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1 Introduction
The Rel-18 WI on NR MIMO evolution for downlink and uplink is approved in RAN#94-e meeting [1], which includes the following objective.
	7.	Study, and if justified, specify the following
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.


In this contribution, we discuss on two TAs for UL multi-DCI for multi-TRP operation.

2 Two TAs for UL multi-DCI for multi-TRP operation
2.1 TRP-specific reference timings
In multi-TRP transmission, since the two cooperative TRPs are generally not geographically co-located, the distances between different TRP-UE pairs are typically different. As a result, the DL/UL transmissions between TRPs and UE experience different propagation time delays. In RAN1#109-e meeting [2], two TAs for UL multi-DCI for multi-TRP operation was supported in Rel-18. When TRP-specific TAs are adopted, the number of reference timings should also be discussed, and considering the following two cases. Without loss of generality, we assume that TRP#1 is closer to UE than the TRP#2.
· Case 1: Adopting two TAs (TRP-specific) and one TA reference timing (based on TRP#1)
· Case 2: Adopting two TAs (TRP-specific) and two TA reference timings (TRP-specific)
A detailed mathematical timing analysis for TA can be found in Appendix. The above-mentioned two cases are illustrated in Fig 1.


[bookmark: _Ref115205292]Fig 1 Timing analysis for one/two TA reference timings.
From Fig 1 we can observe that when adopting TRP-specific TA reference timings, the DL and UL transmissions can be aligned at two TRPs. 
In RAN1#110 [3] meeting, RAN#1 discussed this issue in depth but no agreement was achieved. Based on the simulation results in [4], using one reference timing results in performance degradation compared with two reference timings even though the Rx timing from two TRP is limited within CP. Furthermore, adopting one reference timing may leading to more overlapped time-domain resource between two consecutive UL transmissions towards M-TRP. As a result, we support to adopt two TA reference timings for Rel-18 multi-DCI multi-TRP operation.
[bookmark: _Hlk110973783]Adopting two reference timings for multi-DCI multi-TRP operation.

2.2 Handling of overlapping part between two UL transmissions
In Rel-17 UL multi-TRP operation, the UL transmissions toward two TRPs is in a TDM manner. When the TRP-specific TAs are supported, the overlap may be occurred between two consecutive UL transmissions. For example, when TRP#1 is closer to UE than the TRP#2, which leading to TA1<TA2. 


[bookmark: _Ref115203487]Fig 2 Overlap between two consecutive UL transmissions.
As illustrated in Fig 2, in this case, the end of the UL transmission towards TRP#1 overlaps with the start of the UL transmission towards TRP#2 in time domain. In the existing specification, if two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. If the gNB knows the two TAs of multi-TRP perfectly, the UL transmission overlap can be handled via gNB implementation, and the gNB schedules the UL transmissions to avoid the collision. If the overlap cannot be handled via gNB implementation, the legacy dropping rule can be reused, i.e., dropping the overlapped symbols in the latter transmission. What’s more, reserving a time gap is also an efficient scheme to avoid the overlap, and the time gap should be determined by the maximum uplink timing difference based on the LS to RAN4.
The overlap between two consecutive UL transmissions due to the different TAs can be avoided by gNB implementation if the two TAs can be known by gNB perfectly. If the overlap cannot be handled via gNB implementation, the overlapped symbols of the latter transmission should be dropped.
The overlap can also be avoided by reserving a time gap. The value of time gap is determined by the maximum uplink timing difference based on the LS to RAN4.

2.3 Random access procedure enhancements
In RAN1#109-e meeting, the following two cases are considered, i.e., inter-cell multi-TRP and intra-cell multi-TRP.
Case 1: Inter-cell multi-TRP
In inter-cell multi-TRP, two TRPs adopt two independent random access processes to acquire two TAs. UE transmits random access preambles to two TRPs and receives RARs from two TRPs independently in a successive or parallel way.
Case 2: Intra-cell multi-TRP
In intra-cell multi-TRP, two TRPs adopt two independent random access processes to acquire two TAs. UE distinguishes the TRP based on whether the beam direction of SSB contains CORESET#0 or not. The TRP whose beam direction of SSB contains CORESET#0 is specified as the TRP#1, and the other TRP is specified as the TRP#2. The UE receives and detects CORESET#0 and SIB, and achieves the first RO as well as the first random access preamble corresponding to the first SSB. Then the UE initiates random access process and transmits random access preamble to TRP#1 in the first RO. The UE determines the second SSB (without CORESET#0), and then the gNB triggers PDCCH order to indicate the random access process for TRP#2 to acquire two TAs. The multi-TRP can be associated with different values of CORESETPoolIndex. The two TAs can thus be indicated and updated by RAR and MAC-CE, respectively.
Adopting per-TRP random access process to acquire two TAs for inter/intra-cell multi-TRP operation.
For intra-cell multi-TRP, the UE initiates random access and transmits preamble to TRP#1 in the first RO. The gNB triggers PDCCH order to indicate the random access process for TRP#2 in the second RO to acquire two TAs.
Associate TRP/TAG to CORESETPoolIndex for multi-DCI based multi-TRP operation.

2.4 TAG and TAT
In RAN1#110 meeting, the following agreement has been made on number of TAGs [3].
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


In current spec, the two TRPs belong to the same TAG and configured with the same TAT. The maximum number of TAGs is four and the TAG is indicated by TAG ID of TAC MAC-CE. The TAG containing the SpCell has the TAG Identity 0. Since configuring two TAGs within a serving cell was agreed in RAN1#110, the maximum number of TAGs maybe be increased, e.g., 8 or 16, and the corresponding bit width of TAG ID can be increased to 3 or 4 bits.
When TAT expires, the UE is out of synchronization and the PUCCH/PUSCH/SRS transmission towards multi-TRP are not allowed in existing UL multi-TRP transmission. Then UE performs random access to obtain the TA and reset TAT. In RAN1#110 meeting, configuring two TAGs within a serving cell for multi-DCI based multi-TRP operation was supported, and each TRP/TAG is configured with a TAT by RRC. Suppose the TRP#1 receives TAC and the corresponding TAT expires firstly, the following two cases can be considered.
Case 1: Random access is triggered to obtain the TA and reset TAT for TRP#1, and TRP#2 maintains its own TA.
Case 2: UE transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 and TRP#2 maintains its own TA until the TAT of TRP#2 expires, then the random access is triggered to obtain the TAs and reset TATs for TRP#1 and TRP#2.
The UE can trigger the random access or the random access is triggered by PDCCH order.
Support to increase the maximum number of TAGs and the corresponding bit width of TAG ID of TAC MAC-CE, e.g., maximum 8/16 TAGs and 3/4 bits TAG ID.
Suppose the TAT of TRP#1 is expired, the UE can initiate random access to obtain the TA and reset TAT for TRP#1 or transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 until the TAT of TRP#2 expires.

3 Conclusion
In this contribution, we discuss about two TAs for UL multi-DCI for multi-TRP operation. According to the above discussions, we provide the following observation and proposals.
1. Adopting two reference timings for multi-DCI multi-TRP operation.
The overlap between two consecutive UL transmissions due to the different TAs can be avoided by gNB implementation if the two TAs can be known by gNB perfectly. If the overlap cannot be handled via gNB implementation, the overlapped symbols of the latter transmission should be dropped.
The overlap can also be avoided by reserving a time gap which is determined by the maximum uplink timing difference based on the LS to RAN4.
[bookmark: _GoBack]Adopting per-TRP random access process to acquire two TAs for inter/intra-cell multi-TRP operation.
For intra-cell multi-TRP, the UE initiates random access and transmits preamble to TRP#1 in the first RO. The gNB triggers PDCCH order to indicate the random access process for TRP#2 in the second RO to acquire two TAs.
Associate TAG to CORESETPoolIndex for multi-DCI based multi-TRP operation.
Support to increase the maximum number of TAGs and the corresponding bit width of TAG ID of TAC MAC-CE, e.g., maximum 8/16 TAGs and 3/4 bits TAG ID.
Suppose the TAT of TRP#1 is expired, the UE can initiate random access to obtain the TA and reset TAT for TRP#1 or transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 until the TAT of TRP#2 expires.
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5 Appendix
Table 1 Timing analysis for case 1.
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[bookmark: _Ref102061380]Table 2 Timing analysis for case 2.
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