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1 Introduction
In RAN2# 119bis-e meeting, the dynamic switch for L1/L2 mobility has been discussed. Several agreements have been achieved on cell switch triggering, cell switch command and lower layer cell switch procedure [1]:
· 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 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 RAN2# 120 meeting, LTM cell switch triggering mechanism was further discussed. The following agreements were achieved [2]:
· The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.

· LTM cell switch is supervised by a timer.

· UE arrival in the target cell need to be indicated (somehow).

· RAN2 to have the mindset to have a common design for partial MAC reset for different cell change cases in intra-DU scenario (as far as reasonable).
In RAN1 #111 meeting, RAN1 agreed to support PDCCH ordered RACH as a RACH based solution for early TA acquisition before cell switch command is issued by the source cell [3]: 

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

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 
In this contribution, we discuss the issues with early triggered RACH and further discuss the details of lower layer operations for dynamic cell switch including the beam indication for candidate cells and target cell. There is MAC impact from the suggested low latency L1/L2 mobility. 
2 Discussion
2.1 Issues with early triggered RACH
PDCCH ordered early RACH before cell switch was agreed in last RAN1#111 meeting. However, limitations of this early RACH scheme can be observed from RAN2 perspective. It largely depends on that the connection with the source cell is maintained for long enough time. In many mobility scenarios there is not much room to perform RACH early and complete in time due to the following limitations:

1. RACH cannot be performed too early. Standards require that RACH is performed after corresponding DL synchronization is completed. The preamble transmission timing should be the UE acquired target cell reference signal timing. A UE must be close enough to the target cell to perform RACH. Otherwise, RACH access will likely fail. 
2. In high frequency and fast UE speed scenarios, letting 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 which is much worse than service interruption caused by HO random access.

3. 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. As a result, the PDCCH ordered early RACH could not be performed in parallel with the measurement and DL synchronization. The RACH delay with the target cell is still existing and included in the overall UL synchronization delay for enabling the link with the target cell. Other early RACH(s) for other candidate cell(s) do not help the delay reduction for the final target cell. As discussed in above 1. and 2., in a lot of mobility scenarios, the source/target cells coverage overlap is limited, RACH has to be performed at the source/target cells’ border area and in the critical time window of mobility (from RACH can be started to source link dropped). In those cases, PDCCH ordered RACH still has to be part of cell switch process. Therefore, the PDCCH ordered early RACH does not really reduce the cell switch latency and hardly fulfill the fast cell switch task for LTM. It does not help the throughput improvement for UEs during the mobility, and it also cannot avoid service interruption when fast cell switch is required.
In general, PDCCH ordered RACH is only suitable in low frequency, slow UE and DC scenarios where large cell coverage overlap exists at the border area of the source and target cells. It is not enough to serve the purpose of supporting the fast cell switches in LTM as required by this WID. A RACH-less solution is required.
Observation 1: PDCCH ordered RACH does not eliminate RACH delay from cell switch latency and relies on the UE stable connection with the source cell for long enough time, therefore it cannot fulfil the fast cell switch task which is required by this WID in fast mobility and high frequency scenarios.

The radio resource efficiency is another question since for those candidate cells early RACH was triggered but not selected as the target cell, the resources involved for their RACH accesses are wasted. Regarding the final target cell, if there is no data arrival on the target leg after the RACH and TAT is expired, the PDCCH ordered random access to the target cell has to be performed again to update the valid TA. 

Observation 2: PDCCH ordered early RACH may introduce wasted RACH activities and incur low resource utilization efficiency of RACH.
After RAN1 #111 meeting, RAN1 is discussing “whether/how to transmit RAR” for PDCCH ordered early RACH. Given RAR and associated procedure are part of MAC. It should also be discussed in RAN2. In fact, the issue is due to a side-effect introduced by early triggered RACH: Following the legacy RACH procedure, after preamble is successfully transmitted to the target cell, the UE receives RAR from the target cell to get target cell determined TA and so on. The early RACH’s preamble transmission and RAR reception introduce the service interruption with the source cell, unless there are parallel L2 stacks supporting parallel source cell transmission/reception and target cell RACH transmission/reception. This would not be an issue if DC can be enabled. In last RAN1 meeting, there was proposal to eliminate RAR for PDCCH ordered early RACH to avoid DL service interruption on the source cell. The consequence is that the target cell determined TA has to be delivered to the source cell first via backhaul then sent to the UE by cell switch command over the air interface. This introduces additional delay for the UE to obtain the target TA and increases the latency for the UE to enable the second leg with the target. Furthermore, Non-RAR requires the source cell to wait more time to get the target TA through network backhaul before issuing the cell switch command. This leads to increased chance of source link failure before the cell switch command is issued which causes a handover failure (HOF). As a result, the HOF rate is increased. It should also be pointed out, without RAR, in order to deliver the target TA from the target cell to the source cell, network interface enhancement is required. Additional change on procedure is also required. Given the limitations with the early RACH scheme itself, and the limited interruption benefits only for non-DC scenario with low cost UEs and the drawbacks introduced by the non-RAR approach, we believe that further enhancement for non-RAR early RACH is not worth. The source cell should be allowed to send out cell switch command before the expected source link failure, without waiting for the completion of PDCCH ordered early RACH. Therefore, maintaining the RAR from the target cell is desirable. 

Observation 3: Without RAR from the target cell, the target TA has to be delivered from the target cell to the source cell through network backhauls, then from the source cell to the UE via air interface. This introduces more delay for the UE to get TA, and therefore increases LTM cell switch latency.

Observation 4: Without RAR from the target cell, the source cell has to wait for the arrival of target TA from network after PDCCH ordered early RACH is triggered. The longer waiting time the higher chance of source link failure before issuing the cell switch command, and therefore it increases the HOF rate.
Observation 5: Given the limitations of PDCCH ordered early RACH, and limited benefit and many drawbacks without RAR, it is not worth to remove RAR and further enhance the early RACH scheme.

Proposal 1: Maintain the RAR for PDCCH ordered RACH and no further enhancement is needed.

Proposal 2: Allow the source cell issuing cell switch command to the UE without waiting for the completion of the previously PDCCH triggered RACH in case a source link failure is expected.
2.2 Issues with L1/L2 dynamic mobility
RAN2 agreed in last meeting that MAC CE is used to carry the LTM triggering information. From RAN1 perspective, the LTM triggering information is the target beam indication information, e.g., the TCI. In conventional RRC triggered HO, the candidate target beam indication i.e., the SSB and CSI-RS information is also included in the RRC HO command. It is the UE to select the SSB or CSI-RS of the final target beam and indicate to the target cell. Therefore, for LTM it is desirable for the source cell to indicate the candidate beams to the UE and the UE indicates the finally selected target beam to the target cell. For conventional handover, multiple candidate beams can be indicated to the UE via RRC HO command. For LTM, it is a question whether one target beam or more than one target beam should be allowed in the cell switch command MAC CE. If only one target beam is indicated in the cell switch command, it is the simplest. If more than one target beam can be indicated in the cell switch command, it makes things a bit more complicated. On the other hand, in LTM scenarios, the UE could travel at the boarder area with more than one candidate beams in good condition but beam conditions change fast. In this case, it is better to allow more than one candidate target beams in cell switch command. Then we have the question whether DCI should be used for final target beam selection. Considering the source cell is really based on the UE L1 measurement to make the decision. It is the UE obtained the L1 measurement first. From delay, signalling overhead, and UE TX power reduction point of view, it is better to let the UE making the final target beam selection rather than that the UE further reports L1 measurement then the source cell makes the decision and notifies the UE via DCI.  When letting the UE to making final decision, it is better to limit the number of candidate target beams indicated in the cell switch command, e.g., up to 3 candidate target beams.
Observation 6: In boarder area scenarios it is beneficial to let the cell switch command indicating more than one target SSB or CSI-RS explicitly or implicitly via TCI.
Observation 7: If multiple candidate target beam indications are allowed in the cell switch command, it is better to let the UE determining the final target SSB or CSI-RS. 

Proposal 3: More than one candidate target SSB or CSI-RS can be indicated in cell switch command.
Proposal 4: The UE decides the final target SSB or CSI-RS, and the number of the candidate target beams indicated in the cell switch command should be very limited (e.g., up to 3).

Another function with legacy random access 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 SSB or CSI-RS to indicate the selected target SSB or CSI-RS to the target cell. For RACH-less access to the target, new mechanism should be developed for the UE to indicate the finally selected SSB or CSI-RS to the target cell. Detailed method should be determined by RAN1.

Proposal 5: If UL synchronization is achieved without RACH, support the UE indicating the selected target beam to the target cell at the first UL transmission. The indication method should be determined by RAN1.

In RAN2#119bis-e meeting, there were discussions on allowing SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously triggered by the cell switch/activation command. In legacy system, the RRC SCG activation message/command supports the activation of the PSCell and the selected SCells in the same SCG at once. For LTM, comparing with the case to perform cell switch first then the new serving cell to issue the SCell activation MAC CE based on L1 measurement report, the case of activation SCells at the cell switching can reduce some of latency from L1 measurement/report at the new serving cell and additional signalling delay. But the reliability of the second case may be lower than the first case. In principle, if at same time the cell switch/activation criterion is met for a spcell, and at least one associated SCell also meets the activation condition, the qualified SCell can be triggered together with the LTM triggering command for the spcell. We consider SCell activation/deactivation triggered by PSCell activation command MAC CE is an optimization. It in principle can be done with some additional work on MAC if we have time in Rel-18. 
Observation 8: If at same time a candidate spcell meets switch/activation criterion, and at least one associated SCell also meets the activation condition, the SCell can be activated together with the spcell via the cell switch/activation command.
Observation 9: SCell activation/deactivation triggered by cell switch/activation command is an optimization.
Proposal 6: Consider to work on the feature of SCell activation/deactivation triggered by spcell switch/activation command if we have time in Rel-18. 
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: PDCCH ordered RACH does not eliminate RACH delay from cell switch latency, and relies on the UE stable connection with the source cell for long enough time, it cannot fulfil the fast cell switch task which is required in high frequency and fast mobility scenarios.
Observation 2: PDCCH ordered early RACH may introduce wasted RACH activities and incur low resource utilization efficiency of RACH.
Observation 3: Without RAR from the target cell, the target TA has to be delivered from the target cell to the source cell through network backhauls, then from the source cell to the UE via air interface. This introduces more delay for the UE to get TA, and therefore increases LTM cell switch latency.

Observation 4: Without RAR from the target cell, the source cell has to wait for the arrival of target TA from network after PDCCH ordered early RACH is triggered. The longer waiting time the higher chance of source link failure before issuing the cell switch command, and therefore it increases the HOF rate. 
Observation 5: Given the limitations of PDCCH ordered early RACH, and limited benefit and many drawbacks without RAR, it is not worth to remove RAR and further enhance the early RACH scheme.

Observation 6: In boarder area scenarios it is beneficial to let the cell switch command indicating more than one target SSB or CSI-RS explicitly or implicitly via TCI.

Observation 7: If multiple candidate target beam indications are allowed in the cell switch command, it is better to let the UE determining the final target SSB or CSI-RS. 

Observation 8: If at same time a candidate spcell meets switch/activation criterion, and at least one associated SCell also meets the activation condition, the SCell can be activated together with the spcell via the cell switch/activation command.

Observation 9: SCell activation/deactivation triggered by cell switch/activation command is an optimization.

Proposal 1: Maintain the RAR sending from the target cell for PDCCH ordered RACH and no further enhancement is needed.

Proposal 2: Allow the source cell issuing cell switch command to the UE without waiting for the completion of the previously PDCCH triggered RACH in case a source link failure is expected.
Proposal 3: More than one candidate target SSB or CSI-RS can be indicated in cell switch command.

Proposal 4: The UE decides the final target SSB or CSI-RS, and the number of the candidate target beams indicated in the cell switch command should be very limited (e.g., up to 3).

Proposal 5: If UL synchronization is achieved without RACH, support the UE indicating the selected target beam to the target cell at the first UL transmission. The indication method should be determined by RAN1.

Proposal 6: Consider to work on the feature of SCell activation/deactivation triggered by spcell switch/activation command if we have time in Rel-18.
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