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1 	Introduction
Last meeting, RAN4 started to study and define the requirement for R18 MIMO according to WID [1]. For some issues, more discussions are needed for unified TCI enhancement. Our view on these issues is provided in this paper. 
2 Discussion
Since R17, RAN1 introduced a new TCI state framework, so-called unified TCI state switch, to reduce the complexity of legacy TCI state switch. However, in R17, unified TCI state switch is only applicable to the scenario of dynamic point selection (DPS) and single TRP. In R18, RAN1 extends the requirement of unified TCI state switch to mTRP scenario. So, the corresponding requirement should be also discussed in RAN4. For example, what is the delay requirement of unified TCI state switch in mTRP scenario? Should RAN4 define the different delay requirements for sDCI and mDCI mTRP operation? But RAN4 should first discuss what scenarios (e.g., sDCI/mDCI/simultaneous DL reception) to support for extension of R17 unified TCI state framework before to specify the delay requirement of unified TCI state switch. So, based on above analysis, the following proposal is suggested.
[bookmark: _Ref131859432]Proposal 1: RAN4 to discuss what scenarios (e.g., sDCI/mDCI/simultaneous DL reception) to support for unified TCI state in mTRP operation in R18 MIMO evo at first.

2.1 Target scenarios for extension of Rel-17 Unified TCI framework in RAN4
There’re many issues in discussion as below [2] related to which scenarios to define unified TCI state switching requirement for.
	Issue 3-1-1: In general, do you agree RRM requirements are impacted by extension of unified TCI framework to M-TRP?
· Proposals
· P1: RAN4 discuss impact to RRM requirements with extension of unified TCI framework to multi-TRP (Apple) 
· P2: Yes (Intel)
· P3: RAN4 to define requirements for both single-DCI and multi-DCI scenarios in MIMO_evo Rel-18 with support of both cases of joint or separate frameworks. (Nokia)
· P4: The unified TCI state switching requirement will be impacted to extent the multi-TRP case and the STxMP feature (Xiaomi)
· P5: RAN4 to define the delay requirement of unified TCI state switch in mTRP operation in R18 MIMO. (MediaTek)
· P6: RAN4 to discuss and specify the RRM active TCI state switching delay requirements for unified TCI frame for S-DCI based MTRP and M-DCI based MTRP (Samsung)
· P7: RAN4 to discuss the Unified TCI extension to mTRP in FR2 with more conclusions of Rel-18 Multi-Rx and UL multi-panel in Rel-18 MIMO. (Huawei)
· P8: RAN4 to study the requirements for single and multiple DCI schemes for unified TCI state switching for multiple TRPs. (Ericsson)

Issue 3-1-2: For extension of Rel-17 unified TCI framework, whether to support sDCI and mDCI?
· Way forward
· FFS: Both sDCI and mDCI based MTRP are considered for extension of Rel-17 unified TCI framework for multi-TRP

Issue 3-1-3: For extension of Rel-17 unified TCI framework, whether to support intra-cell mTRP and inter-cell mTRP scenarios?
· Proposals
· Option 1: intra-cell only
· Option 2: both intra-cell and inter-cell

Issue 3-1-4: For extension of Rel-17 unified TCI framework, whether to support simultaneous reception in mTRP?
· Proposals
· Option 1: not consider simultaneous reception in mTRP in Rel-18
· Option 2: Consider simultaneous reception in mTRP in Rel-18, FFS on how to do the extension


Based on RAN4#106 discussion, next we will provide our views on the scenarios to consider for extension of Rel-17 unified TCI framework in the following dimensions:
· Whether support sDCI and mDCI?
· Whether support intra-cell and inter-cell mTRP?
· Whether consider simultaneous reception in R18?
· Whether to consider 2TA?

[bookmark: _Hlk132040007]To take into account above issues, we provide the possible scenarios for UL multi-TRP from the point of view of current RAN1 agreement as below table.
	Possible scenarios for UL multi-TRP
	sDCI or mDCI?
	Intra or inter-cell mTRP?
	1 or 2 TAGs?
	a. only MRTD < CP
b. MRTD > CP optional
	a. only MTTD < CP
b. MTTD > CP optional

	A. PUSCH non-SFN
	mDCI
	Both
	Both
	Both
a. with 1 TAG
b. with 2 TAGs
	Both
a. with 1 TAG
b. with 2 TAGs 

	B. PUSCH TDM
	mDCI
	Both
	Both
	Both
a. with 1 TAG
b. with 2 TAGs
	Both
a. with 1 TAG
b. with 2 TAGs

	C. PUSCH SFN/SDM/repetition
	sDCI
	Only intra-cell 
	1 TAG
	N/A

	Only support a.

	D. PUCCH SFN/repetition
	sDCI
	Only intra-cell 
	1 TAG
	N/A
	Only support a.


Basically, to follow RAN1 agreement and conclusion for now, R18 MIMO evo support below scenarios:
· sDCI and mDCI.
· UL multi-TRP with two TAGs.
[bookmark: _Ref131859436]RAN1 already specified sDCI/mDCI and UL multi-TRP with two TAs in some agreement. And RAN4 could further specify whether UE support intra-cell or inter-cell mTRP in R18 MIMO evo. To follow multi-RX conclusion, we could support intra-cell mTRP as baseline in R18 MIMO evo. So, the following proposal is suggested.
[bookmark: _Ref132044089]Proposal 2: Support both sDCI and mDCI for extension of Rel-17 unified TCI framework in R18 MIMO evo.
[bookmark: _Ref131859439]Proposal 3: Support intra-cell mTRP as baseline for extension of Rel-17 unified TCI framework in R18 MIMO evo.

For Issue 3-1-4, R18 Multi-Rx is discussing how to define TCI state switching requirements for simultaneous multi-panel. Although R18 Multi-Rx focuses on R15/R16 TCI framework, the approach to define requirements should be similar. To avoid duplicated discussion in different WIs, we suggest not considering simultaneous multi-panel reception/transmission for extension of Rel-17 unified TCI framework in R18 MIMO evo.
[bookmark: _Ref132044918]Proposal 4: Not consider simultaneous multi-panel reception/transmission for extension of Rel-17 unified TCI framework in R18 MIMO evo.

In addition, some companies provide below issues base on the discussion [2] in last meeting.
	Issue 3-1-6-a: If multi-Rx is not supported, whether to use common requirements or separate requirements to support sDCI or mDCI?
· Proposals
· P1: Common requirements for both sDCI and mDCI scenarios
· Rel-17 Unified TCI state list update delay can apply for MAC CE based TCI states activation for PDSCH in both sDCI and mDCI scenario if single panel scheme is used. (Intel)
· P2: Discuss whether different requirements are needed for s-DCI operation and m-DCI operation in each joint or separate TCI frameworks, as shown in the 4 cases (Nokia)

Issue 3-1-6-b: If multi-Rx is supported, whether to use common requirements or separate requirements to support sDCI or mDCI?
· Proposals
· Option 1: Common requirements for both sDCI and mDCI scenarios
· Option 2: Different requirements for sDCI and mDCI scenarios

Issue 3-1-7: Whether to use common requirements or separate requirements for joint or separate TCI framework?
· Proposals
· Option 1: Discuss whether different requirements are needed for s-DCI operation and m-DCI operation in each joint or separate TCI frameworks, as shown in the 4 cases (Nokia)

Issue 3-1-8: How to specify DCI based TCI state switch requirements?
· Proposals
· Option 1: FFS. (Intel)
· Option 1a: DCI based TCI state switch requirement may be updated depends on RAN1 progress. (Intel)

Issue 3-1-9: How to specify MAC CE TCI activation for uplink?
· Proposals
· P1: For single-panel based scheme, Rel-17 UL TCI state list update delay can apply for MAC CE based TCI states activation in both sDCI and mDCI scenario. (Intel)
· P2: The unified TCI state switching requirement will be impacted to extent the multi-TRP case and the STxMP feature. (Xiaomi)


From above, we think it should specify separate delay requirements for sDCI and mDCI because mDCI may have two DL reference timing with two TAs. But the possible scenarios (sDCI/mDCI/simultaneous DL reception) of R18 MIMO evo to be supported in RAN4 is still unclear, we can postpone the discussion of these issues for extension of Rel-17 unified TCI framework. So, the following proposal is suggested. 
[bookmark: _Ref132044926]Proposal 5: Postpone these issues until possible scenarios (sDCI/mDCI/simultaneous DL reception) for extension of unified TCI framework is clear.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 MIMO is provided. We have the following proposal:
Proposal 1: RAN4 to discuss what scenarios (e.g., sDCI/mDCI/simultaneous DL reception) to support for unified TCI state in mTRP operation in R18 MIMO evo at first.

Proposal 2: Support both sDCI and mDCI for extension of Rel-17 unified TCI framework in R18 MIMO evo.

Proposal 3: Support intra-cell mTRP as baseline for extension of Rel-17 unified TCI framework in R18 MIMO evo.

Proposal 4: Not consider simultaneous multi-panel reception/transmission for extension of Rel-17 unified TCI framework in R18 MIMO evo.

Proposal 5: Postpone these issues until possible scenarios (sDCI/mDCI/simultaneous DL reception) for extension of unified TCI framework is clear.
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