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Introduction
1. 
In this paper, we share our views on the timing advance (TA) management in LTM. The rest of this paper are structured as follows. Potential TA acquisition mechanisms before cell switch command are discussed in section 2. Conclusions are made in section 3.
TA acquisition mechanisms
To acquire the TA of candidate cell before cell switch command is received, candidate solutions are categorized as: RACH-based solutions and RACH-less solutions. Some remaining issues of both solutions are still under discussion and we will share our further views on details of both solutions in this section.
Remaining issues on RACH-based solution 
1. RAR reception issue
In last meeting, it was agreed that for both intra-DU and inter-DU scenarios, RAR is received from serving cell:
	Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 
Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues



For the inter-DU case, when RAR is configured as present and received from serving cell, there was an FFS on the RA response window. In inter-DU scenario, it may be challenging for source cell to transmit RAR within legacy RAR window, which can start as early as one symbol after the last symbol of the PRACH occasion and last as long as 10ms in licensed band. In inter-DU case, high layer signalling is required to inform the preamble reception results from candidate cell DU to serving cell DU. This high layer signalling could be carried by F1-AP from candidate cell DU to CU, and then from CU to serving cell DU. These higher layer signalling exchange procedures itself may take a delay as long as about 10ms. 
To solve this issue for RAR reception in inter-DU scenario, one potential solution is to extend the candidate value set of ra-ResponseWindow like the extension for 2-step RACH and shared spectrum channel access in Rel-16. Input from RAN2/3 is required to determine which candidate values to be add to the ra-ResponseWindow. Additionally, how UE determine the RA-RNTI and LSB of SFN according to RO in candidate cell(s) should also be investigated. Alternatively, it is also possible to indicate the RA response (absolute TA for candidate cell) via a dedicated MAC CE. Such MAC CE can be conveyed in the PDSCH of serving cell which is scheduled by PDCCH with CRC scrambled by C-RNTI in USS. In such case, the RAR window originally used by UE to monitor PDCCH in type 1 CSS is not necessary anymore. Consider the uncertain arrival timing of RAR, UE autonomous re-transmission of PRACH should also be switched off similar as the case when RAR reception is not configured. 
Proposal 1: When reception of RAR is configured, using a new MAC CE scheduled by PDCCH with CRC scrambled by C-RNTI to indicate the response of PRACH towards candidate cell.
Since the RA response is sent by serving cell, UE continues the reception/transmission in the serving cell after transmitting the PRACH towards candidate cell. It is possible that serving cell trigger a 2nd PRACH towards different candidate cell from the 1st PRACH before UE receive the response corresponding to the 1st PRACH. From UE perspective, the RA response might correspond to either 1st or 2nd PRACH, since there is no timeline limitation and response window. From NW perspective, serving cell may not receive TA corresponding to each triggered PRACH from candidate cell considering potential PRACH detection failure. To solve this issue, an identification for candidate cell the TA associated with should be carried in the RA response message from serving cell.
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Figure 1: An example of UE receiving Msg1 response from serving cell

Proposal 2: In additional to TA information, an identification of candidate cell the TA associated with should be carried in RA response message from serving cell.
2. Power control for PRACH
The power ramping of PRACH was discussed when reception of RAR is configured and following agreement was made:
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control



It is still possible that the first preamble transmission failed due to the limited coverage of the Msg1. To successfully acquire TA, Network can trigger UE to transmit the preamble again with power ramping. To make the PDCCH be able to indicate the re-transmission, a new field can be introduced to either differentiate initial transmission and re-transmission or indicate accumulative re-transmission times. In current DCI format 0_1, when it is using for PRACH triggering, there are 12 bits as reserved. Hence there is no big impact to the DCI format and it is compatible to legacy UEs for both mechanisms. However, the power ramping is a mechanism for UE to calculate its preamble transmission power based on previous transmission. Therefore it is meaningless to indicate UE the retransmission number. The simpler solution is using 1 bit to differentiate initial transmission and re-transmission. Upon receiving a PDCCH ordered PRACH which indicated as re-transmission, UE will increase the power with the value of power ramping configuration unless the max allowed power is achieved. 
Proposal 3: Use one reserved bit in PDCCH order to indicate whether the PRACH is initial transmission or retransmission. UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved.

3. PRACH transmission overlapped with other transmission
For PDCCH-order based PRACH for candidate cell, the issues on power reduction and prioritization rule were discussed: 
	Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PRACH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission


In current specification, prioritizations for transmission power reductions was specified in TS 38.213 section 7.5. The UE allocates transmit power for PUSCH/PUCCH/PRACH/SRS transmissions according to the priority order so that the total UE transmit power for simultaneous transmissions on multiple serving cells in the frequency range is smaller than or equal to . The PRACH transmission on the PCell got a highest priority while the PRACH transmission on a serving cell other than the PCell got the lowest priority. The reason to prioritize the PRACH on PCell is to ensure the reliability for BFR/UL re-sync, which is essential to maintain a link. In LTM, the PRACH is towards candidate cell(s) for TA acquisition, which can be lowest priority similar as those on serving cells other than PCell.
Proposal 4: For the issue of prioritizations for transmission power reductions, a PRACH transmission to a LTM candidate cell can be treated as the PRACH transmission on a serving cell other than the PCell, which is set as the lowest priority.
RAN4 has agreed that simultaneous transmission with multi-panels (STxMP) should not be assumed for Rel-18 LTM. Therefore, the PRACH transmission to candidate cell(s) overlapping with UL transmission(s) in serving cell cannot be dealt with multi-panel operation. In LTM, the PRACH is triggered by serving cell and NW is aware of PRACH resource location. Serving cell DU can avoid scheduling UL transmission in serving cell on the time resources overlapped with the PRACH resources for candidate cells. As for the preconfigured UL transmission in the serving cell, such as P-SRS and configured grant PUSCH, similar rule as that in Rel-16 DAPS operation in a same frequency band can be adopted. A UE does not transmit PUSCH/PUCCH/SRS to the source MCG in a slot overlapping in time with a PRACH transmission to the target MCG. 
Proposal 5: The overlapping of PRACH to candidate cell(s) and dynamic scheduled UL transmission in serving cell(s) can be avoided by NW implementation. PRACH to candidate cell(s) should be prioritized over preconfigured UL transmission in serving cell(s).

On RACH-less solutions
1. Remaining issue for LTE RACH-less like TA acquisition solution
Regarding the RACH-less mechanism as in LTE, it was discussed in the last meeting and majority companies support the following FL proposal. 
	Proposal 2-1 (proposed conclusion): RACH-less mechanism as in LTE can be supported by indicating TA=0 or the latest TA value of the source cell in the cell switch command.
Note: this doesn’t mean to preclude TA values other than 0 and the latest TA value of the source cell.



There are two possible TA values: 0 and the latest TA value of the source cell. How to indicate the latest TA value of the source cell in CSC is still not clear for this case. As discussed in AI 9.10.1, the cell switch command can include the TA value for the case that RAR reception is not configured. Such design can be reused for this RACH-less mechanism as in LTE case, i.e. a TA value equals to 0 or the latest TA value of the serving cell can be included in the cell switch command.
Proposal 6: For the RACH-less mechanism, TA value equals to 0 or the latest TA value in the serving cell can be indicated in the cell switch command.

2. UE based TA acquisition solution
In RAN1#112 meeting, there was a working assumption on the UE based TA measurement solution:
	Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec



When UE performing the L1 measurement in LTM, the reference signal timing difference (RSTD) may be derived by the UE based on the measurement on SSBs of serving cell and candidate cell. UE may determine the TA of candidate cell from the serving cell TA and RSTD, and apply to the UL transmission after cell switch directly. There are three sources contributing to TA estimation error for the candidate cell. Firstly, the UE may have DL synchronization errors for both serving cell and candidate cells. In addition, the RSTD defined in positioning is based on PRS which have larger bandwidth to provide better estimation accuracy compare to SSB. Secondly, the estimation of DL Tx timing between serving cell and candidate cells may be difficult. It can be as long as 3 us according to RAN4 spec even for synchronous deployment. It is usually difficult to measure such error by gNB itself. Thirdly, the TA for the candidate cell is derived from the serving cell TA, which has estimation error itself. Thus, further evaluation is required to see whether the accuracy of TA estimation from RSTD can meet the RAN4 requirement on UL synchronization. 
Observation 1: Regarding the UE-based TA measurement mechanism, the accuracy of TA estimation by UE should be evaluated/studied considering the UE derived TA will be used for the potential UL data transmission in the new serving cell after cell switch. 
It is risky to allow UE directly use the TA derived by itself to transmit UL data. If the aggregated error of the UE derived TA exceed the CP, it may cause UL performance degradation due to ICI/ISI at target cell receiver. To refine the TA acquired by UE before cell switch, an AP-SRS can be transmitted to the target cell after cell switch. The TA derived by UE before cell switch can be used to transmit the SRS considering its robustness to UL asynchronization. Target cell can further update the TA based on the measurement of SRS. 
Proposal 7: The TA derived by UE itself before cell switch can only be used to transmit SRS after cell switch to further refine the UL synchronization for PUSCH/PUCCH in the target cell. 

Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: Regarding the UE-based TA measurement mechanism, the accuracy of TA estimation by UE should be evaluated/studied considering the UE derived TA will be used for the potential UL data transmission in the new serving cell after cell switch. 
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Proposal 1: When reception of RAR is configured, using a new MAC CE scheduled by PDCCH with CRC scrambled by C-RNTI to indicate the response of PRACH towards candidate cell.
Proposal 2: In additional to TA information, an identification of candidate cell the TA associated with should be carried in RA response message from serving cell.
Proposal 3: Use one reserved bit in PDCCH order to indicate whether the PRACH is initial transmission or retransmission. UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved.
Proposal 4: For the issue of prioritizations for transmission power reductions, a PRACH transmission to a LTM candidate cell can be treated as the PRACH transmission on a serving cell other than the PCell, which is set as the lowest priority.
Proposal 5: The overlapping of PRACH to candidate cell(s) and dynamic scheduled UL transmission in serving cell(s) can be avoided by NW implementation. PRACH to candidate cell(s) should be prioritized over preconfigured UL transmission in serving cell(s).
Proposal 6: For the RACH-less mechanism, TA value equals to 0 or the latest TA value in the serving cell can be indicated in the cell switch command.
Proposal 7: The TA derived by UE itself before cell switch can only be used to transmit SRS after cell switch to further refine the UL synchronization for PUSCH/PUCCH in the target cell. 
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