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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 of candidate cell
About PDCCH ordered RACH to acquire TA of candidate cells in LTM, the following pertinent agreements were made in RAN1#112-bis:
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.

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


When the reception of RAR of PDCCH ordered RACH is not configured, the UE autonomous retransmission of PRACH preamble is not allowed. As we agreed, the power ramping is indicated by the PDCCH order DCI. To support that, the DCI can indicate the order of transmission of PRACH preamble. For that, one field in DCI can indicate the index of each transmission. For example the value of this field being n indicates that the PRACH preamble transmission is the (n+1)-th transmission.
Proposal 1: When the reception of RAR of PDCCH order RACH to a candidate cell is not configured, the PDCCH order DCI can include one bit field that indicates the order of each PRACH transmission and the value of this field being n indicates the (n+1)-th PRACH transmission.
It was agreed to study the power priority issue of PDCCH-order PRACH transmission towards a candidate cell:
	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 PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission


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, which is specified in 38.213. In our view, the PRACH to a candidate cell shall have lower priority. The reason is the PRACH transmission to a candidate cell shall have minimal impact on the UL transmission in current serving cell. 
Proposal 2: The RACH transmission to a candidate cell has lowest priority in uplink power allocation. 
Regarding the content of RAR, we had the following agreement:
	Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 



In current spec, the MAC subheader of RAR contains the RAPID (random access preamble ID) and the MAC payload for RAR contains the TA command, UL grant and temporary C-RNTI. After the UE decodes the RAR, the UE checks if the RAPID in RAR matches the preamble assigned to the UE. For RACH to a candidate cell,  the triggering DCI indicates the preamble index and the indicator of one candidate cell. When the UE receives the RAR, the UE should check if the RAPID and also cell indicator match the preamble and candidate cell assigned to the UE. Thus, the RAR should indicate an indicator of the candidate cell. To save the overhead of payload for that, the RAR can indicate an indicator of one candidate cell, instead of the physical cell ID of the candidate cell.
Proposal 3: The RAR for a RACH to a candidate cell in LTM shall indicate an indicator of the candidate cell. 
When the UE receives RAR of a PDCCH ordered RACH to a candidate cell, the UE can store the TA conveyed in the RAR. However, the UE can not assume that this TA will be valid for ever. The UE shall assume this TA value will expires after a given time duration, which can be configured by the system.
Proposal 4: The UE can assume that the TA of one candidate cell received in RAR will expire after a given time duration. 
Working assumption on UE-based TA measurement was reached in last meeting:
	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


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 5: Confirm the WA and support the UE to calculate the TA of one candidate cell based on measuring the DL timing of the candidate cell
· The system provides the Tx time difference between the serving cell and the candidate cell.
· The UE reports whether it has a valid TA value of the candidate cell to the system.
3. Conclusions
In this contribution, we investigate the issues of TA management for LTM. Accordingly, the following proposals were made:
Proposal 1: When the reception of RAR of PDCCH order RACH to a candidate cell is not configured, the PDCCH order DCI can include one bit field that indicates the order of each PRACH transmission and the value of this field being n indicates the (n+1)-th PRACH transmission.
Proposal 2: The RACH transmission to a candidate cell has lowest priority in uplink power allocation. 
Proposal 3: The RAR for a RACH to a candidate cell in LTM shall indicate an indicator of the candidate cell. 
Proposal 4: The UE can assume that the TA of one candidate cell received in RAR will expire after a given time duration. 
Proposal 5: Confirm the WA and support the UE to calculate the TA of one candidate cell based on measuring the DL timing of the candidate cell
· The system provides the Tx time difference between the serving cell and the candidate cell.
· The UE reports whether it has a valid TA value of the candidate cell to the system
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