
3GPP TSG RAN WG1 #115			R1-2311630 
[bookmark: _Hlk149823245]Chicago, USA, November 13th – November 17th, 2023

Source:	NTT DOCOMO, INC.
Title:	Remaining issues on TA enhancements for inter-cell mobility  
[bookmark: Source]Agenda Item:	8.7.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
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 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.
	[bookmark: _Hlk148533500]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. Especially, in the last RAN2 meeting, the following agreement was made. Thus, LTM Cell Switch Command MAC CE is useful to cover all cases.
	If UE is configured by RRC to perform UE based TA measurement, UE applies the measured TA value and performs RACH-less LTM, upon LTM cell switch. (assume similar config as for L2 reset) 


Thus, we think both Alt1 and Alt3 can be supported as triggering UE-based TA measurement.
Proposal 2.1
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 2.2
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 
[…]




3. Conclusion
In this contribution, we discussed enhancements on timing advance management. Based on the discussion, we made following observations and proposals.
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 2.1
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 2.2
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 
[…]
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