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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. In this contribution, we mainly discuss the remaining issued on the enhancements for timing advance for L1/L2 triggered inter-cell mobility (LTM).
2. Initial TA acquisition of candidate cells
2.1 PDCCH ordered RACH without RAR
In the previous RAN1 meeting, the following agreement below was made.
	Agreement
when a PDCCH order is sent for a candidate cell, 
· The bit size of N in DCI format 1_0 for cell indicator is determined by the number (e.g., C) of configured candidate cells with RACH configuration provided for early TA acquisition, the following alternative is supported:
· Alt 2: N=
· The number of cells used to calculate the bit width is the number of candidate cells with RACH configuration provided for early TA acquisition + 1 (serving cell)


Based on the agreement above, to acquire TA of a candidate cell, PDCCH ordered RACH without RAR is triggered by the field of cell indicator in a PDCCH order indicating candidate cell, and to acquire TA of a serving cell, legacy PDCCH ordered RACH (i.e., with RAR) is triggered by the field for cell indicator in a PDCCH order indicating a certain value for serving cell (e.g., all 0). On the other hand, in current spec., this behaviour to distinguish from legacy behaviour is not specified clearly. Thus, we propose
Proposal 2.1
Adopt the following TP for TS 38.212.
	[bookmark: _Hlk146808083]7.3.1.2.1	Format 1_0
[…]
-	Cell indicator – bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter EarlyUlSyncConfig, where C is the number of candidate cells configured with higher layer parameter EarlyUlSyncConfig. If the value is all zero, this field indicates the serving cell; 0 bit otherwise.
[…]



Moreover, to acquire TA of a candidate cell configured as current serving cell (i.e., current SCell), which method (i.e., with RAR or without RAR) is used is not clear. Thus, we should further discuss it. We can consider two alternatives below.

Alt1: Always use legacy PDCCH ordered RACH
Method: Not configure EarlyULSyncConfig for a candidate cell configured as current serving cell (i.e., to acquire TA of a candidate cell configured as current serving cell, the field for cell indicator in a PDCCH order always indicates all zero for serving cell). 
Alt2: Use both legacy PDCCH ordered RACH and PDCCH ordered RACH without RAR
Method: Indicate by the field for cell indicator in a PDCCH order (e.g., all zero: legacy PDCCH ordered RACH; candidate cell index: PDCCH ordered RACH without RAR)

In our view, both alternatives will work, but we have made the previous agreement noted definition of candidate cells is up to RAN2 (i.e., candidate cell includes current serving cell), and in R18 LTM, shortening latency lead by acquisition of TA is important to avoid missing properly timing of cell switch. Thus, we propose Alt2.
Proposal 2.2
For PDCCH ordered RACH of candidate cell configured as current serving cell, both legacy PDCCH ordered RACH and PDCCH ordered RACH without RAR can be used.
· Whether to use legacy PDCCH ordered RACH or PDCCH ordered RACH without RAR is indicated by the field for cell indicator in a PDCCH order.

Another issue is the gap between PDCCH order and PRACH transmission on a candidate cell. There is the reply below from RAN4 in R4-2314454. 
	In RAN4 #107 and #108 meeting, RAN4 has discussed the existing time components in RAN1 spec to check whether additional latency is needed. RAN4 confirmed that final delay requirements of PDCCH ordered RACH will be captured in RAN1 spec as legacy, and RAN4 sincerely asks RAN1 to consider potential spec update based on RAN4’s following feedback.
RAN4 feedback:
For the need for any update is required to ΔBWPSwitching, ΔDelay,
· For ΔDelay: RAN4 has agreed to not change the component.
· For ∆BWPSwitching: It is not needed.
For the need for additional latency, RAN4 agreed to introduce new additional delay components at least for SSB based T/F tracking (TSSB) and RF and/or BB preparation and retuning (∆RF/BB_preparation ). The additional delay components introduced are clarified as follows: 
TSSB:
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet UL transmission timing requirements, that is, TSSB = 0.
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.
· Otherwise, TSSB is needed, and the value is FFS.
∆RF/BB_preparation:
· [bookmark: _Hlk143837117]For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation is FFS.
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability). 
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is FFS
    
For any impact/interruption on UL Tx and/or DL Rx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH, RAN4 is still discussing.


Based on the reply, RAN1 should enhance the time gap between PDCCH order and PRACH transmission on a candidate cell in RAN1 spec.

Proposal 2.3
Adopt the following TP for TS 38.213.
	8.1	Random access preamble
[…]
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to ∆RF/BB_preparation msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change or if cell indicator field in PDCCH order indicates a non-serving cell, and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
-  is for SSB based time and frequency tracking, if cell indicator field in PDCCH order indicates a non-serving cell.
- TSSB = 0, if TCI state of indicated non-serving cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms.
- TSSB = FFS, if SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the indicated non-serving cell, when the measurement period of L1-RSRP is no longer than 160ms.
- TSSB = FFS, ootherwise.
-  ∆RF/BB_preparation is for RF and/or BB preparation and retuning, if cell indicator field in PDCCH order indicates a non-serving cell.
- ∆RF/BB_preparation = FFS, if PRACH bandwidth of indicated non-serving cell is within active UL BWP.
- ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability), if PRACH bandwidth of indicated non-serving cell is outside active UL BWP but within one of configured UL BWPs of any active serving cell.
- ∆RF/BB_preparation = FFS, if PRACH bandwidth of indicated non-serving cell is not within any of the configured UL BWPs of any active serving cell.
For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .



2.2 UE-based TA measurement
In RAN1#113 meeting, UE-based TA measurement was supported as below.
	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



And there is the reply below from RAN4 on the feasibility of UE-based TA measurement.
	Due to TAE, DL timing estimation error (of both serving and target cell), serving cell TA resolution error and TA adjustment error, though UE may be able to derive the TA, the actual UL Rx timing error at the target gNB may be larger than CP and may cause performance degradation at the gNB. 
However, in some specific scenarios, for example, in FR1, where the TAE between serving cell and candidate cell is within 260ns, UE may be able to derive the TA based on UE based TA measurement and may meet the UL transmit timing requirements under good SNR condition and may not cause any performance degradation at the gNB.  
Note: TAE of 260ns corresponds to Intra-band contiguous carrier aggregation, where the CC are collocated.


Based on the situation above, we should focus on the synchronized case between current serving cell and candidate cells to make UE-based TA measurement work for all frequency bands. 
Observation 2.1
For UE-based TA measurement, it is beneficial to focus on the synchronized case between current serving cell and candidate cells.

On the other hand, to make UE based TA measurement work for synchronized case, we should further discuss details of it. Thus, we analyse it below. Procedure of UE-based TA measurement in our assumption is shown in Figure 1. 

[image: ]
[bookmark: _Hlk126670112]Figure 1: Assumed procedures of UE-based TA measurement.

Firstly, for UE-based TA measurement, it needs to be considered when to perform it. NW needs to know whether UE-based TA measurement is performed or not for a candidate cell (i.e., NW needs to know whether UE has available TA for a candidate cell.).  If NW cannot know it, there are two problems below.

(1) Even if UE already obtains TA of target cell by UE-based TA measurement, NW may trigger PDCCH ordered RACH without RAR to acquire TA of target cell. It causes a duplication of TA acquisition of target cell which means there is no benefit of UE-based TA measurement.

(2) According to current spec., if cell switch command MAC CE does not contain TA of target cell, RACH-based LTM is triggered which means there is no benefit of UE-based TA measurement because RACH for target cell is needed after reception of cell switch command MAC CE.

Thus, NW needs to know at least whether UE-based TA measurement is performed or not for a candidate cell. To solve each problem, we can consider some methods below for each problem.

For (1),
(1-A) If ueMeasuredTA is provided, UE-based TA measurement is periodically performed for configured candidate cells.
	It is not efficient if UE-based TA measurement is periodically performed for non-target cells. In addition, it requires UE to maintain TA for each candidate cell, which increases UE complexity. Thus, this method is not preferred.
(1-B) If UE-based TA measurement is performed, UE reports related information (e.g., candidate cell ID, TA value) to NW.
	The benefit of UE-based TA measurement is to avoid signalling exchange between NW and UE for TA acquisition and to avoid the latency brought by signalling exchange. However, this method mitigates the benefits of UE-based TA measurement which is also not preferred.
(1-C) NW triggers UE-based TA measurement by a signal including related information (e.g., candidate cell ID)
	This method is more efficient, and the key point is which signalling should be used for this purpose, e.g., to define new signalling or to reuse legacy signalling. 

Observation 2.2
It is beneficial to consider NW triggers UE-based TA measurement by a signal including related information (e.g., candidate cell ID).

Regarding the detailed signaling to trigger UE based TA measurement, it is preferred to reuse legacy signaling. For this signal, the requirement is to trigger UE-based TA measurement for the potential target cell and contain the indicator of a candidate cell for which UE-based TA measurement should be performed. To meet the requirement, we can consider following alternatives.

Alt1: Candidate TCI state activation/deactivation MAC CE, 
Alt2: Absolute TAC MAC CE on serving cell.
Alt3: LTM Cell Switch Command MAC CE

Regarding Alt1, no further enhancement is needed, and the MAC CE can be used for both purposes simultaneously. On the other hand, regarding Alt2, it can work if “R” bit is used to indicate candidate cell indicator. However, Absolute TAC MAC CE on serving cell may be not efficient to trigger UE-based TA measurement because it is not clear why these two purposes are needed at same time. Regarding Alt3, it can be used to handle the case that UE does not receive Candidate TCI state activation/deactivation MAC CE before cell switch and UE does not have TA of target cell before cell switch. Thus, we think both Alt1 and Alt3 can be supported as triggering UE-based TA measurement.
Proposal 2.4
UE-based TA measurement for indicated candidate cells is triggered by MAC CE for TCI state activation for candidate cells.
UE-based TA measurement for indicated target cell is triggered by cell switch command MAC CE, if not triggered by MAC CE for TCI state activation for candidate cells.
Proposal 2.5
Adopt the following TP for TS 38.213.
	21	L1/L2-triggered mobility procedures
[…]
If a UE is provided ueMeasuredTA, the UE can be triggered estimation of a timing advance for candidate cell(s) by TCI state activation MAC CE or for indicated target cell by cell switch command MAC CEestimates based on the UE implementation a timing advance to apply from a first transmission on a candidate cell that is after the reception of a cell switch command for the candidate cell [11, TS 38.321].A UE can be provided configurations, by EarlyUlSyncConfig, for PRACH transmission parameters for each of the candidate cells. The UE can be triggered a PRACH transmission on a candidate cell by a PDCCH order that the UE receives on a serving cell and includes an indication of the candidate cell for the PRACH transmission [4, TS 38.212]. If the serving cell and the candidate cell operate in a same frequency range and the UE would have transmissions that overlap in time, or when a gap between a first or last symbol of a PRACH transmission to the candidate cell is less than 𝑁 symbols from a last or first symbol, respectively, of an UL transmission to the serving cell, where  is defined in Clause TBD, the UE 
[…]



For (2),
(2-A) RACH-less LTM is triggered even when the TA field in the cell switch command MAC CE is FFF if UE has TA of target cell derived by UE-based TA measurement.
	This method is flexible to handle the two cases differently, including UE has obtained TA of target cell or UE has not obtained TA of target cell. However, for the case that UE does not have TA of target cell, if RACH-based LTM is applied, longer interruption time may occur. If UE-based TA measurement is used for TA acquisition of target cell, it is better to always apply RACH-less LTM to shorten interruption time. Thus, this method is not preferred.
(2-B) If ueMeasuredTA is provided, RACH-less LTM is always performed for target cell.
	As discussed above, ueMeasuredTA does not ensure to obtain TA of target cell before the reception of cell switch command. If UE-based TA measurement is triggered by cell switch command MAC CE, UE can still obtain the TA of target cell instead of triggering RACH, which may have shorter interruption time than RACH-based LTM.

Based on the above analysis, the combination of (1-C) and (2-B) could be beneficial. So we proposed following
Proposal 2.6
If ueMeasuredTA is provided, RACH-less LTM is always performed for target cell.

3. Conclusion
In this contribution, we discussed enhancements on timing advance management. Based on the discussion, we made following observations and proposals.
Proposal 2.1
Adopt the following TP for TS 38.212.
	7.3.1.2.1	Format 1_0
[…]
-	Cell indicator – bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter EarlyUlSyncConfig, where C is the number of candidate cells configured with higher layer parameter EarlyUlSyncConfig. If the value is all zero, this field indicates the serving cell; 0 bit otherwise.
[…]


Proposal 2.2
For PDCCH ordered RACH of candidate cell configured as current serving cell, both legacy PDCCH ordered RACH and PDCCH ordered RACH without RAR can be used.
· Whether to use legacy PDCCH ordered RACH or PDCCH ordered RACH without RAR is indicated by the field for cell indicator in a PDCCH order.
Proposal 2.3
Adopt the following TP for TS 38.213.
	8.1	Random access preamble
[…]
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to ∆RF/BB_preparation msec, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change or if cell indicator field in PDCCH order indicates a non-serving cell, and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 
-  is for SSB based time and frequency tracking, if cell indicator field in PDCCH order indicates a non-serving cell.
- TSSB = 0, if TCI state of indicated non-serving cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms.
- TSSB = FFS, if SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the indicated non-serving cell, when the measurement period of L1-RSRP is no longer than 160ms.
- TSSB = FFS, ootherwise.
-  ∆RF/BB_preparation is for RF and/or BB preparation and retuning, if cell indicator field in PDCCH order indicates a non-serving cell.
- ∆RF/BB_preparation = FFS, if PRACH bandwidth of indicated non-serving cell is within active UL BWP.
- ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability), if PRACH bandwidth of indicated non-serving cell is outside active UL BWP but within one of configured UL BWPs of any active serving cell.
- ∆RF/BB_preparation = FFS, if PRACH bandwidth of indicated non-serving cell is not within any of the configured UL BWPs of any active serving cell.
For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .


Observation 2.1
For UE-based TA measurement, it is beneficial to focus on the synchronized case between current serving cell and candidate cells.
Observation 2.2
It is beneficial to consider NW triggers UE-based TA measurement by a signal including related information (e.g., candidate cell ID).
Proposal 2.4
UE-based TA measurement for indicated candidate cells is triggered by MAC CE for TCI state activation for candidate cells.
UE-based TA measurement for indicated target cell is triggered by cell switch command MAC CE, if not triggered by MAC CE for TCI state activation for candidate cells.
Proposal 2.5
Adopt the following TP for TS 38.213.
	21	L1/L2-triggered mobility procedures
[…]
If a UE is provided ueMeasuredTA, the UE can be triggered estimation of a timing advance for candidate cell(s) by TCI state activation MAC CE or for indicated target cell by cell switch command MAC CEestimates based on the UE implementation a timing advance to apply from a first transmission on a candidate cell that is after the reception of a cell switch command for the candidate cell [11, TS 38.321].A UE can be provided configurations, by EarlyUlSyncConfig, for PRACH transmission parameters for each of the candidate cells. The UE can be triggered a PRACH transmission on a candidate cell by a PDCCH order that the UE receives on a serving cell and includes an indication of the candidate cell for the PRACH transmission [4, TS 38.212]. If the serving cell and the candidate cell operate in a same frequency range and the UE would have transmissions that overlap in time, or when a gap between a first or last symbol of a PRACH transmission to the candidate cell is less than 𝑁 symbols from a last or first symbol, respectively, of an UL transmission to the serving cell, where  is defined in Clause TBD, the UE 
[…]


Proposal 2.6
If ueMeasuredTA is provided, RACH-less LTM is always performed for target cell.
Reference
[1] 3GPP RP-222332, “Revised WID on Further NR mobility enhancements”, RAN#97e, Sep. 2022.
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