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Introduction
In the RAN1#110bis-e meeting, it was agreed that TA acquisition of candidate cell(s) before cell switching is supported for L1/L2 based mobility. The mechanisms of TA acquisition and the association between TA and the candidate cells were discussed. The agreements are listed in related sections. 

In this contribution, we provide our views on the TA management in the mobility scenarios.

Discussion
Shorten the interruption time during the handover can reduce the latency of the RACH procedure for UL synchronization. If the uplink synchronization can be achieved before the handover procedure or before the interruption time, this part of latency for the mobility could be reduced. 

	Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)




Two category solutions are agreed for further study. RACH-based solutions are mainly based on the RACH procedure or PRACH to acquire the uplink timing. PDCCH ordered RACH depends on serving cell’s decision for the acquisition of TA of the candidate cells. Serving cell have the control when and which candidate cell the UE will send the PRACH to. But there should be a condition or event to let the serving cell know when and which cell the UE will send the PRACH. The targeted candidate cells could be based on the report from the UE. And the time instance for PRACH transmission should also depends on a certain event or requests from the UE. Because without any feedback from UE, the serving cell does not know where the UE is and whether a cell switching is needed. 

Observation 1:
The PDCCH ordered RACH depends on serving cell’s decision for TA acquisition. Then a certain event should be defined to trigger the PDCCH ordered RACH. 

Proposal 1:
When will the serving cell triggered the RACH transmission and which candidate cell would the RACH transmitted to should be discussed. 

UE triggered RACH depends on UEs’ measurement. If the condition is fulfilled, UE could trigger a PRACH transmission to the targeting cell. But this procedure should be differentiated from the legacy behavio of the Msg 1 for initial access. If all the preparation for UE L1/L2 mobility is ready, the UE triggered RACH has the most flexibilities. Since the UE have all the measurement results to decide which candidate cell is the best for the switching. 

Observation 2:
The UE has all the measurement information to decide which candidate cell for switching. Then UE-triggered RACH have the most flexibility. But how to differentiate it from the legacy initial access should be discussed. 

Proposal 2:
How to differentiate the UE triggered RACH for TA acquisition from the legacy initial access should be discussed. 

Both PDCCH ordered RACH and UE-triggered RACH can work. But the 3rd example of the RACH-based solutions is not clear. If the triggered RACH is from NW but other than L3 HO, it could a newly defined cell switching command for the L1/L2 mobility.

Proposal 3:
Higher layer triggered RACH from NW other than L3 HO command needs clarifications.

The examples in RACH-based solutions contains most cases that triggering the PRACH transmission. If the PRACH is sent, then the TA values should be sent back to the UE. There are two ways to send the TA values. One is that the TA values are transferred through the backhaul to the serving cell and then provided to the UE. The other way is that the candidate cell could send the TA values directly to the UE. For the 1st solution, the transmission delay over the backhaul may prevent the UE to get the TA values in time. And in the 2nd solution, candidate cells could send the TA values through the DL transmission. But the issue is that the UE may have to received and store many TA values, which may not be used in the end. And since no uplink synchronization is established, the UE cannot send a HARQ-ACK for the downlink transmission carrying the TA values. But for the 2nd solution, the backhaul delay is not a problem. 

Proposal 4:
The solutions of transmitting the TA values to the UE should be discussed. Two solutions should be considered.
· Option 1: TA values are transmitted by the serving cell to the UE, which may have some latency issue over the backhaul transmission.
· Option 2: The TA values are directly transmitted by the candidate cells, which may not have an acknowledgement from the UE for the accurate receiving.

The RACH-less solutions are mainly based on UE’s measurements to estimate the TA and TA updates to adjust the uplink timing. SRS based TA acquisition is similar to the RACH based transmission but replace the PRACH with SRS. The SRS could be triggered by the serving cell. And then the target cell could adjust the uplink TA according the reception of the SRS. The transmission timing could base on the DL reception timing of the target cell or an estimated TA. If the transmit timing of the SRS is the DL reception timing, which is similar as Msg 1 transmission, then the difference SRS and PRACH based TA acquisition is not much. If the transmission timing of the SRS is based on the estimated TA, then this scheme is similar to the RX timing difference based mechanism. 

Proposal 5:
The benefits of the SRS based TA acquisition should be further clarified, compared with the RACH based TA acquisition.

The Rx timing difference based mechanism is to estimate the timing advance of the candidate cell through the DL reception timing difference between the two cells. The candidate cell could adjust the TA after the first uplink transmission from the UE. The first transmission could be an SRS or PUSCH transmission. The benefit of the estimated TA is that the uplink transmission could be carried out without PRACH transmission or waiting for the TA indication from the target cell. But if the RACH based TA acquisition could also be optimized and without a large latency, then the benefit of the UE estimated TA is not that obvious. The drawback of this mechanism is that the estimated TA may not be accurate or may not be the same as the one indicated by the target cell. In some cases, the TA does not only include the propagation delay but also some latency due to the gNB implementations. And the performance of the first uplink transmission to the target cell would be limited due to the accuracy of the TA estimation. 

Observation 3:
UE based TA estimation could reduce the latency for uplink synchronization compared with legacy RACH procedure. But the performance depends on the accuracy of the TA estimation.

Proposal 6:
The benefits of the UE based TA estimation should be further clarified compared with the RACH-based solutions.

	Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration



In the two TAs under the multiple TRP scenario, the configuration of the two TRPs could be delivered to the UE with two TAs. All the configurations are from the serving cell and configured to the UE. The additional TA/TAG could associate with a configured TCI state. But in the mobility scenario, the UE only has the configuration of its current serving cell. All the configurations of the candidate cell are still unknown or not activated. The UE cannot directly associate the TA or TAG with some deactivated parameters and event implicitly. If the configuration of the candidate cell could be provided directly to the UE and serving cell. Then the UE could connect the TA or TAG directly to the parameters of the candidate cell. 

Proposal 7:
The Alt 2, associating TA/TAG and the candidate cell explicitly, is slightly preferred. 
Conclusions
In this contribution, we provide our views on the TA management in the mobility scenarios. The proposals are listed as below.

Observation 1:
The PDCCH ordered RACH depends on serving cell’s decision for TA acquisition. Then a certain event should be defined to trigger the PDCCH ordered RACH. 

Observation 2:
The UE has all the measurement information to decide which candidate cell for switching. Then UE-triggered RACH have the most flexibility. But how to differentiate it from the legacy initial access should be discussed. 

Observation 3:
UE based TA estimation could reduce the latency for uplink synchronization compared with legacy RACH procedure. But the performance depends on the accuracy of the TA estimation.


Proposal 1:
When will the serving cell triggered the RACH transmission and which candidate cell would the RACH transmitted to should be discussed. 

Proposal 2:
How to differentiate the UE triggered RACH for TA acquisition from the legacy initial access should be discussed. 

Proposal 3:
Higher layer triggered RACH from NW other than L3 HO command needs clarifications.

Proposal 4:
The solutions of transmitting the TA values to the UE should be discussed. Two solutions should be considered.
· Option 1: TA values are transmitted by the serving cell to the UE, which may have some latency issue over the backhaul transmission.
· Option 2: The TA values are directly transmitted by the candidate cells, which may not have an acknowledgement from the UE for the accurate receiving.

Proposal 5:
The benefits of the SRS based TA acquisition should be further clarified, compared with the RACH based TA acquisition.


Proposal 6:
The benefits of the UE based TA estimation should be further clarified compared with the RACH-based solutions.

Proposal 7:
The Alt 2, associating TA/TAG and the candidate cell explicitly, is slightly preferred.
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