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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]This email discussion summary covers the following document.
[1] RWS-210123, Discussion on MIMO enhancements in Rel-18, NEC, Rakuten Mobile Inc.
The rest is structured as follows. Section 2 is used to collect 1st round questions/comments to the tdoc and Section 3 provides corresponding answers. Section 4 is used to collect 2nd round questions/comments and Section 5 provides corresponding answers. Section 6 is a summary of two round of discussions.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Questions/Comments to RWS-210123 on Rel-18 MIMO (1st Round)
In our contribution, we have the following proposals for MIMO enhancements in Rel-18. 
Proposal 1: In Rel-18, specify features to increase UL capacity by supporting up to 8 layers UL transmission and UL sub-band precoding in FR1. 
Proposal 2: In Rel-18, specify enhancements for simultaneous transmission across multiple UE panels, and identify and specify features to enhance beam management to support more efficient L1/L2 intra- and inter-cell mobility for moving UE. 
Proposal 3: In Rel-18, evaluate and, if needed, specify multi-panel codebook enhancements for support geographically distributed antenna panels in FR1, and specify features to facilitate more efficient MTRP operation in FR2 along with the design of Rel-18 enhancements for beam management. 
Proposal 4: In Rel-18, identify and specify features to facilitate more efficient CSI management and reporting for fast moving UE. 
Proposal 5: In Rel-18, study the use cases and performance gain of AI/ML-enabled MIMO.
Feedback Form 1: [1st round QA] MIMO enhancements in Rel-18 (RWS-210123)
	1 – Beijing Xiaomi Mobile Software
Q1: For proposal 2, currently, beam management to support L1/L2 intra- and inter-cell mobility is discussed in Rel-17, so what is the enhancement in Rel-18?

	2 – Samsung Research America
Proposal 1: For UL FS precoding, do you propose to use the Rel-15 CB or design a new two-stage (W1xW2) codebook for minimizing DL control signaling overhead?
Proposal 4: Do you also foresee any enhancement on CSI-RS and DM-RS for high speed UEs?

	3 – Intel Corporation (UK) Ltd
Proposal 1: There is no performance requirements for 4Tx UE in RAN4 even for 1 MIMO layer. Is it really urgent to specify 8 MIMO layers for UL taking into account current status in RAN4?

	4 – Qualcomm communications-France
Regarding Proposal 3 on “multi-panel codebook enhancements for support geographically distributed antenna panels in FR1”, is it assumed that different TRPs are phase coherent (is it for CJT scheme acrossmultiple TRPs)?

	5 – HuaWei Technologies Co.
Thanks for the contribution. One question for Section 2.3: why using predictive beams can help with robustness and reliability for mTRP operation, could you please elaborate more?

	6 – Beijing Lenovo Software Ltd.
Q1: Do you want to support coherent joint transmission for mTRP in proposal 3?
Q2: What is your intension on proposal 4, do you want to enhance the beam management for inter-cell mobility?

	7 – Nokia Corporation
Q1: We have seen that the L1 mobility procedures become complex and the gains are not at all clear (since almost nobody has shown any simulation results so far). Where do you see gains coming from in L1 mobility and how can those be verified?


3 Answers by moderator (1st Round)
Thanks for the questions and comments. The corresponding answers are provided in the following table.
Table 1: Answers by moderator (1st Round)
	Reply to individual company
	Answers

	Reply to Xiaomi
	It can be seen that Rel-17 enhancement is on streamlining the signalling process by introducing common beam and unified TCI. In Rel-18, faster beam search could be expected, for example, we also saw interests to support UE-assisted BM, prediction-based BM, etc.

	Reply to Samsung
	Proposal 1: It is clear that TPMI enhancement is needed to support UL frequency-selective precoding. And Rel-15 CB like method is highly possible to increase DCI payload size. We are open to see enhancements with less L1/L2 signalling overhead including multi-stage codebook.
Proposal 4: Yes. Our intention is to have less frequent CSI measurement and report, for example, to support Doppler domain processing.

	Reply to Intel
	The need to enhance UL capacity is driven by UL heavy applications and it is of course limited to specific scenarios. But we agree on the importance of timely RAN4 involvement.

	Reply to Qualcomm
	Yes, it is the intention to support CJT.

	Reply to Huawei
	For example, prediction can be used to avoid exhaustive search of suitable MTRP beam combinations and to enable early-switch of beam/TRP before current link quality starts to drop.

	Reply to Lenovo
	Q1: Yes, it is the intention.
Q2: The intention of proposal 4 is not about beam management. But yes we would like to see enhancement on inter-cell mobility, together with other intra-cell beam management enhancement as in proposal 2.

	Reply to Nokia
	To our understanding, the motivation of supporting L1 mobility is to reduce latency. The gain in latency reduction is from less RRC involvement. Also, in FR2, the gain is from less time spent on searching/tuning the beam pairs in the target cell. As to the verification, analytical results can be at least one alternative to show the gain in latency reduction.


4 Questions/Comments to RWS-210123 on Rel-18 MIMO (2nd Round)
Please use the following form for further questions/comments.
Feedback Form 2: [2nd round QA] MIMO enhancements in Rel-18 (RWS-210123)
	1 – Qualcomm CDMA Technologies 
Regarding “multi-panel codebook enhancements for support geographically distributed antenna panels in FR1”, given the clarification that this scenario is intended for CJT, we have the following follow-up questions: 
Q1: Is the time alignment error (TAE) across TRPs envisioned to be the same as existing RAN4 requirements for MIMO (i.e., 65ns)? How this can be achieved?
Q2: Are you envisioning that the distributed TRPs share the same clock / PLL? If not, what are the phase drift requirements for CJT to work in practice


5 Answers by moderator (2nd Round)
Thanks for the questions and comments. The corresponding answers are provided in the following table.
Table 2: Answers by moderator (2nd Round)
	Reply to individual company
	Answers

	Reply to Qualcomm
	Q1: It is assumed at least in one of application scenarios that distributed antenna panels are still located close to each other to meet those requirements.
Q2: In our understanding it is preferred not limited to the same PLL in the first place. Evaluations can be used to confirm the need and the performance of different compensation methods.


6 Summary
In two rounds of Q&A, 10 separate questions/comments received from 7 different companies and corresponding answers are provided, as captured in Feedback Forms 1, 2 and Tables 1, 2. More specifically, 
· 2 questions/comments on Proposal 1 for UL MIMO enhancements
· 2 questions/comments on Proposal 2 for beam management enhancements
· 4 questions/comments on Proposal 3 for Multi-TRP/panel enhancements
· [bookmark: _GoBack]2 questions/comments on Proposal 4 for CSI enhancements
Based on our proposals and email discussions, we suggest a work item of Rel-18 MIMO could at least include objectives for enhancements on UL MIMO, beam management, Multi-TRP/panel and CSI respectively.
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