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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on further NR mobility enhancement [1] includes the following RAN1-centric objectives:
	· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]


In this contribution, we will discuss the potential issues of current timing advance mechanism for supporting L1/L2 based inter-cell mobility for mobility latency reduction and then identify the potential enhancements needed for timing advance management. 
2. Discussion on TA management of LTM
The current 38.213 specification specifies the priority order for transmission power reduction. In the case of single-carrier with two UL carrier or carrier aggregation, the UE allocates the power to UL transmissions PUSCH/PUCCH/PRACH/SRS according to the priority order. Per the specification in 38.213, the priority order is:
	the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to Pcmax:
- PRACH transmission on the PCell
- PUCCH or PUSCH transmissions with larger priority index
- For PUCCH or PUSCH transmissions with same priority index
- PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with
HARQ-ACK information of the priority index
- PUCCH transmission with CSI or PUSCH transmission with CSI
- PUSCH transmission without HARQ-ACK information of the priority index or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
- SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell


The issue of current specification is if the PRACH to a candidate cell is configured on PCell, this PRACH transmission would have the highest priority. It would have higher priority over all the other uplink transmission in the serving cell. That is not right since the PRACH transmission to a candidate cell should not override the PUSCH/PUCCH/SRS transmission to the serving gNB. Therefore, when a PRACH to a candidate cell is configured in PCell, the PRACH should still have lowest priority. 

Proposal 1: In the prioritization of transmission power reduction, the PRACH to a candidate cell has lowest priority no matter whether the PRACH is on the PCell or other serving cell.
For LTM, PDCCH ordered PRACH is used to obtain the TA of one candidate cell. Since the UE does not receive RAR for a PDCCH ordered PRACH to a candidate cell, 1-bit field in the DCI is used to explicitly indicate whether the trigged PRACH transmission is initial transmission or retransmission.
	Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a 1-bit field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH, FFS
· 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
· whether/how to reset the counter


The PRACH transmission might not go through due insufficient transmit power or interference. When that happens, the gNB can send DCI with that bit setting to retransmission to indicate the UE to retransmit the PRACH preamble. The SSB selection is also indicated by the DCI. If the SSB selection is different from previous selection, the UE can increase the power with the value of power ramping. In the current specification, the parameter PREAMBLE_POWER_RAMPING_COUNTER is used to control the UE transmit power ramping for PRACH preamble transmission. For the PDCCH ordered PRACH of LTM, the same parameter can be reused. When the 1-bit field in DCI indicate transmission of PRACH preamble and the SSB selection indicated by the DCI is same to previous selection, the UE can increment PREAMBLE_POWER_RAMPING_COUNTER by 1 and then calculate the preamble received target power according to the updated PREAMBLE_POWER_RAMPING_COUNTER. However, if the SSB selection indicated by the DCI is different from previous selection, the UE does not increment the PREAMBLE_POWER_RAMPING_COUNTER by 1.
Proposal 2: For the PDCCH ordered PRACH to a candidate cell, when the 1-bit field in PDCCH order DCI indicates a retransmission of PRACH preamble:
· If the SSB indicated by the DCI is same to previous selection, the UE increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
· If the SSB indicated by the DCI is different from previous selection, the UE does not increment PREAMBLE_POWER_RAMPING_COUNTER.
When the DCI indicates an initial PRACH transmission, the UE shall reset the counter to one to start a new PRACH transmission procudre.
Proposal 3: For the PDCCH ordered PRACH to a candidate cell, when the 1-bit field in PDCCH order DCI indicates an initial transmission of PRACH preamble, the UE sets PREAMBLE_POWER_RAMPING_COUNTER to 1.
The PRACH transmission to a candidate cell is triggered by a DCI. Even though the error rate of PDCCH reception is low, there is still slight chance that the DCI of initial PRACH preamble is lost and not received by the UE. When that happens, the gNB would not receive the PRACH preamble transmission and would send another DCI with the 1-bit indicating retransmission to trigger the PRACH preamble retransmission. 
Proposal 4: For the PDCCH ordered PRACH to a candidate cell, when the UE receives one DCI indicating retransmission but did not receive DCI indicating initial transmission before that, the UE can set PREAMBLE_POWER_RAMPING_COUNTER to 1 and then increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
The PDCCH ordered PRACH to a candidate cell might be configured on the serving cell other than any current serving cells. It is up to UE capability to support parallel transmission of PRACH on non-serving cell and the UL transmission on serving cells. 
	Agreement
· For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell(including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
· PRACH transmission 
· PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
· SRS transmission
· Any other PUCCH/PUSCH transmission
· Down-select the UE behavior in this case
· Alt 1: Dropping rule is needed 
· Alt 2: up to UE implementation 


If UE does not support simultaneous transmission of PRACH transmission on a candidate cell other than current serving cell and the UL transmission on serving cells, a time gap between the PRACH transmission and the UL transmission of serving cell shall be defined so that the UE has sufficient time to tune the transmit chain between the transmission of PRACH to candidate cell and UL transmission of serving cell. There shall be a time gap before and after the PRACH transmission and the length of time gap can be reported in UE capability reporting.
[bookmark: _Hlk142250907]Proposal 5: There shall be a time gap before and after the PRACH transmission on a cell other than any current serving cell and the length of time gap, N symbols, shall be reported in UE capability.
As in the previous agreement, the UE behavior for the case of PRACH transmission overlapping with UL transmission on serving cell is FFS. Instead of defining complicated dropping rule, we prefer to leave it up to UE implementation. 
[bookmark: _Hlk142251086]Proposal 6: When PRACH to a candidate cell other that current serving cell overlaps with any UL transmission on serving cell, it is up to UE implementation to drop the PRACH transmission or UL transmission on serving cell. 
The working assumption of UE-based TA measurement was confirmed and other impacts on RAN1 spec is FFS:
	Agreement
Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism
Working Assumption
From RAN 1 perspective, 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


To obtain the TA of one candidate cell, the UE can first measure the following values: the DL timing of serving cell, the DL timing of candidate cell that can be measured from the SSB or CSI-RS resource of that candidate cell and the TA value of the current serving cell. Assume the candidate cell and the serving cell are synchronized, the TA of that candidate cell would be the TA value of the current serving cell being offset by the difference between the DL timing of serving cell and the DL timing of the candidate cell. If the candidate cell and serving cell are not synchronized, the offset between DL timing of the serving cell and the candidate value shall be provided to the UE so that the UE can compensate that in the calculation of TA of the candidate cell. On the other hand, instead of calculating the TA of candidate cell at the UE side, the UE can report the information of measured DL timing of the candidate cell to the system and the system then can calculate the TA of the candidate cell. In summary, we can consider two different options for this mechanism:
· Option 1: the UE measures the DL timing of one candidate cell and reports the measured DL timing of the candidate cell to the serving cell.  Since the system has the information of DL timing offset between the serving cell and the candidate cell, the system can calculate the offset of TA for the candidate cell with respect to the TA value of the serving cell for that UE. 
· Option 2: the UE measures the DL timing of one candidate cell and then calculate the TA value of that candidate cell based on the current TA value of the serving cell. To support this option, the system needs to provide timing offset between the DL timing of the serving cell and the candidate cell to the UE if they are not time synchronized. 
Option 2 is preferred over option 1 since in option 2, the UE can keep updating the TA of the candidate cell without any extra configuration information from the system if the timing offset between serving cell and candidate cell does not vary. However, in option 1, the UE would have to keep reporting the information of DL timing of the candidate cell and the system needs to provide updated TA value to the UE accordingly when the UE moves. Therefore, we propose to support option 2.
[bookmark: _Hlk125575744]Proposal 7: To support the UE-based TA measurement, specify the following functions:
· The system provides the UE with the Tx time difference between the serving cell and one candidate cell.
· The UE reports whether it has a valid TA value of the candidate cell to the system through a MAC CE.
3. Conclusions
In this contribution, we investigate the issues of TA management for LTM. Accordingly, the following proposals were made:
Proposal 1: In the prioritization of transmission power reduction, the PRACH to a candidate cell has lowest priority no matter whether the PRACH is on the PCell or other serving cell.
Proposal 2: For the PDCCH ordered PRACH to a candidate cell, when the 1-bit field in PDCCH order DCI indicates a retransmission of PRACH preamble:
· If the SSB indicated by the DCI is same to previous selection, the UE increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
· If the SSB indicated by the DCI is different from previous selection, the UE does not increment PREAMBLE_POWER_RAMPING_COUNTER.
Proposal 3: For the PDCCH ordered PRACH to a candidate cell, when the 1-bit field in PDCCH order DCI indicates an initial transmission of PRACH preamble, the UE sets PREAMBLE_POWER_RAMPING_COUNTER to 1.
Proposal 4: For the PDCCH ordered PRACH to a candidate cell, when the UE receives one DCI indicating retransmission but did not receive DCI indicating initial transmission before that, the UE can set PREAMBLE_POWER_RAMPING_COUNTER to 1 and then increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
Proposal 5: There shall be a time gap before and after the PRACH transmission on a cell other than any current serving cell and the length of time gap, N symbols, shall be reported in UE capability.
Proposal 6: When PRACH to a candidate cell other that current serving cell overlaps with any UL transmission on serving cell, it is up to UE implementation to drop the PRACH transmission or UL transmission on serving cell. 
Proposal 7: To support the UE-based TA measurement, specify the following functions:
· The system provides the UE with the Tx time difference between the serving cell and one candidate cell.
· The UE reports whether it has a valid TA value of the candidate cell to the system through a MAC CE.
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