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Introduction
In RAN4#104bis-e meeting, RAN4 achieved the agreements on maximum uplink timing difference for multi-DCI multi-TRP with two TAs. In this contribution, we will further discuss the remaining issues on maximum uplink timing difference for multi-TRP transmissions.
Discussion
In RAN4, the following agreements on MRTD/MTTD requirements for multi-TRP operation were captured in WF [1].
	Issue 1-2: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR1
Agreements:
· [bookmark: _Hlk116659454]For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP+M1 µs for FR1. Where M1 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 33/34.6 µs.

Issue 1-3: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR2
Agreements:
· [bookmark: _Hlk116659477]For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP + M2 µs for FR2. Where M2 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 8/8.5 µs.



It can be observed that the MRTD/MTTD requirements for multi-TRP operation are separately defined for the UE capable of supporting RTD>CP and the UE not capable of supporting RTD>CP. For UE capable of supporting RTD>CP, the MRTD value is defined as 33µs in FR1 and 8µs in FR2, and the MTTD value is defined as 34.6 µs in FR1 and 8.5 µs in FR2. For UE not capable of supporting RTD>CP, the MRTD between multiple TRPs is assumed as within a CP length, and the MTTD value is assumed as (CP + M1 µs) in FR1 and (CP + M2 µs) in FR2. The values of M1 and M2 need to be further studied.
The MTTD value is derived from the MRTD value by adding an implementation margin. The implementation margin used for defining MTTD requirements includes UE transmit timing error (Te), TA adjustment error and TA resolution error. The implementation margin shall be same no matter whether UE is capable of supporting RTD>CP or not. For UE capable of supporting RTD>CP, the implementation margin is assumed as 1.6 µs in FR1 and 0.5 µs in FR2. For UE not capable of supporting RTD>CP, the same implementation margin can be assumed, and the MTTD value can be defined as (CP + 1.6 µs) in FR1 and (CP + 0.5 µs) in FR2.
Proposal 1: For UE not capable of supporting RTD>CP, the MTTD between multiple TRPs can be defined as (CP + 1.6µs) for FR1 and (CP + 0.5µs) for FR2, where the implementation margin included in MTTD value is assumed as 1.6µs in FR1 and 0.5µs in FR2.
For multi-TRP operations on the same CC, UE performs the switching between 2 UL signals associated with 2 different TAs more like an uplink timing adjustment. There is no need to define the transient period for uplink timing adjustment operation. For UE not capable of supporting RTD>CP, the timing misalignment between 2 UL signals associated with 2 different TAs could exceed CP length. There may have performance degradation for the first symbol of the slot.
Proposal 2: For UE not capable of supporting RTD>CP, the performance degradation is expected for the first symbol of the first slot after the switching between two UL signals with different TAs, when the timing difference between the two UL signals exceeds the CP length of UL SCS for data.
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 capable of supporting RTD>CP, the MTTD between multiple TRPs can be defined as (CP + 1.6µs) for FR1 and (CP + 0.5µs) for FR2, where the implementation margin included in MTTD value is assumed as 1.6µsin FR1 and 0.5µs in FR2.
Proposal 2: For UE not capable of supporting RTD>CP, the performance degradation is expected for the first symbol of the first slot after the switching between two UL signals with different TAs, when the timing difference between the two UL signals exceeds the CP length of UL SCS for data.
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