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Introduction
[bookmark: _Hlk115336765][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In the RAN1#110bis-e meeting, TA management-related issues, e.g., TA acquisition, TA maintenance, and the association between TA and candidate cell, were discussed and the following agreements were achieved [1].
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
 
Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)
 
Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration


Based on the above agreement and discussion in the last meeting, this contribution would be divided into three parts to discuss potential solutions and remaining issues as follows: 
· TA acquisition for candidate cells, e.g., TA acquisition methods and TA indication.
· TA maintenance for candidate cells, e.g., the number of TAs and the procedure of relative timing adjustment.
· TA application, e.g., the association between TA and candidate cell(s) and TA switch.
[bookmark: _Hlk115256184]TA acquisition 
In the last meeting, TA acquisition of candidate cell(s) before cell switch command is received had been agreed to reduce the handover latency, except for the case that the candidate cell is a deactivated SCell, which may need further study on its necessity.  In our view, if the time alignment timer corresponding to a TAG of the deactivated SCell involved has expired, TA acquisition should be performed for the deactivated SCell before cell switch command is received. While for the case that the time alignment timer is not expired, which means UE maintains uplink synchronization with the deactivated SCell, TA acquisition of the deactivated SCell is not needed.
When the time alignment timer corresponding to a TAG of the deactivated SCell involved has expired, TA acquisition should be performed for the deactivated SCell before cell switch command is received.
For the TA acquisition methods, many potential solutions discussed in the last meeting can be divided into two categories, i.e., RACH-based solutions and RACH-less solutions. 
RACH-based TA acquisition
In Rel-15, initial time alignment is realized by the absolute TAC carried in RAR. Random access procedure can be gNB-initiated by sending PDCCH order to UE when establishing time alignment for a secondary TAG, or UE-initiated by its RRC and MAC entity for the events including DL or UL data arrival during RRC_CONNECTED when UL synchronization status is non-synchronized. Whether to execute handover depends on gNB and also whether another TA is needed for the candidate cell(s) depends on the measurements at gNB. Hence, compared with UE-initiated RACH procedure, the gNB-initiated RACH procedure is more appropriate to acquire UL timing alignment to each candidate cell before handover. 


An example of initial time alignment procedure by RACH triggered by PDCCH order 
[bookmark: _Hlk115278945][bookmark: _Hlk115279000]Considering the signaling process latency and specification impact, we think extending PDCCH-ordered RACH to achieve initial time alignment for candidate cell(s) is more appropriate, rather than designing a new high-layer command to trigger RACH to achieve TA acquisition. To support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover, the configuration of candidate cell(s), e.g., RACH and SSB, needs to be applied before handover. Besides, considering scheduling restrictions between RACH procedure and signals from the serving cell, especially in inter-frequency scenarios, the maximum number of candidate cell(s) that UE can achieve time alignment before handover should also be discussed and may be indicated in UE capability.
Support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover.
The configuration of RACH for candidate cell(s) needs to be applied before handover.
The maximum number of candidate cell(s) that UE can achieve time alignment before handover should be discussed and may be indicated in UE capability.
RACH-less TA acquisition



Except for early RACH triggered by PDCCH order, RACH-less solutions can also be considered to reduce handover latency and UE complexity in certain cases. For intra-frequency scenarios, initial time alignment can be achieved by other UL signals, e.g., SRS. In this case, UE transmits SRS based on the downlink receive timing of the source gNB, and candidate gNBs measure the SRS and forward the measurement results to source gNB. Meanwhile, candidate gNBs also can calculate their own timing advance value based on the SRS resource and then forward it to the source gNB respectively. As shown in Figure 2, in synchronous scenarios, the timing offset calculated by candidate gNB(s) is , and the timing offset calculated by the source gNB(s) is . Source gNB can obtain correct TA values of the candidate gNB(s) as .  In asynchronous scenarios, the downlink timing difference between source gNB and candidate gNB(s) can be obtained by interaction in advance, thus the TA value of the candidate gNB(s) also can be acquired similarly.


An example of timing advance adjustment procedure 
Support UL measurement based on SRS to achieve initial time alignment for candidate cells before handover in intra-frequency scenarios. 
[bookmark: _Hlk115354948][bookmark: _Hlk115354933]After the serving gNB obtains absolute TA values, UE can be informed by the absolute TAC MAC CE as shown in Figure 3.  To avoid ambiguity in the relationship between TACs and cells, cell identity needs to be added in the absolute timing advance command MAC CE.


Absolute Timing Advance Command MAC CE
Support to introduce cell identity in the absolute timing advance command MAC CE to avoid ambiguity of the relationship between absolute TACs and cells.
For synchronized scenarios, the initial TA of the candidate cell(s) can be acquired by UE-based measurement with one TAC from the source cell. For example, as shown in Figure 4, the TA value of an absolute or relative TAC from the source gNB is 2*s1, the downlink receive timing difference between the source gNB and the candidate gNB is s2-s1, and based on them, if the downlink timing difference between the gNBs is negligible, the TA value for the candidate gNB can be calculated as 2*s1+2*(s2-s1) =2*s2.
[image: ]
UE-based TA measurement with one TAC from the serving cell
TA maintenance 
UE capability on TA maintenance
After achieving initial time alignment for candidate cells, multiple TAs for candidate cells should be maintained by UE before handover. Thus, when receiving the L1/L2 cell switch command, UE can transmit UL signals based on the timing advance value of the target cell at once.  However, maintenance of multiple TAs requires corresponding UE capability, since UE needs to monitor and maintain the synchronization of multiple uplinks simultaneously. And, in AI 9.1.1.2, two TAs is being discussed in MTRP scenarios and UE capability on maintaining TAs for two TRPs had been agreed. Similarly, a UE capability on multiple TAs maintenance for candidate cells also should be supported in L1/L2 mobility. As for the maximum number of TAs UE can maintain simultaneously, it needs further discussion.
Maintenance of multiple TAs for candidate cell(s) and serving cell shall be a UE capability, and the maximum number of the TAs is FFS.
[bookmark: _Hlk115344628]If maintenance on multiple TAs for candidate cell(s) and serving cell is not supported by UE, the most straightforward method is that UE only maintains the TA of the source gNB before handover and maintains the TA of the target gNB after handover. Thus, multiple TAs for candidate cells would be maintained at the gNB side based on Msg1 or SRS. And, when the network determines to perform handover, the TAC for the target gNB could be carried in cell switch command for the UE. 
If the UE is not capable of maintaining multiple TAs for candidate cell(s) and serving cell, the TAC for the target cell could be carried in cell switch command for the UE.
If maintenance of multiple TAs for candidate cells is supported by UE, besides initial time adjustment in the RACH procedure, UL timing can also be maintained by relative time adjustment using the relative TAC received from the gNB.
Relative time adjustment 
In this section, we discuss how UE acquires cell-specific TAC for cell-specific relative time adjustment. The following two alternatives can be considered.
· Alt1: UE receives multiple relative TACs associated with candidate cell(s) and serving cell.  
· Alt2: UE receives one relative TAC associated with serving cell, and TACs associated with candidate cell(s) are determined by the received TAC together with DL receive timing difference. 
For Alt1, cell identity also needs to be added in the timing advance command MAC CE in Figure 5, or the TAG ID may be extended to indicate TAG association with a specific candidate cell. Because TAG configuration is provided per CG and TAG id is numbered within the CG, thus TAG id in source CG and target CG may be the same. To avoid this ambiguity, introducing the cell identity in the relative TAC command is a necessity. 


Timing Advance Command MAC CE
When UE maintains multiple TAs based on multiple TACs, cell identity also needs to be added in the timing advance command MAC CE to avoid ambiguity of the relationship between relative TACs and cells.
For Alt2, as shown in Figure 4, one TAC received by UE is determined based on the source gNB, then UE calculates the TA for target cell by utilizing the timing offset between DL receive timing from source cell and target cell. Considering source gNB and target gNB may not be synchronized, the additional error will be introduced for target gNB, because the timing offset may be unfortunately compensated along with propagation delay. The offset can be calculated by utilizing two TACs received from two RACH procedures and the DL timing difference from two TRPs measured by UE as shown in Figure 6.


An example of time alignment in two RACH procedures
Timing offset p between non-synchronized TRPs can be obtained through two RACH procedures.
Assuming timing offset p between non-synchronized gNBs is obtained through two RACH procedures, Table 1 provides an analysis of Rx timing offset for each gNB where TAC is calculated by DL timing difference whereas different propagation delays and timing offsets between gNBs are considered. It can be seen that UL timing for the target gNB is aligned well for all cases.
Calculation on Rx timing offset for each gNB where TAC is calculated by DL timing difference
	
	Source gNB
	 Candidate gNB#1
	Candidate gNB#3
	Candidate gNB#3

	DL Tx timing 
	T
	T
	T+p
	T+p

	Propagation delay 
	t
	t+d
	t
	t+d

	UE Rx timing
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	RX timing difference Δ
	Δ=0
	Δ=d
	Δ=p
	Δ=d+p

	TA offset (s=2t)
	s
	s+2Δ
	s+2Δ-2p
	s+2Δ-2p

	 DL timing reference (based on each gNB)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T+t-s
	T+t+d-s-2Δ
	T+t+p-s-2Δ+2p
	T+t+d+p-s-2Δ+2p

	gNB Rx timing
	T+2t-s
	T+2t+2d-s-2Δ
	T+2t-s-2Δ+3p
	T+2t+2d-s-2Δ+3p

	gNB Rx timing offset
	2t-s
	2t+2d-s-2Δ
	2t-s-2Δ+2p
	2t+2d-s -2Δ+2p

	gNB Rx timing offset 
	0
	0
	0
	0



Alt 2 has minimum spec impact because we only need to clarify the source gNB in advance and other TACs for candidate cells can be acquired by UE implementation. Besides, considering the transmission model in L1/L2 mobility, when beam indication is after or together with the cell switch command, UE only transmits to/receives from the serving gNB. In this transmission model, due to no UL data transmission except RACH for candidate cells before handover, the relative TAC for candidate gNBs cannot be acquired by themselves. Therefore, for the case of initial time alignment achieved by RACH procedure, we propose to support UL timing is achieved using the TAC from the source gNB and the DL timing difference between the candidate gNB(s) and source gNB. However, if initial time alignment is achieved by SRS, the timing offset p between non-synchronized gNBs cannot be obtained. Therefore, in this case, Alt 1 is more appropriate. 
For relative time adjustment when maintaining multiple TAs,
If the initial time alignment is achieved by SRS, support relative time adjustment by multiple TACs;
If the initial time alignment is achieved by RACH procedure, support only one TAC is explicitly indicated and associated with the source gNB, the TA values for candidate cell(s) are determined by the received TAC together with DL receiving timing difference between the source cell and candidate cell(s) respectively.
TA application
The relationship between TA(s)/TAG(s) and candidate cell(s)
In the last meeting, the relationship between TA(s)/TAG(s) and candidate cell(s) had been discussed, and potential schemes are listed below:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· Alt2-1:  the association is provided as a part of candidate cell(s) configuration
· Alt2-2: the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration
In legacy TAG configuration in Rel-15/16, each serving cell is associated with a TAG indicated by TAG id in ServingCellConfig, and all uplink reference signals and channels configured in the serving cell, except PRACH, are transmitted based on the time advance corresponding to the TAG. Therefore, we think it can be extended directly for L1/L2 mobility, that is a TA/TAG id is introduced in each candidate cell configuration, i.e., Alt 2-1, and the timing advance of all uplink reference signals and channels configured in the candidate cell, except PRACH, follow the indicated TA/TAG. Compared to Alt1 and Alt2-2, which introduce extra association between TCI states or RS groups between TA/TAG complicating the specification design, Alt2-1 is the simplest one and has less specification impact.
Support introducing a TA/TAG id in each candidate cell configuration explicitly.
TA switch
Besides the association between TA(s)/TAG(s) and candidate cell(s), another issue related to TA application is TA switch. Regarding TA switch, the related issue is when to apply TA switching. In AI 9.12.1, three scenarios were listed based on the beam indication time in the last meeting as follows.
· Scenario 1： beam indication is before cell switch command.
· Scenario 2： beam indication is together with cell switch command
· Scenario 3： beam indication is after cell switch command
In our view, for scenario 1 where tx/rx to/from candidate cells happens before cell switch command is received, TA switch is applied together with beam switch, where the new beam is associated with a cell identity different from that of the old beam and the TAs/TAGs associated with the cell identities are different. For scenarios 2 and 3, the TA switch is together with the cell switch. 
For the timing of the TA switch,
· It is applied together with the beam switch in scenario 1 when the new beam is associated with a cell identity different from that of the old beam and the cell identities are associated with different TAs/TAGs.
· It is applied together with the cell switch in scenarios 2 and 3 when the target cell and the source cell associate different TAs/TAGs.
 Conclusions 
1. Timing offset p between non-synchronized TRPs can be obtained through two RACH procedures.

1. When the time alignment timer corresponding to a TAG of the deactivated SCell involved has expired, TA acquisition should be performed for the deactivated SCell before cell switch command is received.
Support early RACH triggered by the PDCCH order to achieve initial time alignment for candidate cells before handover.
· The configuration of RACH for candidate cell(s) needs to be applied before handover.
· The maximum number of candidate cell(s) that UE can achieve time alignment before handover should be discussed and may be indicated in UE capability.
Support UL measurement based on SRS to achieve initial time alignment for candidate cells before handover in intra-frequency scenarios. 
Support to introduce cell identity in the absolute timing advance command MAC CE to avoid ambiguity of the relationship between absolute TACs and cells.
Maintenance of multiple TAs for candidate cell(s) and serving cell shall be a UE capability, and the maximum number of the TAs is FFS.
If the UE is not capable of maintaining multiple TAs for candidate cell(s) and serving cell, the TAC for the target cell could be carried in cell switch command for the UE.
When UE maintains multiple TAs based on multiple TACs, cell identity also needs to be added in the timing advance command MAC CE to avoid ambiguity of the relationship between relative TACs and cells.
For relative time adjustment when maintaining multiple TAs,
· If the initial time alignment is achieved by SRS, support relative time adjustment by multiple TACs;
· If the initial time alignment is achieved by RACH procedure, support only one TAC is explicitly indicated and associated with the source gNB, the TA values for candidate cell(s) are determined by the received TAC together with DL receiving timing difference between the source cell and candidate cell(s) respectively.
Support introducing a TA/TAG id in each candidate cell configuration explicitly.
For the timing of the TA switch,
· It is applied together with the beam switch in scenario 1 when the new beam is associated with a cell identity different from that of the old beam and the cell identities are associated with different TAs/TAGs.
· It is applied together with the cell switch in scenarios 2 and 3 when the target cell and the source cell associate different TAs/TAGs.
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