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In RAN1 #110bis-e meeting, under AI “Timing advance management to reduce latency”, several agreements were accepted during the meeting [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

In RAN2# 119bis-e meeting, RAN2 made good progress. The RAN2 agreements and assumptions achieved in last meeting can be found in [2]. Here are some of the agreements closely related to RAN1 work:
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.

In last RAN1 #110bis-e meeting, there were quite a few solutions for acquiring the TA of the candidate target cell(s) introduced for further study. In this contribution, we further discuss and compare the methods of early acquisition of the TA of mobility target cell to allow the low latency and seamless mobility. Hope the comparison of the methods for early target TA acquisition could be of help for the group to conduct selection of the schemes.

Discussion 
Target TA determination
The basic requirement on target cell/TRP TA (Target_TRP) determination is fast and accurate. Especially for mobility involving MTRP and beam management, fast TA determination is desirable to avoid frequent service interruptions due to Target_TA determination at the switches of TRPs. It gives us a strong reason to avoid determining Target_TA via RACH. With high frequencies being supported in NR, high accuracy of TA adjustment is required. [3] provides the TA accuracy requirement based on the SCS in the following table:
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



We should develop methods for Target_TA determination to meet the delay and accuracy requirements. Basically, there are two major approaches for Target_TA determination:
1. Target_TA is determined at the network, then the network inform it to the UE.
2. Final Target_TA is determined at the UE based on the assistance information from the network. 

Target TA adjustment by UE in intra-DU scenario
For multi-DCI based multi-TRP operation with two TAs, current RAN1 assumption is that RACH is used in intra-cell MTRP and inter-cell MTRP TRP operation [4].  On the other hand, RAN2 agreed delay model illustrates that RACH based target access is a major delay contributor to the overall mobility latency. It is desirable to avoid RACH for target TRP access especially in intra-cell MTRP scenarios. Since different TRPs may have different front-haul delay, the TA can be different at a per TRP basis. 
[bookmark: _Hlk115184759]In intra-cell MTRP scenario, after the initial TA of current serving TRP1 (consider as the source TRP) is determined and applied to the UE, the serving node (i.e., DU) continue to monitor UE UL transmissions (e.g., SRS). If the timing offset of the received SRS over the serving node’s local time reference is above a threshold, the serving node sends delta TA update to the UE via a MAC CE TA command. When the serving node receives the UE’s current serving SRS through a target TRP2 different from current source TRP1, the TA information, which is identified with a corresponding TAG_ID, for this new target TRP2 is updated to the UE. Note: the UE is currently with the source TRP1, its UL transmission follows the TRP1 reference timing and TA of TRP1. The serving node simply measures the TA offsets of SRS received from different TRPs without knowing whether the UE UL transmission follows TRP1 or TRP2 timing. In this case the delta TA determined based on the SRS received from target TRP2 is the delta TA of the UE UL transmission following the reference timing and the Source_TA of the source TRP1. We denote this serving DU determined target TRP2 TA update as SourceRef_DeltaTargetTA.




Figure 1: Intra-DU mobility source and target TRP reference timing relationship
To complete a TRP switch, the UE UL transmission timing should be eventually switched to the target TRP2 reference timing. As shown in Figure 1, the source TRP1 versus the target TRP2 reference timing difference is RSTD. Consider the Source_TA is already applied to the UE for UL transmission, the serving DU determined TA update for target TRP2 is really the delta TA for TRP2, i.e., SourceRef_DeltaTargetTA. When the UE performs UL transmission following the target TRP2 reference timing, the adjusted delta target TA should be:
Adjusted_DeltaTargetTA = SourceRef_DeltaTargetTA + RSTD

The UE can directly make the adjustment and apply the Adjusted_DeltaTargetTA on top of Source_TA currently used for TRP1, and use TRP2 reference signal timing as the reference for UL transmission to TRP2. The final TA in effect for TRP2 is: 
Adjusted_TargetTA = Source_TA + SourceRef_DeltaTargetTA + RSTD
There is no need for the UE to send UL signal following TRP2 reference timing to the serving node first, then waiting for the serving node to determine the TRP2 TA and notify the UE. Especially, no RACH is needed 
Observation 1: For intra-DU TRP switching, the TA of the target TRP after the TRP switch can be obtained by UE adjusting the TA obtained before the switch without using RACH.
Proposal 1: For intra-DU TRP switch, before the UL transmission to the target TRP started, the UE determines TA of the target TRP by adjusting the TA-update from the network with RSTD.

 Target TA determination by UE in inter-DU scenario
Figure 2 illustrates that under the inter-DU MTRP scenario, the timing relation of the reference signals at the source and target TRPs and received at the UE. Comparing Figure 1 and Figure 2, if CU, DU1 and DU2 are strictly synchronized (e.g., all of them are synchronized with GPS), there is no difference from the intra-DU scenario on the reference signal timing relationship.



Figure 2: Inter-DU mobility source and target TRPs reference timing relationship
Therefore, it is possible to extend method of the UE determined final target TA under intra-DU scenario to inter-DU intercell/TRP switching. If CU, DU1 and DU2 are strictly synchronized, the final TA of the target cell/TRP can be determined at the UE:
Target_TA = Source_TA + 2*RSTD
Normally, DU1 and DU2 are not strictly synchronized. There is timing offset between the (sub-frame boundaries of) DU1 and DU2. In addition, the fronthaul between the DU and the TRP may also introduce imbalanced DL and UL propagation delay. Fortunately, these factors are static or semi-static and they can be determined by the network at the mobility preparation phase and configured to the UE by L1/L2 mobility RRC pre-configuration. In normal operations, the final TA of the target cell/TRP can be determined at the UE by:
Target_TA = Source_TA + 2*RSTD + TA_NT_Adj_Factor,
Where TA_NT_Adj_Factor is the network TA adjustment factor determined by the network which includes the network impact factors such as timing offset between DUs and fronthaul DL/UL propagation imbalance. 
The merit of the network assisted UE Target_TA determination is that it is based on the real time measured TA currently in use for the source cell/TRP (Source_TA), and the real time measured RSTD. The Target_TA can be obtained fast and accurately.
Observation 2: For inter-DU intercell/TRP switching, the TA of the target cell/TRP can be determined by UE adjusting the Source_TA with RSTD and a network TA adjustment factor.

	Target TA determination by the network in inter-DU scenario
So far, the most commonly used target TA determination at the network is the RACH based method. The concern of continuing to use it for L1/L2 mobility is its large delay. The RACH based TA determination is conducted at the mobility target node.
Another possible network-based method is that target TA determination is conducted at the source node. For example, the source node estimates the location of the UE, then based on UE location estimates the UE TA for the target cell/TRP:
· Based on the radio measurement at the source node e.g., measured AOD/AOA and RTD of the UE, the source node determines the UE location.
· Based on the UE location and the known target node location, the source node determines the distance between the UE and the target node.
· The source node calculates the target node TA= RTD based on UE to target node distance.
· In case of MTRP involved, both source TRP and target TRP locations and fronthaul delays should be considered at the source node for target TA estimation.
· The network caused timing offset should also be taken into consideration.
The uncertainty with the location-based TA estimation includes the following: 
· UE location/distance estimation may not be very accurate based on radio measurement. 
· In addition, multipath channels may also cause additional inaccuracy of TA estimation based on location/distance.
· The latency of getting the most updated TA estimation is not clear.
Observation 3: The network-based target TA determination methods have uncertainty on operation delay and estimation accuracy.

PDCCH ordered RACH
PDCCH ordered RACH was proposed by many companies in last RAN1 meeting. It can be achieved by largely using the existing mechanism. The impact to standards is minimal. However, considering the delay introduced by conventional RACH, we think that the TA acquisition for L1/L2 mobility (different from power up or failure handling) should be performed without involving RACH. Even with the PDCCH instructed early RACH, we feel there is not much room to perform RACH early due to the following limitations:
1. RACH cannot be performed too early. UE should be close enough to the target cell to perform RACH. Otherwise, RACH access will likely fail. 
2. Standards require that RACH has to be performed after DL synchronization is completed. The preamble transmission timing should be the UE received target cell reference signal timing. 
3. In high frequency and fast UE speed scenarios, forcing the cell switch command issued after completion of RACH will increase the risk that the source cell connection is dropped before the completion of RACH, then the source cell loses the chance to send the cell switch command. This leads to a HO failure.
4. Looking at the target cell/beam/reference signal finally selected/determined by the source cell,  RACH preamble transmission is performed after the UE is synchronized with the target reference signal. Other early RACH(s) for other candidate cell(s) do not help the delay reduction. It is hard to see overall HO latency reduction with cell switch command issued after RACH.
The radio resource efficiency is another question since for those candidate cells RACH was triggered but not selected as the target cell, the resources involved for RACH access is wasted.
Furthermore, there may be additional complexity introduced. For example, parallel MAC stack may be needed for supporting parallel serving cell UL transmission and target cell RACH transmission.  
In general, RACH is more suitable under low frequency, slow UE and DC scenarios where large cell coverage overlap exists at the border area. In these intercell mobility scenarios it is ok for the UE to perform RACH after cell switch command is received as in the legacy HO approach. 
Observation 4: PDCCH ordered RACH may not reduce the UL synchronization delay much, it may not be suitable in fast mobility scenarios and may incur low resource utilization efficiency of RACH.

SRS based TA acquisition
SRS-based TA acquisition is one of the candidate solutions which RAN1 agreed in #110bis-e meeting for further study. The basic assumption of this scheme is that the target cell determines the target TA based on the detection and measurement of SRS transmitted by the UE. Since the TA is determined at the target cell, there are two options on how to deliver the TA to the UE: 
1. The target cell sends the target TA to the network, the network sends the TA to the UE (e.g., target DU/cell  CU  source DU/cell  UE). The cell switch command is issued by the source cell.
2. The target cell sends the target TA directly to the UE via the cell switch command issued by the target cell.
The major issues to be studied for the SRS based mobility:
1. UE power consumption concern:
· The UE needs to transmit SRS with high enough power and short periodicity to allow the target cell hear the UE. Multiple SRSs’ transmissions maybe needed.
· The worst scheme is the option 1 that the target TA is determined at the target cell and the target cell send the TA to the source cell, then the source cell based on the L1 measurement report to decide cell switch. In this worst case, the UE needs to transmit both SRS(s) to the source and target cells, and L1 measurement report to the source cell to support the cell switch decision. 
2. Delay concern:
· Total delay of the SRS based mobility including DL measurement/beam selection and DL synchronization delay, UL measurement/synchronization delay.
· Since UL timing offset at the target cell/TRP can be large, SRS initial acquisition should be performed at the target DU/cell. It may require longer measurement time for the target DU/cell to acquire the SRS and obtain reliable TA.
· If the target cell determined target TA is sent back to the source cell, additional backhaul delay is introduced.
Due to the UE power consumption and delay concern, the option 1 of sending the target cell determined TA to the source cell via backhaul is not a valid scheme. 
Observation 5: For SRS based TA acquisition, the scheme of target cell sending the measured TA back to the source cell introduces high power consumption and additional delay from backhaul.
Proposal 2: Not to consider the SRS based TA acquisition scheme of sending target TA back to source cell as an option of SRS based solution.
The scheme of option 2 that TA acquisition and cell switch decision is made by the target cell based on the SRS measurement deserves further study.
An example of known conventional UL SRS based approach is as follows:
For multiple candidate cells/beams, multiple SRSs are uniquely configured corresponding to each candidate cell/beam. 
After the pre-configuration, the UE transmits the SRSs toward all the detected candidate cells/beams. The transmission timing of each SRS should follow the timing of the reference signal of the corresponding candidate cell/TRP/beam such that the absolute TA of the target cell/TRP can be obtained directly.
Based on the received SRS of the UE, the candidate/target cell measures the absolute TA of this cell/TRP. With the SRS, the target cell is also notified the associated SSB or CSI-RS selected by the UE as the target beam. When the target cell decides that the UE is close enough for a cell switch based on SRS measurement, it sends the measured TA to the UE directly in the cell switch command.
The issue with this TA determination approach is that the UE has to transmit multiple SRSs of the candidates over entire TA acquisition time in addition to SRS for its current serving cell. The multiple SRSs are transmitted at different transmission timing corresponding to each candidate cell/TRP, which is different from the serving cell UL transmission timing. More specifically, this SRS based scheme appears still having the following issues to be addressed:
1. Power consumption is a still big concern since the UE may need to send multiple SRSs in parallel with high power and low periodicity for long time. This may also occupy a lot of radio resources with additional SRS signaling overhead. 
2. Another concern is the increased SRS collision probability and interference among UEs with increased number of SRSs being used at the same short period of time.  
3. It is to obtain the large absolute TA at the candidate cell(s) including the initial SRS acquisition. Longer time may be needed for a candidate cell obtaining a reliable and accurate TA.
4. The UE needs to tune the transmission timing differently for different SRS transmission. It may increase the complexity and affect serving cell transmission with the timing for the serving cell.
5. Following the candidate Cell/TRP reference timing for SRS transmission requires the UE to perform the DL synchronization with candidate cell/TRPs’ reference signals first. If the DL reference signal quality threshold for triggering the SRS transmission is low the DL synchronization is not reliable and required SRS transmission power is high; if the triggering threshold is high, the SRS transmission can be on-off which compromises the SRS detection reliability at the candidate cell. In this case, SRS transmissions towards candidate cells are also delayed. In general, there is also reliability issue to be addressed for SRS based solution.
For SRS based mobility solution, further study is needed to overcome the above difficulties.
Observation 6: For SRS based TA acquisition, further study is required to overcome the UE power consumption, radio resource consumption, interference, reliability and complexity issues.

Comparison of target TA determination methods
The analysis and comparison between the TA determination methods conducted at the network versus conducted at the UE are summarized in Table 1. 
[bookmark: _Ref6674636]Table 1: comparison between the network determined versus UE determined methods for target TA
	
	Network determined
	UE determined
(Rx RSTD and Source TA based)

	
	At the target cell RACH based approach

	At the target cell
SRS based TA acquisition
	At the source cell
	

	Specification impact
	Minimal: for legacy RRC based. 
Medium to high: for PDCCH ordered RACH. 
Upper layer impact: parallel MAC stack maybe needed.  
	Large. 
RAN1 to specify how a UE transmits the SRS, and how the target cell acts.
RAN2 to specify the new changes on the procedure and signaling in RRC and MAC
	RAN2 (define the new MAC signaling). 

	RAN1 (define how the UE determines the target TA)
RAN2 (define the new changes on RRC and MAC procedure and signaling). 

	Delay
	Large: RACH has to be performed

	May be small. 
Depending on the scheme. 
Not small if TA is delivered via backhaul.
	Small: 
The TA is determined at the source cell before it issues the cell switch command. 
	Small: 
TA is obtained by the UE without RACH.

	Accuracy
	Good: based on measurement at the target cell.
	Good: based on the measurement at the target cell if SRS is reliable.
	Uncertain: based on estimation, may not be able to meet the TA accuracy requirement
	Good: based on measurement of the source TA and RSTD.

	Implementation complexity
	Minimal effort for legacy RRC based. 
Medium to high: for PDCCH ordered RACH. 
Upper layer impact: parallel MAC stack maybe needed
	May be high:
Network nodes information exchange and UE notification is required. 
If cell switch command is issued at the target cell.
If the UE needs to handle multiple TX timing at the source cell for different SRS transmissions to the target cell/TRP(s)
	Low:
Network nodes information exchange and UE notification is required.

	Low:
Network nodes information exchange and UE notification is required.


	UE power consumption
	RACH TX power. 
L1 measurement report TX power.
	Overall, maybe high
Saving part: Maybe no L1 measurement report TX to the source cell, and no RACH TX power consumption. 
Consuming part: additional SRSs’ TX may have higher power consumption
Very high: if TA is determined by SRS at the target cell but cell switch is determined by source cell. 
	L1 measurement report TX power.
No RACH power consumption.
	L1 measurement report TX power.
No RACH power consumption.

	Radio resource consumption
	Wasted resources for the executed RACH on candidate cell(s) which are not eventually selected as the target cell.
	Additional SRS configuration and transmissions from the UE may occupy more radio resources.
	No additional consumption
	No additional consumption

	Reliability
	High
	Scheme dependent
	Scheme dependent
	High



Based on the above analysis and comparison between network determined versus UE determined methods for target TA acquisition, we propose:
[bookmark: _Ref129681832]Proposal 3: Consider to adopt the network assisted target_TA determination approach performed at the UE by adjusting the Source_TA with RSTD and a network TA adjustment factor.

UE selected target beam indication
In current mobility procedure, one of the usages of random-access preamble is to indicate the best DL beam selected by the UE. Dedicated preambles corresponding to candidate SSB/CSI-RSs are configured to the UE by RRC mobility configuration. When performing random access, the UE transmits the preamble corresponding to the selected target SSB or CSI-RS. 
For RACH-less access to the target, there are two alternatives for the UE to indicate the best target beam upon the reception of cell switching command:
1.  The UE sends L1 UL signalling to indicate the selected SSB or CSI-RS of the target cell/TRP at the initial UL message transmission.
2.  The UE transmits pre-configured dedicated signals, e.g., SRS, corresponding to the UE selected SSB or CSI-RS. 
Proposal 4: Upon reception of target access command, UE indication of the SSB/CSI-RS selected as the target beam is supported for mobility RACH-less access. Indication methods and details are FFS.




Conclusions
Based on above discussions, we have the following observations and proposals:
Observation 1: For intra-DU TRP switching, the TA of the target TRP after the TRP switch can be obtained by UE adjusting the TA obtained before the switch without using RACH.
Proposal 1: For intra-DU TRP switch, before the UL transmission to the target TRP started, the UE determines TA of the target TRP by adjusting the TA-update from the network with RSTD.
Observation 2: For inter-DU intercell/TRP switching, the TA of the target cell/TRP can be determined by UE adjusting the Source_TA with RSTD and a network TA adjustment factor.
Observation 3: The network-based target TA determination methods have uncertainty on operation delay and estimation accuracy.
Observation 4: PDCCH ordered RACH may not reduce the UL synchronization delay much, it may not be suitable in fast mobility scenarios and may incur low resource utilization efficiency of RACH.
Observation 5: For SRS based TA acquisition, the scheme of target cell sending the measured TA back to the source cell introduces high power consumption and additional delay from backhaul.
Proposal 2: Not to consider the SRS based TA acquisition scheme of sending target TA back to source cell as an option of SRS based solution.
Observation 6: For SRS based TA acquisition, further study is required to overcome the UE power consumption, radio resource consumption, interference, reliability and complexity issues.
Proposal 3: Consider to adopt the network assisted target_TA determination approach performed at the UE by adjusting the Source_TA with RSTD and a network TA adjustment factor.
Proposal 4: Upon reception of target access command, UE indication of the SSB/CSI-RS selected as the target beam is supported for mobility RACH-less access. Indication methods and details are FFS.
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