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Introduction
In the RAN1#109e meeting, two TA for multiple DCI was discussed on the TA acquisition, TA updates, reference timing and others [1]. The detailed agreements are quoted in the related sections. 

In this contribution, we discussed the related issues about two TAs for UL multi-DCI for multi-TRP operation. 

Discussion
In the last meeting, it was agreed to support the enhancement on two TAs for UL multiple DCI for multiple TRP operation in Rel-18.
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.




Currently the UE could only support one TA at least for one carrier. But the UE could also support multiple TAs across multiple carriers. Unlike in the CA scenario, the carriers that have different TAs may have different RF chains. Those RF chains could work separately. But in the current two TAs under multiple TRP scenario, two TRP work under the same frequency. The UE should support two TAs in the same carrier using a same set of RF and IF unit. It is not clear whether this will put additional requirements for the realization of UEs. If the TA adjustment is related to the clock of UE, the retuning of the clock may require an additional process time between the switching between the TAs. If two TAs do not require to retune the clock, whether the UE can maintain two TAs and how to maintain the two TAs should be clarified. 

Proposal 1:
It should be clarified that if the two TAs put additional requirements on the UE realization, such as clock retuning, process time of switching between the two TAs , whether there are additional requirements for UE to maintain two TAs. 

If the realization of two TAs and UE to maintain two TAs updates is not an issue. Then tow TA command for the network is recommended. Since due to the movement of the UE, the TA updates to two TRPs would not be aligned. Then to facilitate the uplink transmission to two TRP, two TAC should be supported. 

Proposal 2:
Two TACs could be supported to maintain the TAs between UE and two TRPs, considering the TA updates to both TRP may not be aligned.

It is possible for UE to derive the 2nd TA of the 2nd TRP. But the estimated TA by UE may not accurate enough for uplink transmission. An initial uplink transmission based on the estimated TA could be scheduled by the 2nd TRP. And the 2nd TRP could update the TA based on the initial transmission of the UE.

Observation 1:
UE derived 2nd TA is workable. And the TA could be updated by the 2nd TRP based on the initial transmission of UE.

In the discussion above, if there is no difficulty for UE to realize two TAs, separated TA updates is recommended. An agreement had been achieved in the last meeting for the identification of two TAs.
	Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell




Two alternatives are considered. One is two TAs associated with two TAGs. The update of single TA is identified by the TAG. In this situation, the TAs could be updated according to the different TAG. Each TA could have its separated updates and adjustment. And the current procedure and MAC CE for TA update could be reused. The 2nd alternative is two TAs within one TAG. Since current procedure is to update the TA according to the TAG id, the 2nd alternative would introduce further mechanism about how to identify the two TAs within one TAG for the TA update. 

Proposal 3:
Considering to reuse current procedure of TA update, the Alt 1 which is to configure two TAGs within a serving cell is preferred.

In Rel-17 mTRP discussion, it was considered that the uplink transmission could work properly with one single TA under two TRPs. But if the timing between the two TRPs are not aligned and the difference between the propagation delay of two TRPs cannot be ignored or covered by CP, then two TAs are needed. Considering above reasons, the DL timings of two TRPs should also different. As illustrated in the figure below, due to different propagation delays, TRP1 and TRP2 have their own reference timings and TA values. 
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Figure 1 Reference timing and TAs in mTRP scenario
One or two reference timing was discussed and an agreement was achieved.
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 




In the DL transmission, the UE should follow the DL timing for receiving and measurements. And the uplink transmission should also follow the same timing and calculate the timing advance. Theoretically the TA value should equal to two folds of the propagation delay. In single TRP scenario, the TA is based on the single TRP’s reference timing. And if the propagation delay of the 2nd TRP is different, as discussed above, the reference timing and the 2nd TA from the 2nd TRP should be also different. If the UE has the capability to maintain two reference timings, it could facilitate to reuse the legacy defined TA, such as the 2nd TA in Figure 1, which should be indicated by the TRP2. But in the M-DCI mTRP scenario, the scheduling of one UE from two TRPs are independent. The scheduling timeline could cross between the two TRPs. As in Figure 2, the UE would receive the 2nd DCI from TRP#2, in which the reference timing should follows the DL of TRP#2. Then the UE should transmit the PUSCH#1 according to the scheduling from TRP1. If the UE cannot switch the reference timing from TRP#2 to TRP#1 in time, the UE cannot reuse the traditional TA as illustrated in Figure 1. 
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Figure 2 The crossed scheduling timeline between two TRPs

Proposal 4: 
Two reference timings should be considered in the mTRP scenario, considering that the two TAs are induced by different propagation delays. 

Proposal 5:
It should discuss the impact of the two reference timings to the uplink transmission.

In Rel-17, the multiple DCI under mTRP was assumed with non-ideal backhaul connections. And the collisions between two PUSCHs scheduled by two DCIs are not allowed. It is means that although the coordination between the TRPs is slow due to non-ideal backhaul, but there still needs coordination between the two TRPs because UEs are not expected to be scheduled with the overlapped time domain resources. This put additional requirements or the more limitations to the gNBs’ scheduling.

When only one TA is used for the two TRPs transmission, gNBs should try to schedule the UE with different time domain resources. But if two TAs are considered, the overlapping due to different TAs should be taken into account. Currently, in the specification, when two slots are overlapped due to different TAs, the latter slot is reduced in the duration relative to the former slot. 

Proposal 6:
It is proposed to discussed the overlapped transmission issues under the mTRP with two TAs. The legacy mechanisms could be a starting point.

Conclusions
In this contribution, we discussed the related issues about two TAs for UL multi-DCI for multi-TRP operation. The proposals are listed as below.

Observation 1:
UE derived 2nd TA is workable. And the TA could be updated by 2nd TRP based on the initial transmission of UE.

Proposal 1:
It should be clarified that if the two TAs put additional requirements on the UE realization, such as clock retuning, process time of switching between the two TAs and whether there are additional requirements for UE to maintain two TAs. 

Proposal 2:
Two TACs could be supported to maintain the TAs between UE and two TRPs, considering the TA updates to both TRP may not be aligned.

Proposal 3:
Considering to reuse current procedure of TA update, the Alt 1 which is to configure two TAGs within a serving cell is preferred.

Proposal 4: 
Two reference timing should be considered in the mTRP scenario, considering that the two TAs are induced by different propagation delay. 

Proposal 5:
It should discuss the impact of the two reference timings to the uplink transmission.

Proposal 6:
It is proposed to discussed the overlapped transmission issues under the mTRP with two TAs. The legacy mechanisms could be a starting point.
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