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1 Introduction

According to NR MIMO WID RP-213598, the following is the scope of work in this agenda.
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, considering throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e., 32
· 

In this contribution, we provide our views regarding the CSI enhancements for Coherent JT and high/medium UE velocities.

2 CSI Enhancements for CJT

2.1 CSI-RS Resource Configuration

Regarding configuration of CSI-RS resources for CJT, the following agreement has been made in RAN1#109-e 
	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




Two frameworks are being considered for CJT-CSI configuration, one based on the multi-panel configuration with a single CSI resource configured with multiple port groups mapping to different TRPs and the other is the NCJT framework which configures multiple CSI resources with equal number of ports and maps each resource for each TRP.  Considering the ease of adapting the current Rel17 procedure, we support Alt2 where multiple CSI resources are configured mapping to different TRPs and used for CJT-CSI measurement.

Proposal 1: Adapt Rel17 NCJT procedure for configuration CJT-CSI  using a multiple CSI-RS resources having equal number of ports , with different CSI resources mapping to different TCI states corresponding to TRPs

2.2 CSI-RS Resource Configuration
Regarding configuration/reporting of the cooperating TRPs for CJT, the following agreements have been made in RAN1#109-e 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}
Agreement
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):




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



Proposal 2: Consider signaling of N_TRP via higher layer by gNB and N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP} is the number of cooperating TRPs assumed in PMI reporting

Proposal 3: Consider reporting of selected TRPs in the CSI feedback part 1 using  as the signaling 

3 CSI Enhancements for high/medium UE velocities
Type II CSI feedback provides high precision channel state information (CSI) needed for efficient MU-MIMO operation [1]. The high precision of the CSI however comes at the cost of high feedback overhead, of the order of two and five hundred bits for one and two layers transmission respectively. In Rel.15 NR-MIMO, the Type II CSI feedback was designed mainly to improve, MU-MIMO performance. To reduce the feedback payload of the codebook, a linear combination codebook with an orthogonal DFT beam basis was introduced to reduce the spatial domain redundancy [2].   For the Rel.15 Type II CSI, the combining coefficients are reported separately for each subband, despite the fact that the channels of neighbor subbands often have a significant mutual correlation. This reporting of a relatively large number of combining coefficients on a per-subband basis leads to the relatively large reporting overhead for the Rel.15 Type II CSI. Therefore, techniques proposed for reducing Type II overhead have focused on reduction in sub-band feedback. An important feature of the Rel.16 enhanced Type II CSI is therefore the possibility to utilize correlations in the frequency domain to reduce the reporting overhead [3].  Even up to Rel-17, CSI enhancements were specified for SU-MIMO and MU-MIMO, and frequency domain compression has been specified. However, the current CSI feedback is not sufficient for supporting MIMO for UEs with medium/high mobility.
 
 In Rel-18 MIMO ([4] and [5]), two different approaches were suggested for CSI enhancement in the high mobility scenario of UE. The first one was the enhancement of the existing Type -II codebook of Rel-16/ Rel-17 using time correlation or Doppler information. The other one was UE reporting time domain channel information calculated using TRS to gNB.

When the UEs are moving with medium/high-speed velocities, there exists a performance loss due to channel aging reporting. To mitigate this problem, the following agreement was made in the earlier 3GPP meeting #109. 

	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.




Modifications in the existing Type-II codebooks by introducing a new sort of basis in the time or doppler domain was suggested as an option. One of the ways suggested to alter the current Type-II codebook is by incorporating a new set of basis vectors generated by taking the Kronecker product of frequency domain basis vectors with the doppler/time domain basis.

The other alternative related to codebook refinement is to configure the UE to report multiple PMI indices at different time slots,  with the assumption that the spatial and frequency domain basis vectors remain the same during those time slots. This assumption holds because these vectors depend on the angle and delay of a propagation path. Generally, the angle and delay of a path vary slowly compared to the beam combining coefficients W2. 
Typically, channel values exhibit correlation across time, and this feature can be used to reduce the CSI feedback overhead. Two CSI reporting periodicities can be defined, where full CSI (W1, Wf and W2) is feedback at longer periodicity and partial feedback (quantized W2) is transmitted at short periodicity. The gNB performs reconstruction of the required precoder matrix using the partial feedback available at short periodicities. This helps to improve CSI for higher speeds without increasing overhead.
Simulations were conducted on the transmission of partial CSI for different Doppler frequency values and different CSI reporting periodicities. The simulation parameters are provided in the appendix. Two CSI reporting periodicities are considered: long periodicity to transmit CSI as in Rel. 16/17 Type II code book and short periodicity to transmit the partial CSI. This implies that partial CSI is feedback more often compared to full CSI, leading to a reduction in overhead. The gNB reconstructs the precoder using the partial CSI available at short periodicity values, which implies frequent CSI update. The nMSE between the actual precoder matrix (available at the UE) and the reconstructed precoder matrix (at the gNB) is studied for different feedback overheads. Table I presents the comparison between the feedback overhead and nMSE for different Doppler frequencies and CSI reporting periodicities
Feedback overhead presents the ratio between the overhead incurred with partial CSI and overhead incurred with full CSI.

Table I: Overhead ratio vs. nMSE
	Doppler frequency       (Hz)
	CSI reporting periodicity (msec)
	Average overhead ratio
	nMSE

	
	Full CSI
	Partial CSI
	
	

	20
	10
	5
	0.3060
	4.5049 x10-4

	20
	6
	3
	0.2255
	4.2362 x10-4

	60
	10
	5
	0.4076
	4.3325 x10-4

	60
	6
	3
	0.3731
	4.4998 x10-4



From the above table, it can be seen that with partial CSI feedback, overhead is considerably reduced, while the nMSE are quite low order of 10-4). 
Thus, in the medium/high-speed scenario of UE, Alt3 will be helpful for the reduction of CSI feedback overhead in the network due to its low implementation complexity and lower latency.
Proposal 4: Support Alt3 for the Type-II codebook refinement techniques.

The following agreement was made in RAN1#109-e with respect to the selection of basis vectors.
	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)

The basis vectors for the time/Doppler domain can be selected from a different set of basis like DFT, DCT, Slepian, etc. We support the DFT basis since these DFT vectors are already used in the existing LTE/NR technology. For instance, in Rel-15/Rel-16, the DFT vectors are used as spatial/frequency domain basis for Type-II codebooks.




Proposal 5: Support DFT basis vectors (Alt1 and Alt2) for the Doppler/time-domain basis design.

The following agreement was made in RAN1#109-e regarding the time domain channel properties reporting.
	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




TRS is a special type of CSI-RS signal intended for tracking carrier frequency offset (CFO) and timing offset (TO). Due to the unique design of TRS in time-frequency, it will be helpful to measure the high-resolution doppler shift and delay information. Generally, the doppler information depends on the UE velocity, azimuth, and elevation angles. In this approach, we support the UE reporting of doppler-related information (doppler shift/ doppler frequency) or time domain correlation to gNB. The time domain correlation or doppler domain information is helpful to predict the channel or precoder at the gNB side. Moreover, in FDD, UE’s reporting of doppler spread measurement allows a gNB to adapt the periodicity of CSI-RS transmission and CSI reporting based on the channel coherence time. 

Proposal 6: Support UE feedback of Doppler shift/spread (Alt1 and Alt2) and cross-correlation (Alt3) information to the gNB.

4. Conclusion

Proposal 1: Adapt Rel17 NCJT procedure for configuration CJT-CSI  using a multiple CSI-RS resources having equal number of ports , with different CSI resources mapping to different TCI states corresponding to TRPs

Proposal 2: Consider signaling of N_TRP via higher layer by gNB and N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP} is the number of cooperating TRPs assumed in PMI reporting

Proposal 3: Consider reporting of selected TRPs in the CSI feedback part 1 using  as the signaling 

Proposal 4: Support Alt3 for the Type-II codebook refinement techniques.

Proposal 5: Support DFT basis vectors (Alt1 and Alt2) for the Doppler/time-domain basis design.

Proposal 6: Support UE feedback of Doppler shift/spread (Alt1 and Alt2) and cross-correlation (Alt3) information to the gNB.
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5 Appendix 
Simulation Assumptions

CSI Enhancements for High/medium UE velocities
	Parameter
	Value

	Carrier frequency
	6 GHz

	Duplex
	FDD

	System bandwidth & PRBs
	10 MHz & 52 PRBs 

	Subcarrier spacing 
	15 KHz

	# BSs &UEs 
	3 & 10

	Slot length
	14 OFDM symbols

	Terrain  model
	Uma (Urban macro) with ISD = 200 m

	CSI-RS Periodicity
	5 ms/ 3 ms

	Antenna setup and port layouts at gNB 
	Companies report antenna setup and port layouts
 (Mg, Ng, M,N,P, Mp, Np)=[1 1 2 2 2 2 2], (dH,dV)=(0.5, 0.8) λ

	Antenna setup and port layouts at UE
	Companies report antenna setup and port layouts 
(Mg, Ng, M,N,P, Mp, Np)=[1 1 1 1 2 1 1], (dH,dV)=(0.5, 0.5) λ

	BS & MS  antenna gain in (dB)
	8 & 5

	Tx  power of BS and MS  (in  dBm)
	30 & 23

	# beams (L)
	 2

	# Subbands (N)
	13

	 # Compressed DFT basis (M)
	6
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