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1 	Introduction
In RAN4 #104-e, one LS [1] sent from RAN1 was received. In that LS, RAN1 asks RAN4 what maximum uplink timing difference that RAN1 can assume between the two TAs for multi-DCI multi-TRP operation. In RAN4 #104-e and #105, RAN4 replied two LSs ([2] and [3], respectively) back to RAN1. However, in [3], one open issue regarding the values of M1 and M2 in RTD > CP case were discussed without conclusion yet. Our view on values of M1 and M2 is provided in this paper.
2 Discussion
Based on our preliminary study, we suggest RAN4 can further study following topics.
· Scenarios for multi-TRP with 2TAs
· DL timing for UL multi-DCI multi-TRP with two TAs
· MTTD
2.1 Scenarios for multi-TRP with 2TAs
In last meeting, there was a proposal on the scenarios to consider [4].

	Issue 1-1-4: Whether to allow simultaneous UL transmission on multiple TX panels for multi-TRP with 2 TAs?
· Proposals
· Option 1: For FR2 UEs, only able to TX from one panel at a time. (vivo)



RAN1 has agreed to support both UL TDM based multi-TRP and STxMP [7].
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.


From RAN1 agreement, we could category the UE into two types for mDCI based mTRP with two TAs:
· UE supports UL STxMP transmission
· UE does not support UL STxMP transmission
If UE does not support UL STxMP transmission, only TDM based UL multi-TPR transmission with 2 TAs is applicable, so the following proposal is suggested.
[bookmark: _Ref131782901]Proposal 1: If UE does not support simultaneous 2 panels for UL in FR2, 2 TAs is only applicable under UL TDM based multi-TRP.

2.2 DL reference Timing for UL multi-DCI multi-TRP with two TAs
We think it is important to align the understanding on DL reference timing before further discussing MTTD. For the DL reference timing, RAN4#106 had the discussion [4] as below.
	Issue 1-1-5: Reference timing
· Proposals
· P1: Clause 7.1: some clarification may be needed in the Introduction section regarding reference for UL Tx timing (Apple)
· P2: The UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. (Nokia)
· P3: Single reference timing is feasible. (Samsung)
· P4: RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed. (Huawei)
· P5: RAN4 should discuss whether single reference timing shall be considered or not and if it is considered. (Ericsson)
· P6: FFS, more RAN1 inputs are needed.



We need to discuss whether one or two DL reference timing is applied for UL multi-TRP because this will impact RRM requirements at least on the following:
1. MTTD requirement with one or two TAG(s). The details mentioned in 2.3 MTTD.
E.g., only MTTD < CP with one TA (one DL reference timing).
MTTD > CP as optional UE capability with two TAs (two DL reference timing).
2. Unified TCI state switch enhancement [8].
E.g., Unified TCI state delay requirement may be extended with two TAGs due to two DL reference timing.

RAN1 had some progress last meeting. We copied related R1 agreement [7] here for reference:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS




From the current agreement of RAN1, the association of TAG and DL reference timing is still not very clear to us. We think much more RAN1 output is necessary. Here is our current understanding:
1. One TAG implies one DL reference timing.
2. Typically, Two TAGs imply two DL reference timing. For two TAGs with the same DL reference timing, we are not clear about the applicable scenarios. We are open to know the deployment detail before further requirement discussion.

From above analysis, the following proposal is suggested.
[bookmark: _Ref131782905]Observation 1: Each TAG is allowed to have its own DL reference timing. Typically, two TAGs with different DL reference timing
Proposal 2: FFS whether RAN4 needs distinguish same or different DL timing reference in the discussion for 2 TAGs.
For these discussions below in WF [4], we’d like to postpone these issues until which scenarios should be supported in UL multi-TRP for R18 on RAN4.

	Issue 1-1-7: Whether to consider transient period between 2 UL signals with 2 different TAs for MRTD and MTTD requirements?

· Proposals
· P1: Clause 7.1: some clarification may be needed in the Introduction section regarding reference for UL Tx timing (Apple)
· P2: The UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. (Nokia)
· P3: Single reference timing is feasible. (Samsung)
· P4: RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed. (Huawei)
· P5: RAN4 should discuss whether single reference timing shall be considered or not and if it is considered. (Ericsson)
· P6: FFS, more RAN1 inputs are needed.

Issue 1-1-8: Whether scheduling restriction should be considered for multi-DCI uplink transmissions in TDM manner?
· Proposals
· Option 1: Yes, specify scheduling restriction. (Xiaomi, Samsung)
· Option 2: No



For issue 1-1-7 and 1-1-8, they really depend on supported scenarios on RAN4 and UE architecture. E.g., If we consider the worst case of possible UE architecture [6], TDM based UL transmission for multi-mTRP should be supported. These issues also discussed in RAN1 with some agreement [7]. We can postpone this issue until RAN1 or RF has more conclusion, so the following proposal is suggested.
[bookmark: _Ref131782915]Proposal 3: Not to discuss these issues until RAN1 or RF has some conclusion.

	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.
· 


2.3 MTTD 
Before discussing the RRM requirement for UL multi-TRP with two TAs, we’d like to know whether different scenarios will impact MTTD requirement. We summarize the possible scenarios in 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.



From above table, we provide some observation as below: 
· For UL multi-TRP via sDCI (Case C/D), typically, we only consider one TAG and MTTD < CP.
· For UL multi-TRP via mDCI (Case A/B), we consider both one or two TAGs. 
· The scenarios with one TAG, only consider MTTD < CP.
· The scenarios with two TAGs, MTTD < CP is the baseline, and MRTD/MTTD > CP as optional UE capability. 

Based on above observation, we could only discuss MTTD requirement with two TAGs for the possible scenarios via mDCI. So, the following proposal is suggested.
[bookmark: _Ref131782918]Proposal 4: RAN4 to discuss the MTTD requirement with two TAGs only for mDCI.

In addition, the content in replied LS [3] is provided below for reference.
	1. Overall description:
RAN4 thanks RAN1 for the LS on maximum uplink timing difference between the two TAs for multi-DCI multi-TRP with two TAs. After RAN4 further discussion, following values are agreed as MTTD values.
For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4. 


As above, in the last meeting, M1 and M2 are for further study. We think both M1 and M2 should be zero, i.e., MTTD is within one CP in both FR1 and FR2. If the timing difference is larger than one CP, the transmission power may be changed suddenly, leading to discontinuous phase of the signal. If this phase jump happens during the OFDM symbol duration (not CP) and network may not receive the signals successfully. And UE will be only wasting its power in transmission. This discussion further captured in the following WF [4].
	Issue 1-1-3: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Proposals
· Option 1: M1=M2=0 (Apple, MediaTek, vivo)
· Option 1a: in both FR1 and FR2, for both intra-cell and inter-cell multi-TRP, the MTTD between multiple TRPs can be assumed within a CP length as baseline. (Apple)
· Option 2: The MTTD between multiple TRPs can be defined as (CP + 1.6µs) for FR1 and (CP + 0.5µs) for FR2, e.g. M1=1.6us and M2=0.5 us. (Nokia, Xiaomi, Samsung, Huawei, Ericsson, Qualcomm)



If RAN4 consider the worst case of UE architecture, e.g., the same RF chain/FFT with two TX panels as shown in [6], UE should keep MTTD < CP for multi-panel. RAN4 defines the requirements for the worst case in general. The capability MRTD > CP is already introduced for more advanced UE. 
Therefore, we provide the proposal 5 as below.
[bookmark: _Ref127287163][bookmark: _Ref115355255]Proposal 5: For a UE not capable of supporting RTD > CP, the maximum transmission timing difference (MTTD) should be less than one CP, i.e., both M1 and M2 are zero. 
3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 MIMO is provided. We have the following proposal:
Proposal 1: If UE does not support simultaneous 2 panels for UL in FR2, 2 TAs is only applicable under UL TDM based multi-TRP.
Observation 1: Each TAG is allowed to have its own DL reference timing. Typically, two TAGs with different DL reference timing
Proposal 2: FFS whether RAN4 needs distinguish same or different DL timing reference in the discussion for 2 TAGs.
Proposal 3: Not to discuss these issues until RAN1 or RF has some conclusion.
Proposal 4: RAN4 to discuss the MTTD requirement with two TAGs only for mDCI.
Proposal 5: For a UE not capable of supporting RTD > CP, the maximum transmission timing difference (MTTD) should be less than one CP, i.e., both M1 and M2 are zero.
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