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Introduction
At the 3GPP TSG RAN #94e meeting the new WI on MIMO Evolution for Downlink and Uplink [1] were agreed. Two objectives of the WI correspond to the CSI enhancements including CSI enhancements for high/medium UE velocities and CSI enhancements for Coherent Joint Transmission (CJT).
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
0. Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
0. UE reporting of time-domain channel properties measured via CSI-RS for tracking
1. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
1. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off


In this contribution aspects related to the CSI enhancements for high/medium UE velocities and CSI enhancements for CJT are discussed. 
[bookmark: _Hlk47732020]Discussion
CSI enhancements for high/medium UE velocities
Rel-16 NR specification supports Enhanced Type II PMI codebook which uses spatial domain and frequency domain compression for increased efficiency of PMI reporting. In Rel-17 new PMI codebook was introduced. The new Rel-17 codebook has better performance and overhead tradeoff comparing to Rel-16 PMI codebook. However, the Rel-17 codebook requires reciprocity of delay and angles in the UL and DL, it also requires specific gNB implementation and UE-specific beamformed CSI-RS transmission which complicates the system implementation. Thus, considering the above, in our view refinement of Rel-16 PMI codebook shall be prioritized for CSI enhancements for high/medium velocity. If Rel-17 Type II PMI codebook is considered, Doppler-Domain (DD) FDD partial reciprocity should not be assumed to align the design for DD compression for different codebooks.
Proposal 1: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
· If Rel-17 Type II PMI codebook is considered, Doppler-Domain FDD partial reciprocity is not assumed
Higher rank transmission with 3 and 4 spatial layers is supported for Rel-16 Type II PMI codebook. According to the performance evaluations during Rel-16, the support of PMI reporting with higher accuracy Type II codebook allows to improve performance for both SU-MIMO and MU-MIMO comparing to the Type I PMI codebook. We are open to consider higher rank transmission for Type II codebook with Doppler-Domain compression. However, we prefer to consider it after design for Rank 1 and Rank 2 codebooks is finalized. 
Proposal 2: 
· Consider support of Rank 3 and Rank 4 codebooks after design of Rank 1 and Rank 2 codebooks is finalized
At the last RAN1 meeting the following agreement was made on the new PMI codebook structure for high/medium UE velocities. 
	Agreement
[bookmark: _Hlk115462962]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.



In order to compare the performance for different alternatives performance evaluation were carried out using SLS with the evaluation assumptions captured in the Appendix. Average UE throughput and Cell-edge UE throughput are presented in figure 1 and figure 2 respectively. The following PMI codebook configurations are considered: 
· Alt. 2A/2B: L = 4, p = {0.25, 0.25, 0.25, 0.5}, beta = {0.25, 0.5, 0.75, 0.5}, d = 0.5,
· Alt. 3: L = 4, p = {0.25, 0.25, 0.25, 0.5}, beta = {0.25, 0.5, 0.75, 0.5},
where parameter d corresponds to the ratio of the number of selected DD vectors and the total number of orthogonal DD vectors.

Figure 1. Average UE throughput for different alternatives for codebook structure

Figure 2. Cell-edge UE throughput for different alternatives for codebook structure
As it can be observed from the above evaluation results, PMI codebooks with DFT-based DD compression (Alt. 2A, Alt. 2B) has significantly lower overhead comparing to Alt. 3. Alt. 2A outperforms Alt 2B for most of codebook configurations. 
Observation 1:  
· PMI codebooks with DFT-based DD compression (Alt. 2A, Alt. 2B) has significantly lower overhead comparing to Alt. 3
· Alt. 2A outperforms Alt 2B for most of codebook configurations
In our view, considering the evaluation results presented above, Alt. 2A should be supported for codebook structure.
Proposal 3: 
· Support codebook structure corresponding to Alt. 2A for Rel-18 Type-II codebook refinement for high/medium velocities
Since coefficient distributions for the new codebook with DFT-based DD compression is different comparing to Rel-16 and Rel-17 codebooks, enhancements for coefficient quantization can potentially be considered to improve the performance. In particular, we observe that the number of bits for coefficient quantization for differential amplitude reporting can be increased from 3 bits (Rel-16/17) to 4 bits with the same quantization step. 
Proposal 4: 
· Consider increased number of bits for differential amplitude quantization with DD-compression (4 bits)
At least for Rank 2 and higher ranks (Rank 3,4), if supported, RAN1 should define the design for selection of DD vectors across layers. In our view, similar to FD vectors selection, selection of DD vectors should be layer specific. Also, layer-specific selection should be supported for bitmap for coefficient downselection reporting similar to Rel-16/17 codebooks.
Proposal 5: 
· Support layer-specific DD-basis selection and layer-specific bitmap for coefficient downselection
The following agreements were made at the last RAN1 meeting w.r.t. CSI reporting window and CSI prediction timing. 
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities assuming the UE-side prediction, on the definition of UE-side prediction, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 
· Alt3. UE “predicting” channel/CSI after the slot where CSI-RS resides 

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


Since the predicted precoding matrixes are applied at the gNB for the future PDSCH transmissions there is no need to report PMI for slots prior to the CSI report. Thus, we propose Alt2 for CSI prediction and Alt 2.B for CSI reporting window boundary.
Proposal 6: 
· Support CSI report as boundary for CSI report window (so the channel is predicted from the CSI report and onwards)
In some cases, PMI report with DD compression may require lower periodicity of PMI update comparing to the legacy PMI codebooks since legacy PMI codebooks are sensitive to channel variation due to UE speed (Doppler). However, CQI and RI depend not only on the channel but also on the interference observed at the UE receiver. Thus, considering dynamic interference for non-full buffer traffic it may happen that CQI and RI require more frequent reporting comparing to PMI with DD compression. Thus, we propose to study separate reporting of PMI and CQI/RI with different periodicities.
Proposal 7: 
· Study separate reporting of PMI and CQI/RI with different periodicities
CSI enhancements for CJT 
At the last RAN1 meeting the following agreement was made on TRP selection/determination schemes.
	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.
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs per hypothesis are gNB-configured via higher-layer (RRC) signalling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
· FFS: Whether the same N value or possibly different N values
· Alt4. The UE reports CSI corresponding to K transmission hypotheses where N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
· N is the number of cooperating TRPs per hypothesis, 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: Whether the same N value or possibly different N values
FFS: Whether S-TRP transmission hypothesis is also reported 


Alt. 2 can be considered as a tool for overhead reduction considered for configurations with larger number of TRPs. If UE indicates lower number of TRPs the overhead for SD/FD vector selection as well as selection of coefficients is reduced, so the total PMI reporting overhead is reduced comparing to the PMI reporting with higher number of TRPs assuming the same number of non-zero coefficients for both cases. Thus, we have slight preference to support Alt. 2.
Proposal 8: 
· Support PMI reporting for a subset of TRPs selected by the UE from the set of TRPs configured by the network (Alt. 2)
Type II PMI codebook for CJT requires configuration of number of SD vectors selected per TRP (L), and number of FD vectors selected per TRP (M). In our view configuration of different L/M values per TRP may be beneficial for performance/overhead tradeoff since lower number of SD/FD vectors can be configured for TRP with lower RSRP. This issue can be considered at the end of the work item then final parameter combinations are defined for Type II PMI codebook for CJT.
Proposal 9: 
· Different values for L and M per TRPs can be considered for parameter combination selection
At the last RAN1 meeting the following agreement was made on SCI design and amplitude quantization groups. 
	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 our view reference amplitude shall be indicated per TRP per polarization (Alt3) with one common SCI across all TRPs. 
Proposal 10:
· Support Alt3 for W2 quantization group and Strongest Coefficient Indicator (SCI) design with one SCI across all TRPs
The following agreement was made at the last RAN1 meeting regarding SD and FD vector selection. 
	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
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


In order to finalize FD vector selection design decision is needed whether to support layer-specific or layer-common selection. In our view layer-specific FD vector selection should be assumed. For SD vector selection, we support reusing Rel-16 design with layer-common selection while selection of SD vectors across TRPs should be TRP-specific. Bitmap for coefficient downselection should be layer-specific with common K0 across all TRPs (i.e. coefficients can be distributed by the UE over different TRPs without restrictions). 
Proposal 11: 
· Support layer-specific FD vector selection
· Support layer-common TRP-specific SD vector
· Support layer-specific bitmap for coefficient downselection
· The number of coefficients across all TRPs is limited by K0 parameter without limitation of number of coefficients per TRP
Since Type II PMI codebook for CJT contains precoder for multiple TRPs, it may be beneficial to report CQIs for single-TRP transmission assuming part of precoding matrix reported by the UE for CJT corresponding to the TRP. I.e. in that case PMI reported for CJT can be applied for single-TRP transmission.
Proposal 12:  
· Reporting of single-TRP CQI can be considered together with PMI for CJT
Conclusion
In this contribution aspects related to the CSI enhancements for high/medium UE velocities and CSI enhancements for CJT were discussed. The following proposals and observations were made.
Proposal 1: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
· If Rel-17 Type II PMI codebook is considered, Doppler-Domain FDD partial reciprocity is not assumed
Proposal 2: 
· Consider support of Rank 3 and Rank 4 codebooks after design of Rank 1 and Rank 2 codebooks is finalized
Observation 1:  
· PMI codebooks with DFT-based DD compression (Alt. 2A, Alt. 2B) has significantly lower overhead comparing to Alt. 3
· Alt. 2A outperforms Alt 2B for most of codebook configurations
Proposal 3: 
· Support codebook structure corresponding to Alt. 2A for Rel-18 Type-II codebook refinement for high/medium velocities
Proposal 4: 
· Consider increased number of bits for differential amplitude quantization with DD-compression (4 bits)
Proposal 5: 
· Support layer-specific DD-basis selection and layer-specific bitmap for coefficient downselection
Proposal 6: 
· Support CSI report as boundary for CSI report window (so the channel is predicted from the CSI report and onwards)
Proposal 7: 
· Study separate reporting of PMI and CQI/RI with different periodicities
Proposal 8: 
· Support PMI reporting for a subset of TRPs selected by the UE from the set of TRPs configured by the network (Alt. 2)
Proposal 9: 
· Different values for L and M across TRPs can be considered for parameter combination selection
Proposal 10:
· Support Alt3 for W2 quantization group and Strongest Coefficient Indicator (SCI) design with one SCI across all TRPs
Proposal 11: 
· Support layer-specific FD vector selection
· Support layer-common TRP-specific SD vector
· Support layer-specific bitmap for coefficient downselection
· The number of coefficients across all TRPs is limited by K0 parameter without limitation of number of coefficients per TRP
Proposal 12:  
· Reporting of single-TRP CQI can be considered together with PMI for CJT
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Appendix
Table 1. Evaluation assumptions for CSI enhancements for high/medium UE velocities
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal grid with 2 tiers (19 sites)

	ISD
	500 m

	Carrier frequency
	2 GHz 


	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	41 dBm

	UE distribution
	Uniform, 100% Outdoor with 60 kmph speed

	UE antenna configuration
	2 Rx X-pol slant 0/90 degrees

	BS antenna configuration
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8) λ

	Traffic model
	FTP 1 with 0.5 Mbytes packet size, high traffic load (~65% resource utilization)

	TRP association
	RSRP based,
Handover margin = 0 dB

	Transmission mode
	MU-MIMO with rank adaptation

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE, 8 BS layers max

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	4 HARQ transmissions max

	CSI
	20 ms periodicity 1 ms delay, 
Ideal channel prediction at the UE,
CSI reporting window 20 ms, 
Time-domain granularity for PMI: 1 slot.



Average UE throughput

Alt. 2A	494.75	814.75	1134.75	1415.25	1.5990242141363131	2.0959783935305065	2.5847635746947484	5.6961421989203176	Alt. 2B	649.75	969.75	1289.75	1690.25	0.58653626912246182	2.9129490839980399	2.938079356674006	5.7779601442214501	Alt. 3	887.75	1447.75	2007.75	2528.25	0	2.6381237687599368	3.458109435055734	5.8050067149626683	Overhead (bits per 5 ms)


UE throughput gain




Cell-edge UE throughput

Alt. 2A	494.75	814.75	1134.75	1415.25	3.9066833111840671	4.6365683006858616	5.719398708811374	8.7371084824145804	Alt. 2B	649.75	969.75	1289.75	1690.25	0.32440320901256925	4.6293189603568541	8.3332361524224297	9.5017492099392253	Alt. 3	887.75	1447.75	2007.75	2528.25	0	5.5260464688800859	8.7262213147604406	10.307333807612418	Overhead (bits per 5 ms)


UE throughput Gainn
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