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Introduction
In this contribution, we will further discuss the remaining issues on timing requirements for R18 MIMO.
Discussion
In R18, the MRTD/MTTD requirements for multi-TRP have been introduced in [1]. 
	7.6.x	Minimum Requirements for Multi-TRPs 
A UE supporting [FG 40-2-1 or FG 40-2-2] shall be capable of handling at least a relative receive timing difference between slot timing of different TRPs on the same carrier at the UE receiver as shown in Table 7.6.x-1 below.
A UE supporting [FG 40-2-1 or FG 40-2-2] shall be capable of handling at least a relative receive timing difference between slot timing of different TRPs on the same carrier at the UE receiver as shown in Table 7.6.x-2 below, provided that the UE indicates that it is capable of [FG 40-2-6].
Table 7.6.x-1: Maximum receive timing difference requirement for multi-TRPs with two TAs for UE not capable of [FG 40-2-6] 
	Frequency Range
	Maximum receive timing difference 

	FR1
	CP lengthnote 1

	FR2-1
	CP lengthnote 1

	Note 1:	CP length of the maximum SCS on the carrier.



Table 7.6.4-2: Maximum receive timing difference requirement for multi-TRPs with two TAs for UE capable of [FG 40-2-6]
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8



7.5.x	Minimum Requirements for multi-TRP
A UE supporting [FG 40-2-1 or FG 40-2-2] shall be capable of handling at least a relative transmission timing difference between slot timing of a pair of TAGs configured on the same carrier as shown in Tables 7.5.x-1.
A UE supporting [FG 40-2-1 or FG 40-2-2] shall be capable of handling at least a relative transmission timing difference between slot timing of the pair of TAGs configured on the same carrier as shown in Table 7.5.x-2, provided that the UE indicates that it is capable of [FG 40-2-6].
Table 7.5.x-1: Maximum uplink transmission timing difference requirement for multi-TRP for UE not supporting [FG 40-2-6]
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	CP lengthnote 1+1.6us

	FR2-1
	CP lengthnote 1+0.5us

	Note 1:	CP length of the maximum SCS on the carrier.
Note 2:	This requirement applies to the UE capable of [STxMP].



Table 7.5.x-2: Maximum uplink transmission timing difference requirement for multi-TRP for UE supporting [FG 40-2-6]
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5


 


It can be observed that the MRTD/MTTD requirements for UE supporting multi-DCI based multi-TRP operation with two TA enhancement are defined.
In R16/R17, the DL timing difference between two TRPs for multi-TRP operation is assumed to be within CP. In R18, UE capability of two TA enhancement for multi-DCI based multi-TRP operation is introduced and optional. So, in R18, there includes UE capable of two TA enhancement for multi-DCI based multi-TRP operation and UE not capable of two TA enhancement. For two TA enhancement, whether to support Rx timing difference between the two DL reference timings larger than CP length is up to UE capability. So, the following types of UEs needs to be considered for multi-TRP operation in R18.
· UE not capable of two TA enhancement for multi-DCI based multi-TRP operation (not supporting 40-2-1/2).
· UE capable of two TA enhancement for multi-DCI based multi-TRP operation but not capable of RTD>CP (supporting 40-2-1/2 but not supporting 40-2-6).
· UE both capable of two TA enhancement for multi-DCI based multi-TRP operation and capable of RTD>CP (supporting 40-2-1/2 and 40-2-6).
However, the MRTD requirements for UE not capable of two TA enhancement are not clarified in current specification. The optional UE capability of supporting RTD>CP is introduced for TA enhancement. In 18, there is no conclusion to support RTD>CP for multi-TRP operation without two TA enhancement. Hence, for UE not capable of two TA enhancement, it is expected to keep the same RTD assumption as that in R16/R17, i.e. RTD< CP.
Proposal 1: In R18, the UE not capable of multi-DCI based multi-TRP operation with two TAs is expected to keep the same RTD assumption as R16/R17, i.e. RTD< CP.
For two TA enhancements, the definition of DL reference timing for each TAG under multi-TRP operation has been discussed in RAN4, and the following agreements were achieved:
	Issue 3-1-1: DL reference timing
Agreement: 
· 
[bookmark: _Hlk155875699]For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before the reception of the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state.


The uplink transmission timing of uplink signal/channel is derived from the downlink timing of a DL RS associated with the UL/joint TCI state of uplink signal/channel. However, when a DL RS is considered to be associated with the UL/joint TCI state of uplink signal/channel is not clarified in current specification. In RAN1, the following agreement have been achieved and captured in specification.
	Agreement (RAN1#113)
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· [bookmark: _Hlk155951775]UE expects that the UL/joint TCI states of UL signals/channels associated to one CORESET Pool Index correspond to one TAG  
· Association of TAG ID with UL/joint TCI state is via RRC configuration 
· Above does not impact the association of the indicated TCI states and coresetPoolIndex values as agreed in previous meetings in 9.1.1.1.

[TS 38.214 section 6.1]
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and if the UE is configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs [except if reported by [UE capability]].



[bookmark: _Hlk155953070]It can be observed that the UL/joint TCI states associated with one coresetPoolIndex corresponds to one TAG. In a ControlResourceSet, the tci-StatesToAddModList or dl-OrJointTCI-StateList will be included, which are used for providing QCL relationships between the DL RS(s) in one RS Set (TCI-State) and the PDCCH. So, the DL RS(s) of the TCI-State(s) within a ControlResourceSet can be used for providing the reference timing for UL transmission when the ControlResourceSet and the UL/joint TCI states of UL transmission are associated to the same coresetPoolIndex. 
Proposal 2: For DL reference timing for multi-DCI based multi-TRP operation with two TAs, it is suggest to clarify how the DL RS used for reference timing is associated to the UL transmission.
More than one UL/joint TCI states can be associated with one coresetPoolIndex. All the UL transmissions whose UL/joint TCI state associated with the same coresetPoolIndex can be derived from the same DL reference timing. According to TS38.331, it can be observed that more than one TCI-States can be within a ControlResourceSet, and which one of these TCI-States is used for providing the reference timing is up to UE implementation. So, it needs to be clarified that DL RS of any of the TCI-States associated with the same coresetPoolIndex can be used for providing the reference timing for UL transmissions for the corresponding TAG. 
Proposal 3: For multi-DCI based multi-TRP operation with two TAs, the clarification in timing requirements can be updated as follows:
	If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex for the active BWP of a serving cell and the UE is configured with [twoTAGs] for the serving cell, For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmissions of the serving cell associated with one coresetPoolIndex, which belong to one TAG, timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal of any DLorJointTCIState associated with the same coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) , where   is commanded by the network independently for each TAG [TS 38.331].



Conclusions
This contribution provides discussion on remaining issues on timing requirements for multi-TRP operation with 2 TAs in R18. The following are provided:
Proposal 1: In R18, the UE not capable of multi-DCI based multi-TRP operation with two TAs is expected to keep the same RTD assumption as R16/R17, i.e. RTD< CP.
Proposal 2: For DL reference timing for multi-DCI based multi-TRP operation with two TAs, it is suggest to clarify how the DL RS used for reference timing is associated to the UL transmission.
Proposal 3: For multi-DCI based multi-TRP operation with two TAs, the clarification in timing requirements can be updated as follows:
	If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex for the active BWP of a serving cell and the UE is configured with [twoTAGs] for the serving cell, For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmissions of the serving cell associated with one coresetPoolIndex, which belong to one TAG, timing takes place    before the reception of the first detected path (in time) of the corresponding downlink reference signal of any DLorJointTCIState associated with the same coresetPoolIndex UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) , where   is commanded by the network independently for each TAG [TS 38.331].
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