[bookmark: _Hlk528952890]3GPP TSG RAN WG1 Meeting #110bis-e		R1- 2210063
e-Meeting, Oct 10th – 19th, 2022

Agenda item:       9.1.2
Source: 	Nokia, Nokia Shanghai Bell
Title: 	CSI enhancement for high/medium UE velocities and CJT
Document for:     Discussion and Decision
1	Introduction
In RAN1#110 progress was made in several design aspects of the three CSI features, summarised as followed:
· Type-II-CJT
· Resource Setting configuration with one CMR per TRP
· Support of up to 4 TRPs and rank 4
· Support of two codebook modes: TRP-common and TRP-specific FD basis vectors
· Support of both R16 and R17 Type-II enhancement
· SD and FD basis design reused from R16
· Single CJT transmission hypothesis is reported
· Type-II-Doppler
· Support of UE-side prediction
· TDCP reporting
· Standalone report
· Based on Doppler spectrum, time-correlation profile or choice between multiple CSI reporting/resource setting configurations
· Use cases: aiding gNB with CSI report/resource setting configurations, aiding gNB with codebook configuration parameters and aiding gNB implementation in TDD-based CSI prediction
Several open issues were also identified and prioritised for discussion, summarised in the following table
Table 1. Priority issues to be addressed in RAN1#110bis-e.
	
	Issue
	Topic

	1
	Type-II CJT 
	TRP selection/determination: down-select from Alt1 and Alt2

	2
	
	W2 quantization group + SCI: down-select from Alt1, Alt2, Alt3, and Alt4

	3
	
	(Related to #2): the need for strongest TRP indicator

	4
	
	SD and FD basis selection:
· per-layer vs layer-common, per-TRP vs TRP-common
· signaling/configuration of relevant parameters (2N1N2 and L, N3 and M)

	5
	
	NNZC and bitmap design: 
· including per-TRP vs TRP-common

	6
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	7
	
	Supported RI values

	8
	
	Codebook structure + basis: down-select from Alt2A, 2B, and 3 (basis Alt1 and Alt2)

	9
	
	UE-side prediction: down-select from Alt1B and Alt2B

	10
	
	Whether “UE assumes gNB-side prediction” (spec support) is supported

	11
	
	CSI-RS (proposal 2.G)

	13
	TDCP
	TDCP parameter(s): down-select from AltA, AltB, and AltC

	
	
	



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	Issue 1: TRP selection
In RAN1#110 the following two alternatives were identified for TRP selection/determination.
Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported
Alt 1 offers enough flexibility for the network to configure a subset  of the CJT scheduling set for CSI reporting, based on RSRP measurements. A UE, on the other hand, has the flexibility of selecting the nonzero coefficients (NZCs) freely across TRPs and, depending on small scale fading conditions can report more NZCs from some TRPs and less from others. It is also possible for a UE to report no NZCs for one or more TRPs, effectively achieving the same UE-side flexibility of Alt 2, but without the extra signalling required by Alt 2.
Alt 2, on the other hand, has a negative impact on the gNB scheduler as the combination of reported TRPs is not controlled by the network. This, in turn, may increase interference and/or reduce MU-MIMO throughput as the possible UE co-scheduling opportunities are reduced by the TRP selection done by UEs. Another drawback of Alt 2 is the need to introduce extra signalling, including in Part 1 CSI, because the indication of  would be required to establish the payload of Part 2 CSI.
Observation 1. [bookmark: _Ref115461918]Regarding Issue 1 (TRP selection), Alt 1 allows network flexibility to configure a subset of the CJT scheduling set for CSI reporting, based on RSRP measurements. A UE maintains the flexibility of reporting a variable number of NZCs for each configured TRP, including no NZCs for one or more TRPs, effectively achieving the same UE-side flexibility of Alt 2.
Observation 2. [bookmark: _Ref115461951]Regarding Issue 1 (TRP selection), Alt 2, has a negative impact on the gNB scheduler as the combination of reported TRPs is not controlled by the network, which may result in higher interference and/or reduced throughput. Another drawback of Alt 2 is the need to introduce extra signalling, including in Part 1 CSI.
Proposal 1. [bookmark: _Ref115462224]Regarding Issue 1 (TRP selection), support Alt 1.

2.2	Issue 2 and 3:  quantisation and SCI
In RAN1#110 the following four alternatives were identified.
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)
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 TRP, the NZCs need to be calculated jointly across TRPs because a layer is formed by a combination of beams transmitted by multiple TRPs. In other words, 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, 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. 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. [bookmark: _Ref111214379]
Observation 2. 
Observation 3. [bookmark: _Ref115461968]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 4. [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.
Observation 5. [bookmark: _Ref115462029]A single SCI across TRPs is sufficient to identify the strongest coefficient and the corresponding TRP.
Proposal 1. [bookmark: _Ref102122174][bookmark: _Ref111214583]
Proposal 2. [bookmark: _Ref115462244]Regarding Issue 2 and 3 ( quantisation groups and SCI), support Alt 3 with one SCI across TRPs and no need for strongest TRP indicator.

2.3	Issue 4: SD and FD bases selection
In RAN1#110, the following was agreed regarding the SD and FD bases selection.
Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

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

· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s
Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design.
Agreement
The Rel-18 Type-II codebook for CJT mTRP comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the same design details as the refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations
Strive to maintain as much commonality between the Rel-16 and Rel-17 codebook enhancements to minimize workload.
Based on these three agreements and on performance evaluations, there does not seem to be any need to change the assumptions of Rel-16 design regarding layer-common and polarisation-common SD basis selection. Regarding FD basis selection, it also seems natural to reuse the assumption of layer-specific FD basis selection, for Rel-16 Type-II, and layer-common FD basis selection, for Rel-17 Type-II. 
Proposal 3. [bookmark: _Ref115462255]Regarding issue 4 (SD and FD basis selection), support layer-common and polarisation-common SD bases selection for Rel-16-Type-II CJT. Support layer-specific FD bases selection for Rel-16-Type-II CJT and layer-common FD bases selection for Rel-17-Type-II CJT. The same definition of parameters , , ,  and  for the SD bases selection and , ,  and  for FD bases selection as in Rel-16-Type-II can be reused for Rel-16-based CJT extension. The same definition of parameters ,  and  as in Rel-17-Type-II can be reused for Rel-17-based CJT extension.
2.4	Issue 5: NNZC and bitmap design
As pointed out above, the NZCs need to be calculated jointly across TRPs because a layer is formed by a combination of beams transmitted by multiple TRPs. Therefore, it is important for good performance to allow free NZC selection at the UE with separate bitmaps per TRP and a joint constraint on the maximum number of NZCs across the  TRPs.
Note that allowing separate bitmaps for each of the  TRPs implies that the locations of the NZCs are freely selected for each TRP. However, the UCI mapping of the bitmap may be done by joining the  bitmap in one bitmap.
Proposal 4. [bookmark: _Ref115462269]Regarding Issue 5 (NNZC and bitmap design), support separate bitmaps for each of the  TRPs with joint NNZC constraint across all TRPs. Note that separate bitmaps implies that the locations of the NZCs are freely selected for each TRP, however, the  bitmaps may be mapped into one bitmap indicator in UCI.

2.5	Other issues
2.5.1	Indication of 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. For Rel-16-based CJT extension, 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/interpreted 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 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 no FD basis offset needs reporting for the reference TRP, which can be assumed to be the TRP corresponding to the strongest coefficient.
Figure 1 illustrates an example of FD offset applied to the FD basis vectors 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 an FD offset  for TRP 1. This offset is applied in the precoder matrix reconstruction to obtain a different 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 1. 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. [bookmark: _Ref115462049]The reporting of an FD offset allows to reduce the overhead of Mode 1 by selecting different FD bases per TRP and reporting a single . It also achieve a unified design between Mode 1 and Mode 2.
Observation 7. [bookmark: _Ref115462059]The reporting of an FD offset is needed for Rel-17-based CJT also for  (no reporting of ) to indicate the relative delays between TRPs. 
Proposal 1. [bookmark: _Ref102122121][bookmark: _Ref111214606]
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. [bookmark: _Ref115462283]For Type-II CJT, support unified reporting of a single  for both Mode 1 and Mode 2 and both Rel-16 and Rel-17 extension, by reporting an FD offset per TRP with respect to a reference TRP.
Proposal 6. [bookmark: _Ref115462298]For Type-II CJT, with Rel-17-based extension, support reporting of an FD offset per TRP with respect to a reference TRP for both  and .


3	Type-II Doppler
[bookmark: _Ref111191937][bookmark: _Ref101288260]3.1	Issue 8: codebook structure and TD bases
In RAN1#110 the following alternatives were discussed for Type-II-Doppler codebook structure:
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.


Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE

The length of the TD basis vectors, , determines the number of PMIs reported in a CSI report, hence we see the need to support small values of  to be able to configure a UE to report one or two predicted CSIs. For such small values of , however, the use of DFT basis vectors for TD compression may not be needed and  in the codebook structure can be replaced with the identity. This is certainly the case for  and may also apply to , depending on the configured value of  and the reporting mechanism of . For example, if all the coefficients of , of size  are reported, then compression is achieved only for , but for , choosing  TD basis vectors means that the same PMI is reported twice (a common phase rotation applied across all SD-FD pairs does not change the PMI).
Observation 8. [bookmark: _Ref115462104]For small values of =1,2, the use of DFT basis vectors for TD compression may not be needed and  in the codebook structure can be replaced with the identity. This is certainly the case for  and may also apply to , depending on the configured value of  and the reporting mechanism of .
Proposal 7. [bookmark: _Ref115462332]Regarding Issue 8 (codebook structure and TD bases), support Alt 3 for  and Alt 2A for , with the value of  to be determined.


3.2	Issue 9: UE-side prediction timeline
In RAN1#110 the following two alternatives were identified for the starting slot of the CSI reporting window of length 
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary

When UE-side prediction is assumed, a UE reports CSIs with effective time slots that occur later than the CSI-RS measurement occasions. For a CSI reporting interval  and a UE reporting  CSIs in the report, it is reasonable to assume that the first CSI is effective in the slot interval , the second CSI is effective in the slot , etc.. Because the CSI reference resource slot  occurs before the downlink report slot , with Alt 1.B, the validity interval of one or more CSIs occurs, at least partially, before the earliest PDSCH opportunity. To minimise the CSI aging, the validity interval of each reported CSI should occur after the reporting slot .
Observation 1. 
Observation 2. 
Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. 
Observation 8. 
Observation 9. [bookmark: _Ref115462116]With UE-based CSI, to minimise the aging effect of the reported CSIs, the start of the reporting window should be not earlier than the earliest PDSCH slot. 
Regarding the possibility of configuring the location of the CSI reference resource from multiple candidate values by higher-layer signalling, such that  can be placed nearer or further away from slot , this should be avoided because the position of the CSI reference resource in current specifications is determined based on the CSI calculation delay, which does not have a clear dependence on the effective time of a predicted CSI. Therefore, changing this definition for Type-II-Doppler would have large specification impact, for example, on the conditions for a CSI to be updated or dropped, the interaction with DRX, etc..
Observation 10. [bookmark: _Ref115462128]Allowing the location of the CSI reference resource, , to be configurable based on the starting slot of the CSI reporting window should be avoided because of the large specification impact for example, on the conditions for a CSI to be updated or dropped, the interaction with DRX, etc.. In current specifications,  is determined based on the CSI calculation delay, which does not depend on the effective time of a predicted CSI.
Proposal 8. [bookmark: _Ref115462348]Regarding Issue 9 (UE-side prediction timeline), support Alt 2.B.

3.3	Simulation results
Regarding the predictor choice, we used an MMSE predictor (Wiener filter) in time with UE-side channel prediction. 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. 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.
We also compared "channel-based" prediction, i.e., prediction before eigenvector calculation, against "PMI-based" prediction, i.e., prediction after eigenvector calculation. We tried 3 different UE implementations of "PMI-based" prediction schemes:
1) SD compression -> eigenvector calculation per subband with zero-phase of strongest beam -> FD compression -> MMSE prediction on the coefficients of ,
2) SD compression -> eigenvector calculation per subband with strongest beam normalised to 1 -> FD compression -> MMSE prediction on the coefficients of ,
3) SD compression -> FD compression -> single eigenvector calculation -> MMSE prediction on the coefficients of .
The results support the intuition that channel-based prediction works better than PMI-based prediction.
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 2 shows the distortion of various MMSE channel predictors in time, compared to the ZoH baseline for a UE speed of 30km/h, whilst Figure 3 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 11. [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 2. Eigenvector distortion comparison between zero-order holder and MMSE channel predictors.
	[image: ]
[bookmark: _Ref111201432]Figure 3. 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 2.
Observation 12. [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 4, Figure 5, Figure 6, the cosine similarity is compared for each of the two layers, for UE speed of 10, 30 and 60km/h, whilst in Figure 7 and Figure 8, 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 13. [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.
	[image: ]
[bookmark: _Ref111207298]Figure 4. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 10km/h for rank-2 SU-MIMO.
	[image: ]
[bookmark: _Ref111207301]Figure 5. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 30km/h for rank-2 SU-MIMO.



[image: ]
[bookmark: _Ref111207304]Figure 6. Eigenvector distortion comparison between zero-order holder and MMSE channel predictor at 60km/h for rank-2 SU-MIMO.


	[image: ]
[bookmark: _Ref111208015]Figure 7. 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.
	[image: ]
[bookmark: _Ref111208016]Figure 8. 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	Issue 13: TDCP parameters
In RAN1#110 the following three alternatives were identified for down-selection regarding the TDCP quantity definition.
Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases
In our view, the first two use cases for TDCP reporting are the most significant, i.e., aiding the gNB with CSI report/resource setting configuration and codebook parameter configuration. For the third use case of aiding gNB implementation in TDD-based CSI prediction, it is not clear how TDCP reporting based on Doppler spectrum parameters or time-autocorrelation profile can help gNB implementation of CSI prediction, based on full UL-DL channel reciprocity.
For the first two use-cases, the gNB needs to estimate the channel time variability, which is directly linked to the maximum Doppler shift, or Doppler spread of the channel. To estimate this quantity, full knowledge of the instantaneous time-domain correlation is not needed.
For accurate reporting of Doppler-based TDCP quantities, configuring a TRS measurement window spanning multiple periodic TRS occasions seems needed.
Proposal 9. [bookmark: _Ref111215053]Regarding issue 13 (TDCP parameters) support Alt A.
Proposal 10. [bookmark: _Ref115462371]Regarding TDCP calculation, support the configuration of a TRS measurement window spanning multiple TRS occasions.

5	Conclusion
Hereafter is a summary of observations and proposals for Type-II-CJT enhancement in FDD.
Observation 1	Regarding Issue 1 (TRP selection), Alt 1 allows network flexibility to configure a subset of the CJT scheduling set for CSI reporting, based on RSRP measurements. A UE maintains the flexibility of reporting a variable number of NZCs for each configured TRP, including no NZCs for one or more TRPs, effectively achieving the same UE-side flexibility of Alt 2.
Observation 2	Regarding Issue 1 (TRP selection), Alt 2, has a negative impact on the gNB scheduler as the combination of reported TRPs is not controlled by the network, which may result in higher interference and/or reduced throughput. Another drawback of Alt 2 is the need to introduce extra signalling, including in Part 1 CSI.
Observation 3	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 4	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 5	A single SCI across TRPs is sufficient to identify the strongest coefficient and the corresponding TRP.
Observation 6	The reporting of an FD offset allows to reduce the overhead of Mode 1 by selecting different FD bases per TRP and reporting a single . It also achieve a unified design between Mode 1 and Mode 2.
Observation 7	The reporting of an FD offset is needed for Rel-17-based CJT also for  (no reporting of ) to indicate the relative delays between TRPs.


Proposal 1	Regarding Issue 1 (TRP selection), support Alt 1.
Proposal 2	Regarding Issue 2 and 3 ( quantisation groups and SCI), support Alt 3 with one SCI across TRPs and no need for strongest TRP indicator.
Proposal 3	Regarding issue 4 (SD and FD basis selection), support layer-common and polarisation-common SD bases selection for Rel-16-Type-II CJT. Support layer-specific FD bases selection for Rel-16-Type-II CJT and layer-common FD bases selection for Rel-17-Type-II CJT. The same definition of parameters , , ,  and  for the SD bases selection and , ,  and  for FD bases selection as in Rel-16-Type-II can be reused for Rel-16-based CJT extension. The same definition of parameters ,  and  as in Rel-17-Type-II can be reused for Rel-17-based CJT extension.
Proposal 4	Regarding Issue 5 (NNZC and bitmap design), support separate bitmaps for each of the  TRPs with joint NNZC constraint across all TRPs. Note that separate bitmaps implies that the locations of the NZCs are freely selected for each TRP, however, the  bitmaps may be mapped into one bitmap indicator in UCI.
Proposal 5	For Type-II CJT, support unified reporting of a single  for both Mode 1 and Mode 2 and both Rel-16 and Rel-17 extension, by reporting an FD offset per TRP with respect to a reference TRP.
Proposal 6	For Type-II CJT, with Rel-17-based extension, support reporting of an FD offset per TRP with respect to a reference TRP for both  and .

Hereafter is a summary of observations and proposals for Type-II-Doppler enhancement.
Observation 8	For small values of =1,2, the use of DFT basis vectors for TD compression may not be needed and  in the codebook structure can be replaced with the identity. This is certainly the case for  and may also apply to , depending on the configured value of  and the reporting mechanism of .
Observation 9	With UE-based CSI, to minimise the aging effect of the reported CSIs, the start of the reporting window should be not earlier than the earliest PDSCH slot.
Observation 10	Allowing the location of the CSI reference resource, , to be configurable based on the starting slot of the CSI reporting window should be avoided because of the large specification impact for example, on the conditions for a CSI to be updated or dropped, the interaction with DRX, etc.. In current specifications,  is determined based on the CSI calculation delay, which does not depend on the effective time of a predicted CSI.
Observation 11	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 12	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 13	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 7	Regarding Issue 8 (codebook structure and TD bases), support Alt 3 for  and Alt 2A for , with the value of  to be determined.
Proposal 8	Regarding Issue 9 (UE-side prediction timeline), support Alt 2.B.

Hereafter is a summary of observations and proposals for TRS-based TDCP reporting enhancement.
Proposal 9	Regarding issue 13 (TDCP parameters) support Alt A.
Proposal 10	Regarding TDCP calculation, support the configuration of a TRS measurement window spanning multiple TRS occasions.
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Appendix A	SLS assumptions for Type-II-Doppler
[bookmark: _Ref111208480]Table 2
	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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