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Introduction
In this paper, we discuss CSI enhancements for Rel-18 NR MIMO WI [4].
	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
2. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
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In the following we assume codebook design for implicit CSI as the focus. Currently RI/PMI/CQI is a triplet that is fed back to the gNB – in view of CSI enhancement, we can also consider de-coupling them, where PMI that consumes the bulk of feedback overhead is reported at a slower rate than RI/CQI.
Proposal 1: Consider codebook design for PMI as the focus of CSI enhancement. Further study decoupling of RI/PMI/CQI such that PMI is reported less frequently than RI/CQI

CSI Prediction

A key motivation for this sub-agenda item is to target CSI prediction for high mobility UEs. Broadly there could be two different approaches (not mutually exclusive). 

· Precoder prediction at the UE: One approach is to have the UE measure CSI-RS instances within a window at time t1, determine predicted doppler-domain compressed CSI associated with a reference resource at time t3 and report it at time t2. The prediction algorithm is left to UE implementation. The UE has access to unquantized and instantaneous channel information that may be better suitable for prediction. At the same time, UE complexity should be considered and also perhaps new RAN4 work is needed to establish predicted CSI tests to guarantee performance requirements.

· Precoder prediction at the gNB: The other, perhaps simpler approach is to consider a UE measuring on a window of CSI-RS instances at time t1, determining doppler-domain compressed CSI associated with a reference resource at time t2 and reporting it at time t3. In addition to this, some assistance information may be provided from the UE to the gNB for example Doppler related information, or prediction coefficients. It is up to gNB implementation to perform prediction of CSI based on the received compressed information from the UE and assistance information.
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Figure 1: Precoder prediction at the gNB
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Figure 2: Precoder prediction at the UE




Proposal 2: Further study prediction approaches based on UE side prediction and NW side prediction. NW side prediction may be enhanced by some assistance information from the UE e.g. prediction coefficients

CSI-RS Instances
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Figure 3: ΔT: time gap between adjacent measurements (sampling period) and T is the measurement time window

In order to satisfy Nyquist criterion, we have Δt ≤ 1/(2∙fmax) where fmax is the maximum Doppler frequency intended to be handled. If the CSI-RS spacing in time is larger but Δt ≤ 1/(fmax) then we expect some “aliasing” effect of spurious Doppler components and if it is even larger then the effect of mobility is not fully captured. 
In terms of measurement time T we expect that the frequency (Doppler) resolution is increasing with T and prediction error will depend on the measurement time
Proposal 3: Consider CSI-RS periodicity and measurement window consistent with Nyquist criterion determined by UE speed

New codebook structure

A new codebook structure can be constructed by preserving the Rel-16 codebook structure in the spatial and frequency dimensions (SD and FD) while extending it in time dimension (TD) using a mutually orthogonal DFT basis. This is pictorially shown below where N1, N2, N3 and N4 are the number of azimuth, elevation, frequency and time units (dimensions)
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Mathematically, a Rel-16 codebook can be shown as:

where,
·  is a precoder vector and p, r, k represents the polarization, layer and FD compression unit indices 
· L, M are mutually orthogonal number of SD and FD DFT vectors selected with indices reported by the UE
· N3 is the total number of FD-compression units 
· ,   and  are the indices of the SD DFT vectors
·  are the indices of the FD DFT vectors
·  is the coefficient down-selection bit represented by the UE
·  is the reference polarization amplitude reported by the UE
·  are the amplitude and phase coefficient reported by the UE

Following the same notation and extending it to time-domain compression, an example of a codebook structure can be given by 

·  is a precoder vector where t represents the TD compression unit index  
· N4 is the total number of time-compression units
· T is the number of TD DFT vectors selected with indices reported by the UE
·  are the indices of the TD DFT vectors
·  is the coefficient down-selection bit represented by the UE
·  are the amplitude and phase coefficients reported by the UE

Proposal 4: Consider a new codebook structure constructed by preserving the Rel-16 codebook structure in the spatial and frequency dimensions (SD and FD) while extending it in time dimension (TD) using a mutually orthogonal DFT basis
Evaluation methodology and baseline

We also observe that statistical channel models in 38.901 by default does not model the effect of spatial consistency due to the time-varying nature of UE motion and all large/small scale parameters are fixed. In such cases the evaluation of benefits of  Doppler-domain compression that can be achieved in reality is not captured properly.

Proposal 5: RAN1 to decide whether spatial consistency modeling for UE mobility is required for performance evaluation

In terms of baseline performance, we think Rel-16 can be used as a starting point:

	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback):  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling):  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 20/50/70 % for CSI overhead reduction
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 

	Baseline for performance evaluation
	Rel-16 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. 



Proposal 6: Consider Rel-16 EVM as a starting point for EVM discussions and Rel-16 Type II Codebook for baseline performance

CSI for Coherent JT Operation
For Coherent JT operation, clusters of up to 4 TRPs can be supported and the antenna ports from all TRPs within the clusters can be aggregated. CJT enhancements are well suited for small ISD scenarios like Indoor Hotspot where TRP aggregation is easier from the point of view of centralized scheduling and gains from high order MU-MIMO scheduling can be obtained. 
CSI Feedback
In addition to CQI and PMI, for CJT CSI feedback, UEs also need to report a frequency selective inter-TRP co-phasing information. Such investigations have been performed in LTE and results can be found here [2]. Assuming we have a cluster of TRPs, the UE will report co-phasing information  for each of the TRPs within the cluster with  where the first TRP  is assumed to be a reference TRP. The phase information is quantized, and the number of bits is configurable. The UE rank is assumed to be aligned across TRPs. For rank 1 transmission, aggregated effective precoder for the i-th user can be represented as 


where  and  are the precoding vectors and SINRs respectively for user i and TRP j. The vector will have  entries corresponding to 4 TRPs within the cluster and N antenna ports per TRP. 
Based on this CSI reporting framework for CJT, there are two options that can be further investigated. If the approach shown above is followed, per TRP frequency selective co-phasing should be reported with rank alignment across TRPs. Alternately, a joint CSI framework where the PMI search is performed on aggregated channels from all TRPs within the cluster can also be considered.
Proposal 7: For CSI feedback enhancement for CJT, the following options should be considered
· Per-TRP feedback with frequency selective co-phasing and rank alignment
· Joint CSI feedback based on the composite channel from multiple TRPs

Evaluation Assumptions
For CJT EVM, we think Indoor scenarios e.g., Indoor Hotspot should be evaluated with TRP clustering and port aggregation for MU-MIMO scheduling. Other scenarios like Dense Urban Micro should also be considered but should be limited to smaller ISD scenarios e.g., 200m. 
[image: ]
Figure 4: Indoor Hotspot Scenario for CJT CSI evaluation
Proposal 8: Indoor hotspot scenario should be considered for CJT CSI system level evaluations

For SLS evaluations, we further think that non-overlapping clusters of TRPs and UEs should be considered with MU-MIMO supported for TRPs within a cluster. Furthermore, impairments should be modelled for more realistic evaluations which include propagation delay different between TRPs and non-ideal Tx timing and frequency synchronization, especially if urban deployments with larger ISD are considered. Additionally, after MU-MIMO precoding, per-TRP Tx power constraint should be ensured such that TRPs do not violate maximum transmit power.  
Proposal 9: Consider impairment modeling for CJT system level evaluations including
· Propagation delay difference from TRPs
· Non-ideal Tx timing and frequency synchronization among TRPs 
· Per-TRP Tx power constraint after MU-MIMO precoding

Conclusion
In this paper, CSI feedback enhancements for Rel-18 NR MIMO was discussed and the following proposals were made:
Proposal 1: Consider codebook design for PMI as the focus of CSI enhancement. Further study decoupling of RI/PMI/CQI such that PMI is reported less frequently than RI/CQI
Proposal 2: Further study prediction approaches based on UE side prediction and NW side prediction
Proposal 3: Consider CSI-RS periodicity and measurement window consistent with Nyquist criterion determined by UE speed
Proposal 4: Consider a new codebook structure constructed by preserving the Rel-16 codebook structure in the spatial and frequency dimensions (SD and FD) while extending it in time dimension (TD) using a mutually orthogonal DFT basis
Proposal 5: RAN1 to decide whether spatial consistency modeling for UE mobility is required for performance evaluation
Proposal 6: Consider Rel-16 EVM as a starting point for EVM discussions and Rel-16 Type II Codebook for baseline performance
Proposal 7: For CSI feedback enhancement for CJT, the following options should be considered
· Per-TRP feedback with frequency selective co-phasing and rank alignment
· Joint CSI feedback based on the composite channel from multiple TRPs
Proposal 8: Indoor hotspot scenario should be considered for CJT CSI system level evaluations
Proposal 9: Consider impairment modeling for CJT system level evaluations including
· Propagation delay difference from TRPs
· Non-ideal Tx timing and frequency synchronization among TRPs 
· Per-TRP Tx power constraint after MU-MIMO precoding
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