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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives for CSI enhancements, as shown below.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, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32

In this contribution, we discuss CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO.  
2. CSI enhancement for high/medium UE velocities
For CSI enhancement for high/medium UE velocities, as shown in section 1, two sub-objectives are identified in the WID; one is Rel-16/17 Type-II codebook enhancement, and the other is UE reporting of time-domain channel properties. From our point of view, however, they may not be orthogonal topics since both seem to be related to CSI reporting details (i.e., what to report? How to report? Etc). More specifically, since the issue itself is only UE’s velocity, the promising solution could be quite similar regardless of e.g., targeted codebook type. In this sense, a solution discussed/deemed beneficial for either of the objectives can also be applicable for the other objective. For better efficiency on RAN1 discussion for this issue, we would suggest clarifying the exact objectives more, rather than just discuss the two objectives as they are in parallel. 

In our view, the issue of UE velocity is more like a generic one, i.e., not depending on CSI codebook type. We would like to point out that Type I CSI codebook is deployed more broadly in practical NW. If we focus only on Rel-16/17 Type II codebook, UE can enjoy the benefit given by Rel-18 solution for high/middle velocities only when Type II CSI codebook is configured, which may significantly reduce its practical benefit in our view. Also, the information on UE’s velocity can also be helpful for NW to determine proper configurations other than CSI codebook as well (e.g., RS periodicity for CSI acquisition). Meanwhile, we understand that the impact on CSI caused by UE velocity could be more significant for Type II CSI codebook. 

Given the consideration above, we suggest considering both sub-objectives on CSI for high/medium velocity UE, while the target/potential solutions should be clarified more, so that Rel-18 can achieve broader advantage for the issue of high/medium velocities with reasonable specification effort. 

Observation 2-1
· The two objectives in the WID seem to be non-orthogonal.

Proposal 2-1
· Study both the first objective (i.e., Rel-16/17 Type-II CSI enhancement) and the second objective (i.e., CSI reporting enhancement) for CSI for high/medium velocity UE in Rel-18.
· Clarify the target/potential solutions for both sub-objectives.

To make the target/potential solutions clearer for this objective, it could be good to identify the target range of UE velocities at first. For example, RAN1 worked on HST in Rel-17 MIMO. Whether to consider such velocity or not should be clarified further. The exact range intended by “high/middle velocity”, as captured in the WID, should also be clarified. In our understanding, this objective is to deal with the impact caused by UE velocity “on CSI”, which implies one of the key aspects could be channel coherent time, which is inverse proportion to the amount of doppler shift (i.e., TC =1/fD, where TC is channel coherent time, fD is doppler shift). Below is our rough calculation of the relation between TC and velocity, assuming 4.5 GHz frequency:

Fig. 2-1. Relation between UE velocity and channel coherent time

Here we would like to point out that even around 30 km/h, channel coherent time could be shorter than 10 ms. When we see around 50 km/h, it will be further shortened, (i.e., 5 ms). With this, we think even around 30 km/h velocity need to be considered in this WI. It is also aligned with mobility parameters considered in [2]. 

For the first sub-objective, it is a bit unclear to us what the exact intention of “without modification to the spatial and frequency domain basis”. In our view, if anything affecting on SD/FD basis is not allowed, what Rel-18 can do for Rel-16/17 Type-II CSI codebook may be much limited, which can just be covered by the second sub-objective as well. We believe it would be better to achieve common understanding in RAN1 on how much specification impact can be considered on Type-II CSI codebook. 

For the second sub-objective, similar to above, we do not have very clear understanding on the exact intention of “measured via CSI-RS for tracking”. We think it may or may not just imply the use of legacy TRS. Thus, whether to consider enhancements on CSI-RS resource should also be clarified well. At this very beginning of stage, we believe the use of other than legacy TRS should be included since it may not be clear if the legacy TRS can satisfy the condition(s) for what is deemed essential for the second sub-objective of CSI reporting. For example, the number of ports available for TRS may not be sufficient for this purpose as TRS can configure only one port. Note that even if only TRS can be used, RAN1 needs to specify quite some enhancements e.g., reporting configuration for TRS since no reporting is specified for TRS so far. 

Proposal 2-2
· For the range of velocity, at least around 30 km/h should be considered as well as higher velocity.
· For the first sub-objective, clarify the intention of “without modification to the spatial and frequency domain basis” in the WID more.
· For the second sub-objective, clarify the intention of “measured via CSI-RS for tracking” in the WID more.

3. CSI enhancement for coherent JT (CJT)
3.1 Deployment scenario of CJT
In Rel-18 MIMO WID for CJT, ideal backhaul and synchronization as well as the same number of antenna ports across up to 4 TRPs are assumed. For multiple TRPs for CJT, generally there are two deployment scenarios for discussion: intra-site M-TRP and inter-site M-TRP, as shown in Fig. 3-1.
For intra-site M-TRP CJT, the multiple TRPs are co-located and have the same transmission power. One example is to consider simultaneous transmission from multiple panels from the same gNB. For inter-site M-TRP CJT, the multiple TRPs are non-co-located. In that case, a UE can be scheduled with CJT transmission only when the measured RSRP from multiple TRPs are within a certain threshold. And the synchronization among multiple TRPs can be ensured with fiber backhaul.
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                                (a) Intra-site M-TRP CJT                             (b) Inter-site M-TRP CJT
Fig. 3-1: Two deployment scenarios for M-TRP CJT

In Rel-18, we should study both intra-site M-TRP and inter-site M-TRP scenarios and identify the high priority scenario for NW deployment. Since it is easier to deploy intra-site M-TRP CJT in real NW, it can have higher priority for discussion in Rel-18.

Proposal 3-1
· Study both intra-site M-TRP and inter-site M-TRP scenarios for CJT.
· Intra-site M-TRP CJT has higher priority than inter-site M-TRP CJT.

3.2 CSI enhancement for intra-site CJT
For intra-site M-TRP CJT, the multiple TRPs are co-located, and multiple panels from the same gNB can be considered. In NR Type I multi-panel codebook, an additional parameter of Ng is used to represent the panel, and inter-panel co-phasing for multiple panels are additionally reported on top of NR Type I single-panel codebook. Similarly for intra-site M-TRP CJT, the large scale channel properties from multiple TRPs to a UE are the same, so that at least the same SD beam selection/reporting for multiple TRPs could be assumed, and the same FD beam selection/reporting for multiple TRPs may be also assumed, which means that the Rel-16/17 Type-II codebook for multiple TRPs could be the same. Regarding the small scale channel properties, the inter-TRP co-phasing information can be used to represent the channel correlations between two TRPs, like NR Type I multi-panel codebook. Hence, for intra-site M-TRP CJT, we can further study whether/how to extend Rel-16/17 Type II codebook to multi-panel.

Proposal 3-2
· For intra-site M-TRP CJT, study whether/how to extend Rel-16/17 Type II codebook to multi-panel.

3.3 CSI enhancement for inter-site CJT
For inter-site M-TRP CJT, the multiple TRPs are non-co-located. For a UE at cell edge of the up to 4 TRPs, the pathloss as well as received power from 4 TRPs could be different. Hence, multi-panel codebook structure is not suitable anymore. Generally, there are two design direction.
· Alt.1: Aggregated/joint CSI from multiple TRPs.
· Alt.2: Per-TRP CSI (e.g., up to X per-TRP CSIs) with inter-TRP CSI
In Alt.1, UE needs to measure the CSI-RS resource(s) transmitted from multiple TRPs jointly just like it assumes the CSI-RS resource(s) are transmitted from a single point. And UE feedback an aggregated/joint CSI based on the joint channel. However, existing NR DL CSI codebooks are constant modular. Considering the different pathloss and received power from different CSI-RS ports/resources from different TRPs, existing NR DL CSI codebooks are not appropriate for this case and entirely new NR DL CSI codebook design is needed, which requires large specification effort.
In Alt.2, UE could measure the CSI-RS resources transmitted from each TRP separately and also measure the inter-TRP amplitude/phase information for reporting. Then gNB could obtain M-TRP CJT CSI by combining the per-TRP CSI reporting and inter-TRP CSI reporting. Rel-17 M-TRP NCJT CSI framework supports the configuration of multiple CSI-RS resources from multiple TRPs, and the configuration of different reporting modes, as shown in Fig. 3-2 (a). Hence, to configure and report multiple per-TRP CSIs, Rel-17 NCJT CSI configuration framework could be the starting point. Fig. 3-2 (b) shows an example of reusing Rel-17 NCJT CSI configuration framework for Rel-18 inter-site M-TRP CJT. But for Alt.2, there are still many issues to be discussed. For example, when CSI-RS resources from 4 TRPs are configured in a CSI-ReportConfig, whether/how to determine the CJT scheme (e.g., 2-TRP, 3-TRP, or 4-TRP CJT) and the selected points? Whether to report single-TRP CSI in this CSI-ReportConfig for CJT CSI to consider the compatibility with single-TRP transmission? Whether there should be configuration/reporting restriction for multiple per-TRP CSIs in a CSI-ReportConfig, such as the same ZP CSI-IM configuration, the same RI reporting, etc., for multiple TRPs? Those issues could be discussed and clarified first before detailed CSI design for inter-site M-TRP CJT.
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                             (a) Rel-17 M-TRP NCJT                                      (b) Rel-18 inter-site M-TRP CJT
Fig. 3-2 An example of reusing Rel-17 NCJT CSI configuration framework

Proposal 3-3
· For inter-site M-TRP CJT, study per-TRP CSI (e.g., up to X=4 per-TRP CSIs) with inter-TRP CSI. 
· For inter-site M-TRP CJT, Rel-17 NCJT CSI configuration framework could be starting point for configuration/reporting of multiple per-TRP CSIs.

4.  Conclusion
In this contribution, we discussed CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO. Based on the discussion, we made following proposals.
Observation 2-1
· The two objectives in the WID seem to be non-orthogonal.

Proposal 2-1
· Study both the first objective (i.e., Rel-16/17 Type-II CSI enhancement) and the second objective (i.e., CSI reporting enhancement) for CSI for high/medium velocity UE in Rel-18.
· Clarify the target/potential solutions for both sub-objectives.

Proposal 2-2
· For the range of velocity, at least around 30 km/h should be considered as well as higher velocity.
· For the first sub-objective, clarify the intention of “without modification to the spatial and frequency domain basis” in the WID more.
· For the second sub-objective, clarify the intention of “measured via CSI-RS for tracking” in the WID more.

Proposal 3-1
· Study both intra-site M-TRP and inter-site M-TRP scenarios for CJT.
· Intra-site M-TRP CJT has higher priority than inter-site M-TRP CJT.

Proposal 3-2
· For intra-site M-TRP CJT, study whether/how to extend Rel-16/17 Type II codebook to multi-panel.

Proposal 3-3
· For inter-site M-TRP CJT, study per-TRP CSI (e.g., up to X=4 per-TRP CSIs) with inter-TRP CSI. 
· For inter-site M-TRP CJT, Rel-17 NCJT CSI configuration framework could be starting point for configuration/reporting of multiple per-TRP CSIs.
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