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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes to study enhancements to the CSI measurement and reporting. The WID scope includes the following objectives on CSI enhancements:

	· 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.

· 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.
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32



The WID has outlined two specific deployment scenarios for study: High Doppler, and Coherent Joint Transmission (C-JT). In the previous meeting [2], discussion continued on Objectives 1 and 4. In this contribution, we mainly provide our views on objective 1. 

2. [bookmark: _Hlk101909975]BACKGROUND
For Rel-18, the WID is focused on CSI enhancements to the Type-II codebook. NR Rel-17 supports two types of codebooks, i.e., Type-I and Type-II codebooks. Type-I codebook is mainly designed for single-user multiple-input-multiple-output (SU-MIMO), whereas the motivation behind Type-II codebook is multi-user (MU-MIMO) operation. The structure of both codebooks, i.e., Type-I and Type-II codebooks in matrix form is as . For both codebooks, the wideband channel state information (CSI) is contained in the space domain (SD) matrix , whereas the subband CSI is captured in . NR supports two variants of the Type-II codebook that are supported in Rel-17. The first variant enables the UE to report multiple spatial basis vectors and linear combination coefficients from a set of quantized codebooks to approximate the channel matrix and can support up to two-layer transmissions. The second variant, an enhanced version of the Type-II codebook named Enhanced Type-II (eType-II) codebook, was introduced in Rel-16. In eType-II codebook, the maximum number of supported layers is increased to four. To prevent excessive growth of the UCI payload size, a frequency domain (FD) compression of  information is introduced.
However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of subbands. The issue is exacerbated with the Rel-18 scenarios as the number of reports increases with High Doppler as well as the number of TRPs in a C-JT.

3. TIME-DOMAIN CHANNEL PROPERTIES
Rel-18 MIMO work aims at enhancing CSI for UEs moving with high/medium velocity. Particularly, Rel-18 aims at using time/Doppler domain (DD) information to assist downlink (DL) Type-II precoding. In Rel-18, the introduction of time/Doppler domain compression on top of frequency domain compression has evolved the existing Rel 16/17 Type-II codebook structure from   to , where  and  are space, frequency, and time/Doppler-domain basis selection matrices, respectively and  is a linear combining and co-phasing matrix. Rel-18 is also introducing a UE-based time-domain channel properties (TDCP) measurement and reporting for CSI configuration at gNB, e.g., codebook determination. 

	For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of wideband normalized amplitude value, support only (Alt3) N=2Q where Q=4, s=½
· Note: This does not preclude an “invalid” autocorrelation value report 

For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, 
·  slot
· Confirm the working assumption on the support for  
· Confirm the working assumption on the support for  (only for >=30kHz SCS)



In our understanding, the main motivation for TDCP report is to have a correct configuration of CSI process that corresponds to the time variation of the wireless channel, e.g., a TDCP report could assist a gNB with codebook determination and SRS periodicity. The TDCP is a quantized wideband normalized amplitude/phase of the time-domain correlation profile determined using Y number of delays. 
· A UE is obliged to report TDCP, even if the accuracy of its measurement is erroneous and not reasonable due to low SNR, impairments, or the channel variations are fast enough and the estimated TDCP using the  value is not an accurate or sufficient measure of the variations in the wireless channel. A UE may also report an invalid TDCP. When a gNB receives an erroneous valid or erroneous invalid TDCP report, the gNB will react to it without knowing whether the measurement is useful and reliable or not which can result in improper CSI configuration.
· A UE supporting optional feature, could be wasting computational resources, and reporting with a higher overhead by estimating the TDCP with  delays and a larger  value when in reality the channel variations are not significant and estimating the TDCP using  and a  value may be sufficient. 
From our perspective, TDCP could work efficiently if we define a UE behaviour for when the accuracy of TDCP measurement is not sufficiently high.
 
Observation 1: Without knowing the accuracy of the TDCP measurement,
· A gNB may improperly configure the CSI process in the event of an erroneous valid or erroneous invalid TDCP reception.
· A UE may waste computational resources by measuring TDCP using larger values of Y and D due to improper CSI configuration by gNB.
· A UE may waste time/frequency resources when reporting a TDCP measured using a larger value of Y due to improper CSI configuration by gNB.

Proposal 1: RAN1 to study UE behaviour when the accuracy of TDCP measurement is not sufficiently high. 

In our view, reliability aspect of the TDCP measurement is essential. Therefore, some additional indication related to the TDCP reliability can be considered. For instance, a UE can determine a confidence level (CL) of the TDCP and report it as part of a TDCP report.

Regarding , the delay needed for efficient estimation of TDCP, a larger value of  can better capture the time-variations of the wireless channel but at the expense of UE complexity. Therefore,  can be additionally supported along with  However,  may cause complexity issues without significant performance improvements. 

Observation 2: A larger delay value can result in better TDCP estimation at the expense of UE complexity.
Proposal 2: Confirm the working assumption on the support for  and revert the working assumption on the support for  (only for >=30kHz SCS).

4. CONCLUSION
In this contribution, we provided our views regarding CSI enhancements for high Doppler Rel-18 MIMO. Based on the presented discussion, we make the following observations and proposals.

Observation 1: Without knowing the accuracy of the TDCP measurement,
· A gNB may improperly configure the CSI process in the event of an erroneous valid or erroneous invalid TDCP reception.
· A UE may waste computational resources by measuring TDCP using larger values of Y and D due to improper CSI configuration by gNB.
· A UE may waste time/frequency resources when reporting a TDCP measured using a larger value of Y due to improper CSI configuration by gNB.

Observation 2: A larger delay value can result in better TDCP estimation at the expense of UE complexity.

Proposal 1: RAN1 to study UE behaviour when the accuracy of TDCP measurement is not sufficiently high. 

Proposal 2: Confirm the working assumption on the support for  and revert the working assumption on the support for  (only for >=30kHz SCS).
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