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Introduction
In this contribution, we will further discuss the remaining issues on timing requirements for multi-DCI based multi-TRP transmissions with two TA.
Discussion
In last RAN4 meeting, RAN4 achieved some agreements on timing requirements for UL multi-DCI multi-TRP with two TAs, however the following open issues captured in WF [1] still needs to .
	Issue 2-1-1: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
Issue 2-1-3: Reference timing
Issue 2-1-4: TDM and overlapping UL transmissions for multi-TRP with 2 TAs
Issue 2-1-5: TAG management for multi-TRP with 2 TAs


RAN4 achieved the agreement on the MRTD value for UE not supporting RTD>CP. The MTTD value is derived from MRTD value with adding the implementation margin. However, the assumed implementation margins for MTTD requirements have been discussed and the following two options are considered.
	· MTTD for UE not capable of supporting RTD > CP
· Option 1: 
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=0 and M2=0
· Option 2: 
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us 
· If UE doesn’t support STxMP
· Wait for RAN1 further progress for gap/scheduling restriction
· No MTTD requirements for this case.



The implementation margin used for defining MTTD requirements includes UE transmit timing error (Te), TA adjustment error and TA resolution error. For UE supporting RTD>CP, the implementation margin is assumed as 1.6 µs in FR1 and 0.5 µs in FR2. For UE not supporting RTD>CP, the same implementation margin can be assumed. If UE does not support STxMP, TDM based UL transmissions with two TAs shall be assumed. In RAN1, time gap or scheduling restrictions are considered to avoid the two UL transmissions being overlap. Hence, there is no need to define MTTD requirements for multi-TRP transmissions. If UE supports STxMP, UE shall be able to perform timing tracking for two TRPs simultaneously and UE shall be assumed with separate FFTs/PAs for two TRPs. So, the UE shall be able to handle the timing misalignment between two TAs.
Proposal 1: For UE not supporting RTD>CP, option 2 is suggested for defining MTTD requirements for UL multi-DCI multi-TRP with two TAs, where Option 2 is defined as:
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us
· If UE doesn’t support STxMP
· No MTTD requirements for this case.
In current UE transmit timing requirements, only how to select the reference cell for deriving the UE transmit timing for pTAG and sTAG is defined. For multi-DCI multi-TRP operation with two TAs in a CC, the DL reference timing for each TAG needs to be clarified. 
For multi-TRP operation with two TAs, non-collocated TRP deployment shall be the target scenario, and the DL timings of signals from for two TRPs can be assumed to be different. So, two DL reference timings used where each DL reference timing is associated with one TAG shall be supported for UL multi-DCI multi-TRP operation with two TAs.
Proposal 2: For multi-DCI multi-TRP with two two TAs, two DL reference timings where each DL reference timing is associated with one TAG shall be supported.
In RAN1, the following agreements have been achieved in RAN1#112 meeting.
	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 
· [bookmark: _Hlk131090660]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



It can be observed that the TAG ID will be associated with UL/joint TCI state. Based on the TAG ID associated the UL/joint TCI state(s) for UL transmission, UE shall know which TAG the UL transmission belongs to. The activated UL/joint TCI states associated to one CORESETPoolIndex correspond to one TAG. For multi-DCI based multi-TRP transmission, UE is configured with two different values of CORESETPoolIndex and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. According to the mapping relationship between CORESETPoolIndex and TAG ID, UE shall know one TAG is associated to which one of the activated DL TCI state and the corresponding DL timing is used.
Proposal 3: For multi-DCI based multi-TRP operation, the UL transmit timing for one TAG can be derived from the DL reception timing of the PDCCH/PDSCH which is associated to the same CORESET Pool index as UL transmission.
When simultaneous UL transmission is not supported for multi-TRP scenario, then UE need to perform multi-TRP transmissions in TDM manner. For multi-TRP transmissions with two TAs, the transmit timing of PUSCH transmission associated with different TAGs can be not aligned. When UE performs the switching between PUSCH transmissions associated with different TAGs, PUSCH transmission associated with different TAGs could be partially overlapping in time domain. How to handle the overlapping part has been discussed in RAN1 and the following agreements are achieved.
	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 down-selected alternative(s) in the specifications in case specification impact is deemed needed.


It can be observed that three alternatives are considered in RAN1 to handle the timing misalignment for multi-TRP transmissions with two TAs. Alternative 1 is to introduce the time gap for switching. Alternative 2 is to reduce the overlapping part of one of the two UL transmissions. Alternative 3 is the scheduling restriction scheme. No matter which scheme is selected in RAN1, RAN4 just follows RAN1’s agreements.
Proposal 4: For multi-DCI based multi-TRP operation with two TAs in TDM manner, how to handle the timing misalignment for multi-TRP transmission with two TAs needs RAN1’s further inputs.
In last RAN4 meeting, it was suggested to study UE behavior when the transmission timing difference between two TAGs configured for multi-TRP transmissions exceeds the MTTD value for multi-TRP transmissions with two TAs, and the following options are considered:
	Issue 2-1-5: TAG management for multi-TRP with 2 TAs
· Proposals: 
· Option 1:
· RAN4 can do some study on TAG management for multi-TRP with 2 TAs.
· For example: Once it is about to exceed the limit UE can support, UE can send some indication to network so that network can e.g. indicate UE to fall back to single TA to avoid waste of UL resource since UE anyway cannot maintain two UL soon.
· Option 2: use LTE CA requirements as baseline
· Option 3: FFS


The MRTD/MTTD requirements for multi-TRP transmissions with two TAs are defined based on the same methodology of defining MRTD/MTTD requirements for CA operations. Then, the similar solution of handling the issue that the transmission timing difference between two TAGs exceeds MTTD value under CA operation can be reused as baseline. For LTE CA operations, UE is assumed to stop UL transmissions on sTAG if the transmission timing difference between pTAG and sTAG exceeds MTTD value. For NR CA operation, there are no requirements to specify the UE behavior when the transmission timing difference between pTAG and sTAG exceeds MTTD value.
Proposal 5: For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value, the following two options are suggested:
· Option 1: Reuse LTE CA solution
· [bookmark: _GoBack]UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Option2: Reuse NR CA solution
· No requirements, it is up to UE implementation.
Conclusions
This contribution provides discussion on maximum uplink timing difference for multi-TRP operation in R18. The following are provided:
Proposal 1: For UE not supporting RTD>CP, option 2 is suggested for defining MTTD requirements for UL multi-DCI multi-TRP with two TAs, where Option 2 is defined as:
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us
· If UE doesn’t support STxMP
· No MTTD requirements for this case.
Proposal 2: For multi-DCI multi-TRP with two two TAs, two DL reference timings where each DL reference timing is associated with one TAG shall be supported.
Proposal 3: For multi-DCI based multi-TRP operation, the UL transmit timing for one TAG can be derived from the DL reception timing of the PDCCH/PDSCH which is associated to the same CORESET Pool Index as UL transmission.
Proposal 4: For multi-DCI based multi-TRP operation with two TAs in TDM manner, how to handle the timing misalignment for multi-TRP transmission with two TAs needs RAN1’s further inputs.
Proposal 5: For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value, the following two options are suggested:
· Option 1: Reuse LTE CA solution
· UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Option2: Reuse NR CA solution
· No requirements, it is up to UE implementation.
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