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Introduction
In RAN4#104-e meeting, RAN4 had discussed on maximum uplink timing difference for multi-DCI multi-TRP with two TAs, but no agreements were achieved. In this contribution, we provide the further discussion on maximum uplink timing difference for multi-TRP transmissions.
Discussion
The following issues captured in WF [1] needs to further studied.
	· Sub-topic 1-1: Align views on whether MRTD/MTTD requirements in 38.133 cover intra-cell case.
· Sub-topic 1-2: MTTD for multiple TRPs for intra-cell case
· Sub-topic 1-3: MTTD for multiple TRPs for inter-cell case


The existing MRTD/MTTD requirements in TS38.133 specifies the timing difference limitation between two different CCs for CA or DC operations. However, for MIMO, TRPs used for multi-TRP operation are on the same CC rather than cross CCs. The maximum UL transmit timing difference for multi-TRPs shall be the timing difference limitation between different TRPs on the same CC.
Proposal 1: The existing MRTD/MTTD requirements in section 7.5 and 7.6 of TS38.133 only define the timing difference limitation between different CCs for CA or DC operations, not define the timing difference limitation between different TRPs on the same CC for MIMO case.
For multi-TRP operation, whether it is intra-cell case or inter-cell case depend on whether two TRPs are associated to the same PCI or different PCIs. In RAN4, the following options were discussed for MTTD for multiple TRPs.
	· Option 1: the maximum uplink transmit timing difference between multiple TRPs can be assumed within a CP length (single FFT)
· Option 2: the maximum transmit timing difference depends on UE capability on number of panels
· For single UE panel, the MTTD between UL signals should be within CP.
· For multiple UE panels, the MTTD between UL signals may be larger than CP, e.g. MTTD for CA case.
· Option 3: 
· For intra-cell case, the maximum uplink transmission timing difference refer to the Rel-18 RAN4 intra-band non-collocated WID defined MTTD requirement.
· For inter-cell case, the current inter-band CA MTTD requirement can be reused
· Option 4: RAN4 to reuse MRTD and MTTD values of inter-band CA scenario for multi-DCI and multi-TA feature of Rel-18 MIMO.
· Option 5: The maximum uplink timing difference can be assumed as:
· For FR1, not larger than CP+1.6µs
· For FR2, not larger than CP+0.5µs
· Option 6:
· For FR1 UE, or for FR2 UE which is only able to Tx from one panel at a time, the maximum Tx timing difference between different carriers in CA/DC scenario that UE is required to assumed, is specified in clause 7.5.4 of TS 38.133, and it is up to RAN 1 to define the Tx timing difference within the single carrier.
· For FR2 UE that is capable of simultaneous Tx from 2 different panels, RAN4 postpone the discussion until the RTD assumption is concluded in R18 multi-Rx chain WI.


UE uplink transmit timing is derived based on UE downlink receive timing. The maximum UL transmit timing difference for multi-TRPs can be derived from the maximum DL receive timing difference for multi-TRPs, where TTD for multi-TRPs = RTD for multi-TRPs + implementation margin.
Proposal 2: For both intra-cell and inter-cell cases, the UL transmit timing difference for multiple TRPs can be derived from the DL receive timing difference for multiple TRPs, where TTD = RTD + implementation margin.
According to the current MRTD/MTTD requirements for CA/DC operation, it can be observed that the implementation margin assumed in MTTD requirements is 1.6us for FR1 and 0.5us for FR2. Hence, the maximum DL receive timing difference for multi-TRPs can be assumed as (RTD+1.6us) for FR1 and (RTD+0.5us) for FR2.
In R16, RAN1 achieved the agreement that UE can assume that UE may receive DL transmission from multiple TRPs within a CP with single/multiple FFT windows, i.e. the maximum receive timing difference between multiple TRPs is within a CP. Based on this assumption, RAN4 fully discussed the impacts due to multi-TRPs transmission and finally agreed that there is no impact on the existing MRTD/MTTD requirements for EN-DC and NR CA. In R17, inter-cell multi-TRPs are introduced and the timing offset for inter-cell multi-TRPs also was discussed in RAN4. RAN4 finally agreed that the timing offset between inter-cell multi-TRPs is assumed to be within a CP length. In R18, FR2 UE is enhanced to support simultaneous DL reception with different beams directions for multi-TRP transmissions. Whether the time difference between different beams directions can be longer than CP was discussed in RAN4. R16/R17 timing offset assumption may not be reused in R18. However, there has no conclusion until now. The discussion on maximum UL transmit timing difference for multi-TRPs can be postponed until RAN4 concludes the receive time different in R18 multi-Rx chain DL receptions.
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Conclusions
This contribution provides discussion on maximum uplink timing difference for multi-TRP operation in R18. The following are provided:
Proposal 1: The existing MRTD/MTTD requirements in section 7.5 and 7.6 of TS38.133 only define the timing difference limitation between different CCs for CA or DC operations, not define the timing difference limitation between different TRPs on the same CC for MIMO case.
Proposal 2: For both intra-cell and inter-cell cases, the UL transmit timing difference value for multiple TRPs can be derived from the DL receive timing difference for multiple TRPs, where TTD = RTD + implementation margin.
Proposal 3: In R18, the maximum uplink transmit timing difference between multiple TRPs can be assumed as (RTD + 1.6us) for FR1 and (RTD + 0.5us) for FR2, where RTD is the maximum DL receive timing difference assumed in R18 multi-Rx chain DL reception WI.
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