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1	Introduction
At RAN1#100bis-e, the following was agreed for TA management:
Agreement
· On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately
Agreement (Made in RAN1#110b-e)
· 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
· For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR
 Agreement
· On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured
Agreement
· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell


In this contribution, we discuss the timing advance management aspects of the work item.
[bookmark: _Ref178064866]2	Discussion
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[bookmark: _Ref114840128]Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.
Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. The network has prepared a set of candidate configurations, and at some point in time, the network identifies a target cell for the handover. 
IN RAN1#110bis-e, it was agreed that:
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)

Based on the above agreement, the timeline in Figure 2 is envisioned.
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[bookmark: _Ref118108925]Figure 2: Timeline for L1/L2 inter-cell mobility with TA acquisition before cell switch command.
A summary of the procedure is 
1. The UE is configured with candidate cells
2. If RACH-based
1) The configuration includes RACH configurations for the candidate cells
2) The network triggers a PDCCH ordered RACH to a target cell
3) The target cell receives the PRACH from the UE and estimates the TA-value
4) The TA value is transmitted via backhaul to the serving cell
3. If RACH-based or RACH-less
5) At the cell switch, the TA for the target cell is included in the cell switch command

In the following, we further discuss how to achieve this.
2.1	RACH-less vs. RACH-based procedures
In some scenarios the target cell candidate may be considered sufficiently time aligned with the serving cell that the switch can be done without the need to establishing a timing advance for the new cell saving the whole RACH process. By RACH-less procedures, it is clarified that this is the case where no PRACH transmission is performed before or after the cell-switch command. It should be noted that by RACH-less, we do not want to limit it to the LTE case where the UE applies the same TA after the cell switch. There are multiple cases where the network can know the timing advance for the target cell without requiring a RACH, like in case of small cells, where no timing advance is needed, synchronized cells if the UE can compensate for propagation delay differences or cases where the network has gained additional knowledge of the expected timing advance for the target cell. By giving the UE an indication of such cells, either in the candidate configuration or the L1/L2 mobility command, the UE will know in which cells to use RACH-less handovers. Hence, the main difference between RACH-less and RACH-based cell switch is, as the name indicates, the need for a PRACH transmission for the candidate cells. For the RACH-less cases where the TA comes from the network, the TA-value is in both cases signaled in the cell switch command. As discussed for RACH-based cell switch later, it is also there beneficial for the network to maintain the TA-value and signal it in the cell switch command. Thus, the same procedures can be used both for RACH-less and RACH-based procedures. As indicated in their LS[1], RAN2’s assumption is also that both RACH-based and RACH-less procedures are supported.
[bookmark: _Toc118708226][bookmark: _Toc118723623][bookmark: _Toc118726214][bookmark: _Toc126917921][bookmark: _Toc127558565][bookmark: _Toc127563710]The procedures for RACH-less and RACH-based procedures can be kept similar.
Hence, we propose:
[bookmark: _Toc127563718]Support both RACH-less and RACH-based procedures for LTM
[bookmark: _Toc127563719]The RACH-less procedure is extended beyond LTE RACH-less by allowing the network to indicate any TA-value in the cell switch command
Most of the listed alternatives for estimating the TA for the RACH-less based procedures are based on network implementation and do not require any L1 standardization, but in the case of synchronized network, the UE can estimate the target cell TA based on the observed time difference between the downlink from the serving cell and the downlink from the target cell. This is then a special case of the RACH-less case that should be supported, but subject to network configuration.
[bookmark: _Toc127563720]Subject to network configuration, UE estimation of TA of the target cell is supported as one option for the RACH-less solution.
Note that when the network is not synchronized, the timing offset between cells is typically unknown. 
2.2	RACH-based cell switch details
2.2.1	The need for RAR
For a RACH-based cell switch, discussion is needed on what is meant by RACH-based. Triggering of a legacy RACH-procedure, either by higher layers or PDCCH order, means that the UE will go through the PRACH preamble transmission and at least the reception of the random-access response (RAR) from the cell the PRACH transmission the cell was intended for. However, requiring the UE to receive the RAR from the candidate cell will mean an interruption in reception from and transmission to the serving cell which goes against the spirit of the work item itself. Additionally, the only information the UE would need from the RAR is the timing advance, unlike in the legacy case where the RAR contains additional information required to transmit MSG3. The reception of a RAR from a target cell is in itself problematic in since the channel quality required for successful decoding cannot be guaranteed, unless the network waits with triggering the PRACH until the target cell channel quality is good enough, potentially increasing the latency of the cell switch. It has been argued that delivering the TA via the backhaul to the serving cell will delay the cell switch. This is not correct as the serving cell initiates the cell switch, and the serving cell cannot initiate the cell switch unless it knows that the UE has an updated TA for the target cell. Hence, backhaul signaling is needed even if the TA is delivered to the UE in a RAR from the target cell. 
[bookmark: _Toc118726215][bookmark: _Toc126917922][bookmark: _Toc127558566][bookmark: _Toc127563711]The only information the UE needs from the RAR is the TA.
[bookmark: _Toc127558567][bookmark: _Toc127563712]Requiring UE reception of random-access response (RAR) increases interruption to serving cell and latency in the cell switch.
[bookmark: _Toc127558568][bookmark: _Toc127563713]Backhaul signaling between the target cell and the serving cell is needed regardless of the use of RAR or not.
Hence, it is proposed that:
[bookmark: _Toc127563721]The PRACH transmission for establishing TA to a candidate cell is a single PRACH transmission with no follow-up RAR reception
Transmission of a PRACH without completing the RACH procedure is not currently supported by the specification. However, as there are clear benefits with this, a discussion is needed on how to support this in the specification. RAN2 should be consulted, but rather than updating the RACH-procedure in the MAC-specification in 38.321, it might be easier to capture the PRACH-only transmission in the RAN1 specifications (38.213).
In case the target cell did not receive the PRACH transmission, the serving cell would repeat the PDCCH order to trigger additional PRACH transmissions. With every such PRACH transmission, the UE should increase the PRACH transmission power, i.e., closed loop power control would be used.
2.3	TA management
For each candidate cell, the associated timing advance must be managed to make sure that the timing advance for the candidate cell is still valid at the time of the cell switch. This is similar to legacy handling of timing advance where a timer in the UE is used to make sure that the UE has a valid timing advance.  Once the timer expires, the UE cannot transmit until a new timing advance has been established through a RACH procedure. This timer a safety net to avoid inter-carrier interference, but in practice, the network never allows the timer to expire. 
There are two options for TA management:
· UE-based
· The UE maintains TA values for each candidate cell and applies the appropriate TA at cell switch
· Network-based 
· The network maintains the TA values for the candidate cells and signals the value for the target cell during cell switch command

For most cases in the RACH-less and for RACH-based cell switch, the TA values will be signaled by the network to the UE. Hence, the network will anyway need to have some level of management of a UE’s TA-values to make sure the UE has a valid TA value for the target cell at the time of the cell switch. Then, both from a specification and implementation perspective, the simplest is to let the network handle the management of the TA values for the candidate cells where the network signals the new TA-value in the cell switch command. Also, UE based TA management where the network needs to signal TA values to the UE prior to the cell switch command has the additional disadvantages of increased signaling load and unnecessary latency. 

[bookmark: _Toc118708227][bookmark: _Toc118723624][bookmark: _Toc118726216][bookmark: _Toc126917923][bookmark: _Toc127558569][bookmark: _Toc127563714]Network-based TA management will simplify the procedures.
[bookmark: _Toc118708228][bookmark: _Toc118723625][bookmark: _Toc118726217][bookmark: _Toc126917924][bookmark: _Toc127558570][bookmark: _Toc127563715]UE-based TA management will increase the signaling load and potentially delay the cell switch.
Based on this, we make the following proposals:
[bookmark: _Toc127563722]The network is performing the TA management.
[bookmark: _Toc127563723]The TA value for the target cell is signaled in the cell switch command.
2.4	Prioritization of the discussion
For the discussion in the meeting, in our opinion the two main topics to handle are the main parts of the procedure 
[bookmark: _Toc127563724]Focus discussion on PDCCH-ordered RACH procedure and TA management
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The procedures for RACH-less and RACH-based procedures can be kept similar.
Observation 2	The only information the UE needs from the RAR is the TA.
Observation 3	Requiring UE reception of random-access response (RAR) increases interruption to serving cell and latency in the cell switch.
Observation 4	Backhaul signaling between the target cell and the serving cell is needed regardless of the use of RAR or not.
Observation 5	Network-based TA management will simplify the procedures.
Observation 6	UE-based TA management will increase the signaling load and potentially delay the cell switch.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Support both RACH-less and RACH-based procedures for LTM
Proposal 2	The RACH-less procedure is extended beyond LTE RACH-less by allowing the network to indicate any TA-value in the cell switch command
Proposal 3	Subject to network configuration, UE estimation of TA of the target cell is supported as one option for the RACH-less solution.
Proposal 4	The PRACH transmission for establishing TA to a candidate cell is a single PRACH transmission with no follow-up RAR reception
Proposal 5	The network is performing the TA management.
Proposal 6	The TA value for the target cell is signaled in the cell switch command.
Proposal 7	Focus discussion on PDCCH-ordered RACH procedure and TA management
[bookmark: _In-sequence_SDU_delivery]References
R2-2211061 (R1-2210810), LS on RAN2 agreements about L1/L2-triggered mobility (LTM), RAN2, RAN2#119bis-e, October 2022

	4/4	
image1.png
T: t . i
Candidate aree Cell switch Data using
config apPPears - ommand Preamble  RAR indicated
beam
Tmeas I
e —————— e ———— -~
1
i
TRRC Tprocessing,l Tcmd Tprocessing,z : Tsearch TA Tfirst-data
1
|
UE reconfiguration | DL synchronization
S —————
| Interruption | New cell &

TCl state




image2.jpeg
Candidate
config

Trec [N

UE reconfiguration 1

Meas.
report

gNB

trigger ERACH
Preamble
X

Cell switch

command
with TA Data using
indicated
beam
]
Tcmd Tprocessing,2 1 Tﬁrst,dam

UE reconfiguration 2

e

New cell &
TCl state

interruption




