r16=4.




4	TDCP
4.1	TDCP reporting format and parameters
In RAN1#109-e the following two use cases were identified for consideration
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 first use case of aiding the gNB to configure the periodicity of CSI-RS and/or CSI reporting and the type of CSI report is well served by a standalone TDCP report. For the second use case of aiding gNB-side prediction, it is not clear to us how TDCP reporting could be used by a gNB to predict CSI. 
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)
Proposal 16. [bookmark: _Ref111215053]Regarding issue 14 (TDCP reporting format) support standalone reporting (Alt 1).
It also clearly emerged from the discussion that TDCP is a noncodebook-based CSI reporting with the following quantities identified for down-selection
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
In our view, the main use case for TDCP reporting is to aid the network scheduling of CSI-RS and CSI reporting configuration parameters by adapting the periodicity and type of CSI reporting or CSI prediction times and the periodicity of CSI-RS to the channel coherence time.
Observation 7. 
Observation 8. 
Observation 9. 
Observation 10. 
Observation 11. 
Observation 12. 
Observation 13. 
Observation 14. 
Observation 15. 
Observation 16. 
For TDCP reporting, a UE may be configured to measure and report time correlation or Doppler coefficients from one or more TRS occasions. Figure 17 shows the resource element locations occupied by a TRS occasion configured with 4 resources over two consecutive slots. A UE may be configured to calculate the normalised time correlation of the TRS signal. Figure 18 illustrates how a TRS measurement occasion allows to calculate the time correlation at lags: . The network may configure a minimum time unit, , such that all the correlation lag values are a multiple of . In the example, , where  is a symbol time duration and the lag values are indexed by their normalised duration, such that , , etc. Note that, in this notation, . 
Figure 18 illustrates an example of time correlation measured from the TRS resources of Figure 17. A UE may calculate such normalised time correlation at lag  as follows
	
	(8)


where  is the TRS measurement at time . Figure 18 also shows the relationship between time correlation and Doppler spectrum obtained by applying a DFT operation. Note that the maximum lag of the time correlation normalised by the time unit  provides the DFT size, , i.e.,
	
	(9)


In practice, the value of  and the time unit  can be network-configured with  multiple of a symbol duration, .
Proposal 17. [bookmark: _Ref102121539][bookmark: _Ref111215178]Regarding issue 13 (TDCP parameters), support Alt 2 by configuring a UE to report Doppler spread, i.e., maximum Doppler shift, measured from TRS.
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[bookmark: _Ref101290708]Figure 17. Example of TRS set configuration with 4 resources showing the time-correlation lags that can be measured, besides -lag. , with time sample , and  is a symbol duration.
	[image: ]
[bookmark: _Ref101290902]Figure 18. Example of time-autocorrelation function calculated from TRS and corresponding Doppler spectrum, with parameters  and . 




5	Conclusion
Hereafter is a summary of observations and proposals for Type-II-Doppler enhancement.
Observation 1	For issue 3 (Resource Setting configuration for Type-II-CJT), with Option 1, a single CMR is divided in  Port Groups. This limits the maximum number of ports per TRP to , all TRPs share the same resource-specific attributes, such as TCI state and PDSCH/CSI-RS EPRE ratio.
Observation 2	For issue 3 (Resource Setting configuration for Type-II-CJT), Option 1 has the advantage of a leaner and more flexible configuration and is applicable when the same TCI state and Pc ratio are used by all TRPs (e.g., sub-GHz deployment with co-sited TRPs).
Observation 3	For issue 3 (Resource Setting configuration for Type-II-CJT), with Option 2, a Resource Set has  CMRs and each TRP can be configured with separate resource-specific parameters, such as TCI state and Pc ratio, etc.
Observation 4	For issue 4 (specification of TRP entity), there is no need to specify the entity corresponding to a TRP, as the CSI measurement and reporting is based on CSI-RS resources (Option 2) or Port Groups (Option 1).
Observation 5	Regarding the mapping between TRPs and CMRs, with Option 2, there is no need to signal the mapping between TRP/TRP group indices and CMRs because different Resource Settings can be triggered/activated depending on the TRP configuration.
Observation 6	Regarding the mapping between TRPs and Port Groups, with Option 1, an RRC indication of the triplet () is needed, where  indicates the number of Port Groups, such that the total number of ports is .
Observation 7	Regarding issue 5 (codebook structures for Type-II-CJT), in all alternatives the SD bases are TRP-specific, whereas the FD bases are TRP-specific in Alt 1 and TRP-common in Alt2.
Observation 8	Regarding issue 5 (codebook structures for Type-II-CJT), Alt 1A and 1B are algebraically equivalent with  and .
Observation 9	Regarding issue 5 (codebook structures for Type-II-CJT), Alt 1 entails separate FD bases selection and  calculation, followed by calculation of wideband co-amplitude and co-phase factors between TRPs, whereas in Alt 2 these operations are done jointly across TRPs. Because in CJT each layer is jointly transmitted by all TRPs, separate processing does not seem to provide any benefit in either complexity or performance.
Observation 10	Regarding issue 5 (codebook structures for Type-II-CJT), wideband co-phasing between TRPs is not needed because the  coefficients of all TRPs can be normalised in phase with respect to the same reference for each layer.
Observation 11	Regarding issue 5 (codebook structures for Type-II-CJT), wideband co-amplitude factors between TRPs are useful to adjust the quantisation levels to different received power levels, and, in Alt 2, they can be naturally incorporated in per-TRP reference amplitudes of .
Observation 12	Regarding issue 5 (codebook structures for Type-II-CJT), the difference between FD bases between TRPs due to different TRP-UE distances can be addressed by applying TRP-specific shifts of a reference FD basis and reporting a TRP-common .
Observation 13	Power imbalance among different TRPs may exist due to different distances and RSRPs. The reference amplitude of the stronger polarisation for each TRP can be used as co-amplitude scaling factor with respect to the TRP with the strongest coefficient.
Observation 14	The phase of combination coefficients in a layer can be normalised across TRPs with respect to the strongest coefficient for that layer as per legacy Rel-16 quantisation scheme.
Observation 15	Different distances between TRPs and UE may cause relative shifts of the dominant delays between TRPs. When reporting , alignment between these FD components can be improved by indicating a relative shift, which corresponds to subband-level co-phasing between TRPs along a phase ramp.
Observation 16	In our simulation results, we observe very significant throughput gains in Outdoor 1 scenario at 700 MHz, in the order of 40% for mean UE throughput and 116% for cell-edge throughput. Gains are also significant, although smaller, for Outdoor 2A scenario at 2GHz, with increase in throughput of about 8% and 34% for mean UE and cell-edge throughput, respectively.


Proposal 1	For issue 3 (Resource Setting configuration for Type-II-CJT) support both Option 2 and 1, i.e.
1. A Resource Set configured with  CMRs, one per TRP/TRP group.
2. A Resource Set configured with a single CMR with  Port Groups formed by  ports each
Proposal 2	Regarding issue 5 (codebook structures for Type-II-CJT), support Alt 2.
Proposal 3	Regarding issue 6 (SD and FD basis design for Type-II-CJT), support Alt 1.
Proposal 4	Regarding TRP selection/determination, support Alt 1with  and gNB-configured.
Proposal 5	Regarding the number of selected SD basis vectors, a UE is configured to select  SD bases per TRP, such that the total number of reported SD bases is .
Proposal 6	Regarding the reference amplitudes of , support  reference amplitudes per layer, one per polarisation per TRP, and the reporting of  reference amplitudes (the reference amplitude of the TRP with the strongest coefficient is assumed 1).
Proposal 7	Regarding the reference phase of ,  support a single reference phase per layer across TRPs, corresponding to the phase of the strongest coefficient, assumed 0 and not reported.
Proposal 8	For Type-II CJT, support an indication of relative offset of reference FD basis per TRP with respect to a reference TRP, to maximise the overlap between the reported TRP-common  and the dominant FD bases of different TRPs.
Hereafter is a summary of observations and proposals for Type-II-CJT enhancement in FDD.
Observation 17	In a UE-based channel prediction scheme for Type-II-Doppler, a UE calculates channel prediction/extrapolation filters from a CSI-RS resource burst and uses the filters to predict the channel and calculate the corresponding CSI for subsequent CSI reports.
Observation 18	For UE-side channel prediction, there is no need for eigenvector calculation for all the channel measurements in a measurement window. This avoids the problem of phase jumps between eigenvectors calculated at different slots, which impacts the time correlation of eigenvectors.
Observation 19	Alt 1 and Alt 2 are algebraically equivalent formulations of the same precoder structure, and Alt 3 is a special case of Alt 1/2 with  or  replaced by the identity, if all CSIs are reported in the same report.
Observation 20	When comparing MMSE channel predictor performance to a zero-order holder baseline, the gain observed in eigenvector-based cosine similarity distortion tends to be much smaller for CQI, which is more indicative of system-level throughput.
Observation 21	To compare Type-II-Doppler with baseline Type-II, we assume the same CSI-RS and CSI reporting periodicity. If the comparison is done by assuming, for the baseline, a CSI reporting periodicity  times smaller than that of Type-II-Doppler such that the same number of CSIs are reported on average per given period, compression gain rather than prediction gain would dominate as we increase , even at low Doppler spread.
Observation 22	A comparison between R16 Type-II with one CSI per reporting period and Type-II-Doppler with UE-side prediction and two CSIs per reporting period, assuming the same CSI reporting periods for the two systems, shows gains of 2%, 2.6, 2.7% in mean UE throughput for speeds of 10,30,60 km/h, respectively, and gains of 4.6%, 1.3%, 1.4% in cell-edge UE throughput, for speeds of 10,30,60 km/h, respectively.

Proposal 9	For Type-II-Doppler, support UE-side prediction for CQI/PMI/RI calculation.
Proposal 10	Regarding issue 12 (configuration of the reporting window), support Alt 3B with , or Alt 2B with , to support UE-side prediction
Proposal 11	Regarding the association between reported CSIs and reporting window, a UE configured to report  CSIs is expected to calculate/predict CSIs at time slots , , ..., .
Proposal 12	Regarding issue 10 (CSI-RS “burst” configuration), support the configuration of an aperiodic CSI-RS resource set with multiple resources where:
· the triggering offset indicates the offset of the first resource,
· the a-CSI-RS resources can be associated to a periodic or semipersistent resource with the same properties,
· the separation between the aperiodic resources is the same as the periodicity of the associated p- or sp-resource.
Proposal 13	Regarding issue 10 (CSI-RS “burst” configuration), support triggering of an aperiodic CSI-RS resource set by either a DCI triggering an aperiodic CSI report or a DCI activating a semi-persistent CSI report.
Proposal 14	Regarding issue 11 (CSI reference resource), a UE is expected to update a CSI report if the end slot of the measurement window is not later than the reference resource, i.e., .
Proposal 15	Regarding issue 9 (TT/DD basis design), support Alt 4.



Hereafter is a summary of observations and proposals for TRS-based TDCP reporting enhancement.
Proposal 16	Regarding issue 14 (TDCP reporting format) support standalone reporting (Alt 1).
Proposal 17	Regarding issue 13 (TDCP parameters), support Alt 2 by configuring a UE to report Doppler spread, i.e., maximum Doppler shift, measured from TRS.
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Appendix A	SLS assumptions for Type-II-CJT
[bookmark: _Ref101951342]Table 2
	Parameters
	Scenarios

	
	Outdoor 1
	Outdoor 2A, intra-site
	Outdoor 2A, inter-site

	Inter-site distances
	1.7 km
	200 m
	200 m

	Carrier frequencies
	0.7 GHz
	2 GHz
	2 GHz

	Channel type
	RMa
	DU
	DU

	System bandwidth
	10MHz

	BS Transmit Power
	Macro: 46 dBm
RRH: 46 dBm 
	Macro: 46 dBm
	Macro: 46 dBm

	BS Height
	Macro: 35 m
RRH: 35m
	Macro: 25m
	Macro: 25m

	BS Antenna Configuration
	4 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,2,2,1,1,1,2)
100 mechanical elevation tilt
	4 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,2,2,1,1,1,2)
16 ports: (M,N,P,Mg,Ng,Mp,Np)  = (8,4,2,1,1,2,4)
100 mechanical elevation tilt
	16 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,4,2,1,1,2,4)
100 mechanical elevation tilt

	UE Distribution
	100% outdoor 
	100%, 20% outdoor 
	20% outdoor

	UE Antenna Configuration
	2 Rx: (M,N,P) = (1,1,2) 
	4 Rx: (M,N,P) = (1,2,2) 
	4 Rx: (M,N,P) = (1,2,2) 

	UE speed
	3 kmph

	Traffic Model
	FTP Model 1: target resource utilisation (RU) as specified in the results

	Receiver
	Non-ideal 2RX MMSE
	Non-ideal 4RX MMSE
	Non-ideal 4RX MMSE

	CJT scheduling set size
	4 TRPs (intra-sector),
12 TRPs (inter-sector)
	3 TRPs
	9 TRPs

	CJT reporting set size ()
	Up to 4 TRPs, gNB configured
	Up to 3 TRPs, gNB configured
	Up to 4 TRPs, gNB configured





Appendix B	SLS assumptions for Type-II-Doppler
[bookmark: _Ref111208480]Table 3
	Parameter
	Value

	Duplexing 
	FDD

	Scenario
	Dense Urban


	Carrier frequency
	2GHz

	Inter-BS distance
	200m 

	BS antenna configuration
	16TX: (8,4,2,1,1,2,4)
100 mechanical elevation tilt

	UE antenna configuration
	4RX: (1,2,2,1,1,1,2)

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	SCS 
	15kHz 

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz

	DL MIMO
	Rank-2 SU-MIMO

	CSI feedback
	Rel-16 Type-II

	Traffic model
	Full buffer

	UE distribution
	100% outdoor

	UE speed
	10/30/60 km/h

	UE receiver
	Nonideal 4Rx MMSE

	CSI-RS period
	40 ms

	Channel prediction horizon
	20 ms
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