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1.	Introduction
In Rel-18, L1L2 mobility is one of the important features for further NR mobility enhancements, which is introduced in order to reduce latency, overhead and interruption time [1]. In this paper, we discuss the remaining issues of L1/L2-Triggered Mobility (LTM) execution procedure.
2.	Discussion
2.1.	Incoming LSes from other WGs
RAN2 have two LSes from RAN1 and RAN3, which appear to be relevant to the LTM execution procedure. in [2], RAN1 asks RAN2 to check the feasibility and potential impact on specs of RAN2 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in the agreement in the previous meeting RAN1#112 (see below).
	B. 	PDCCH ordered RACH
Regarding the configuration/indication of RAR reception for PDCCH ordered-RACH, RAN1 achieved the following agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2

As the feasibility of schemes included in the agreement above is related to the designs of RAN2 and RAN3, RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in this agreement.


In RAN1#111 meeting, the following is agreed [3]:
· 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
By the RAN1 agreement, the PDCCH ordered RACH-based TA acquisition/update procedure is only triggered by source cell in the early sync phase. In other words, with the PDCCH ordered RACH-based TA acquisition/update procedure, the TA between UE and the candidate cell is managed at the network side.
If UE obtains the TA of candidate cell by receiving the RAR, then the cell switch command could be lightened by omitting the TA value. On the other hand, since the RAR window is 10 ms long, the interruption due to RACH toward the candidate cell can be reduced if UE does not receive RAR from the candiate cell during the early sync phase. Further, if the number of candidate cells is too large for UE to store all TA values of candidate cells due to the limit of UE capability, it is beneficial to manage some TA values in the network rather than UE in order to reduce UE burden caused by storing TA values of a number of candidate cells. The futher discussion on TA of candidate cells for LTM is presented in our accompanying paper [4].
Proposal 1. RAN2 confirms that, in early sync, TA acquisition/update by PDCCH ordered RACH with or without RAR reception is feasible.
In [5], RAN3 asks RAN2 to provide the feedback on the following approaches:
	RAN3 has discussed the following two approaches to support inter-DU LTM cell switch during execution.
Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch.
Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.


If the TA of a candidate cell is aquired by PDCCH ordered RACH without RAR reception, the cell switch command indicating handover to the candidate cell needs to include the TA of candidate cell in order for UE to perform RACH-less LTM execution. For inter-DU LTM, inter-DU signaling via CU is necessary for the serving gNB-DU to obtain the TA of target cell if the TA is aquired by PDCCH ordered RACH without RAR reception. Regrettably, since the serving gNB-DU transmits the cell switch command before inter-DU signaling via CU in Approach 1, the serving gNB-DU can not obtain the TA of target cell and hence the TA is not included in the cell switch command if the TA is aquired by PDCCH ordered RACH without RAR reception. Consequently, the reception of the cell switch command without the TA of target cell may require CBRA to the target cell during LTM cell switch, which may result in a large interruption. In Approach 2, on the other hand, the serving gNB-DU first requests information, e.g., the TA of target cell, from the target gNB-DU before transmitting the cell switch command. This means that the serving gNB-DU obtains the TA of target cell before transmitting the cell switch command. In conclusion, Approach 2 supports TA acquisition/update by PDCCH ordered RACH without RAR reception, whereas Approach 1 may not.
In addition to the above issue, RAN2 needs to consider the race condition between execution of inter-DU LTM and delivery of RRC messages. In [6], there are two kinds of race conditions are introduced:
· Race condition #1: execution of inter-DU LTM by the UE vs. delivery of RRC messages to the UE via the source gNB-DU.
· Step 1: The source gNB-DU (S-DU) sends a cell switch command to UE. The cell switch command indicates a target LTM cell served by target gNB-DU (T-DU).
· Step 2: The UE detaches from S-DU cell to execute LTM. S-DU sends notification of LTM triggering to the CU. Before the CU receives this notification, the CU sends an RRC message to the UE via S-DU as a container in an F1AP message. S-DU decapsulates the RRC message for the UE but fails to deliver the message to the UE.
· Step 3: The CU becomes aware that the UE successfully accessed T-DU cell. The CU should determine whether to retransmit the RRC message to the UE via T-DU.
· Race condition #2: execution of inter-DU LTM by the UE vs. the processing of an RRC message received together or before the cell switch command.
· Case A: The UE may receive the RRC message and the cell switch command in the same transport block scheduled by S-DU
· Case B: The UE may receive the RRC message first. Before the UE completes processing and reconfiguration based on the RRC message, the UE receives the cell switch command.
The problems that can arise as a result of the race condition given above are well documented in [6]. From above, we observe that a cell switch command transmission at S-DU without CU confirmation (i.e. Approach 1) can cause race conditions that may lead to initiation of the RRC connection reestablisment procedure or confusion of RRC message processing at both UE and network. Therefore, it is desirable to support Approach 2 to prevent race conditions.
Proposal 2. RAN2 supports Approach 2, i.e., the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.

2.2.	Resource starvation at a candidate cell
After configuring the UE with a legacy conditional mobility (e.g., CHO, CPA, or CPC), the candidate cell reserves the resource indicated in the pre-configuration for the UE until the reconfiguration with sync for the UE is completed or the network releases the pre-configuration. This means that the candidate cell does not allocate the resource indicated in the pre-configuration to other UEs until the mobility completion of the UE or the release of the pre-configuration by the network. Since, in legacy conditional mobility, it is assumed that a candidate cell will soon become a serving cell for the UE, candidate cells other than the candidate cell to be the serving cell reserve the resources for conditional mobility of the UE for a short time. Hence, a candidate cell, in legacy conditional mobility, may not suffer from resource shortage caused by reserving resources for conditional mobility.
For Rel-18 LTM, a candidate cell may not assumed to be a serving cell soon because it seems that a cell, which cannot soon become a serving cell for the UE, can be designated as a candidate cell for LTM dynamic cell switch. Further, the UE does not discard the configurations of candidate cells for subsequent LTM, which means that the UE preserves the pre-configurations for LTM after successful completion of an LTM execution. Consequently, a candidate cell may reserve the resource for the UE for a long time. If one cell is configured as an LTM candidate cell for a plurality of UEs, the cell would experience resource starvation caused by reserving many resources for LTM.
Observation 1. Since a candidate cell may undergo resource starvation caused by reserving many resources for LTM, it is not desirable for the candidate cell to reserve the resource for LTM.
In order to execute LTM dynamic cell switch, the UE would firstly apply the RRC configuration of the candidate cell indicated by the MAC CE carrying LTM related information (e.g. configuration index of candidate cell). After application of the RRC configuration, for CFRA-based LTM execution case, the UE would transmit, to the candidate cell, the RA preamble configured in the RACH-ConfigDedicated IE with the configuration of first active UL BWP (i.e. firstActiveUplinkBWP IE) as in legacy reconfiguration with sync.
If all CFRA preambles of a cell is used for configuring CFRA-based LTM dynamic cell switch for a plurality of UEs, the cell would reserve all CFRA preambles for LTM dynamic switch. Then, the cell may not admit a new UE other than the UEs configured with CFRA-based LTM by another mobility (e.g. legacy handover, CHO, CPA, CPC, etc.) due to lack of CFRA preambles. In other words, a cell may not allocate a CFRA preamble to a UE, which needs to move into the cell by a mobility other than LTM, even if one or more CFRA preambles are being not used for mobility (i.e., just reserved for UEs configured with CFRA-based LTM) at the moment the UE needs to move into the cell.
The resource starvation problem due to LTM described above can be addressed by configuring a physical channel of a BWP for LTM in a shared manner. Specifically, two or more sets of configurations for a physical channel of a BWP is configured for the UE with the pre-configuration of LTM. The physical channel configurations included in the pre-configuration are not reserved for the UE and can be used for UEs served by the candidate cell or a new UE, which needs to move into the cell by mobility, until the UE executes a cell switch to the candidate cell. If the source cell detects the need of LTM dynamic cell switch to the candidate cell for the UE, the source cell initiates negotiations with the candidate cell, where the negotiation may be on the coordination over F1 among serving DU, target DU, and CU. During the negotiation between the source cell and the candidate cell to determine whether to perform an LTM dynamic cell switch from the source cell to the candidate cell for the UE, the candidate cell may reserve one physical configuration out of the configurations for the physical channel of the BWP initially applied at LTM execution in the pre-configuration for the UE, and then the candidate cell indicates the reserved physical channel configuration to the source cell. The reserved physical channel configuration is indicated by the MAC CE triggering LTM dynamic cell switch (e.g. Cell Switch MAC CE).
Observation 2. The resolve the resource starvation problem due to LTM could be addressed by configuring a physical channel of a BWP for LTM in a shared manner, e.g., by the followings:
· Two or more sets of configurations for a physical channel of a BWP is configured for the UE with the pre-configuration;
· The physical channel configurations included in the pre-configuration are not reserved for the UE and can be used for UEs served by the candidate cell or a new UE, which needs to move into the cell by mobility, until the UE executes a cell switch to the candidate cell;
· The source cell initiates negotiations with the candidate cell if the source cell detects the need of LTM dynamic cell switch to the candidate cell for the UE;
· During the negotiation between the source cell and the candidate cell to determine whether to perform an LTM dynamic cell switch from the source cell to the candidate cell for the UE, the candidate cell may reserve one physical configuration out of the configurations for the physical channel of the BWP initially applied at LTM execution in the pre-configuration for the UE;
· The reserved physical channel configuration is indicated by the MAC CE triggering LTM dynamic cell switch (e.g. Cell Switch MAC CE).

Based on the above observations, we propose the followings (i.e. Proposals 1 and 2):
Proposal 3. For the pre-configuration of a candidate cell, the UE is configured with two or more sets of configurations for a physical channel of a BWP.
Proposal 4. For each physical channel presented as a set of configurations in the preconfiguration, Cell Switch MAC CE indicates one physical channel configuration out of the corresponding set of configurations. FFS inter-node signaling for determining the physical channel configuration to be indicated is up to RAN3.

2.3.	TA management for RACH-less LTM
In the meeting RAN2#119bis-e, RAN2 made the following agreement:
	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.



In the meeting RAN1#111, the followings were agreed:
	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
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



From the above agreements related to RACH-less LTM, the initial TA acquisition and TA updating for a candidate cell is triggered by the network, i.e., PDCCH order triggered RACH in a candidate cell. If a number of candidate cells are configured for the UE, the UE may need to frequently perform a PDCCH order triggered RACH in each candidate cell. This implies that the UE may spend a considerable amount of time for TA management of the candidate cells, which results in a communication interruption between the UE and serving cells.
To reduce the interruption due to TA management of the candidate cells, it may be beneficial to group candidate cells to share the same TA value. That is, the UE can be configured with multiple TAGs for candidate cells. For example, the UE is configured with 8 candidate cells for RACH-less LTM, where the candidate cells can be classified into three groups to share the same TA value, e.g., TAG#1 ={CCell#1, CCell#4}, TAG#2={CCell#2, CCell#3, CCell#7}, and TAG#3={CCell#5, CCell#6, CCell#8}. The UE performs PDCCH order triggered RACH eight times if TA is managed at the cell-level, while the UE performs PDCCH order triggered RACH three times if TA is managed at the TAG-level. It is observed that TAG-level TA management shows less interruption due to TA update than cell-level TA management. Therefore, it is beneficial to group candidate cells to share the same TA value, i.e., the UE can be configured with multiple TAGs for candidate cells.
Proposal 5. Candidate cells can be grouped to share the same TA value for RACH-less LTM, i.e., TAs of candidate cells for a UE can be grouped with multiple TAGs.

2.4.	How to indicate UE arrival in the target cell
In the case of RACH-based LTM execution, the UE may transmit, to the candidate cell, an RA preamble indicated in the pre-configuration. As described in Observation 1, with legacy principle, configurations for CFRA-based LTM may cause the resource starvation problem. If Proposal 1 and Proposal 2 to resolve the resource starvation problem are agreed, Cell Switch MAC CE indicates the RA preamble to be used for executing LTM by referring to one of configurations for PRACH in the pre-configuration. The UE transmits the RA preamble indicated in Cell Switch MAC CE if the MAC CE indicates the RA preamble to be used for LTM execution, the UE transmits the RA preamble indicated in the pre-configuration otherwise.
Proposal 6. In the case of RACH-based LTM execution, the UE transmits an RA preamble to the candidate cell.
In the case of RACH-less LTM execution, the UE transmits an UL signal to the candidate cell to notify its arrival. It is FFS on which UL signal will be used for indicating UE arrival in the candidate cell (i.e. target cell). In legacy mobility, the UE executes the mobility by transmitting the RRCReconfigurationComplete message to the target cell, where the RRCReconfigurationComplete message is a response to the RRCReconfiguration message triggering the mobility. Since the MAC CE (e.g. Cell Switch MAC CE) is transmitted to the UE for triggering LTM, it is straightforward that the UE transmits to the target cell a kind of Complete MAC CE (e.g. Cell Switch Complete MAC CE) to respond to the MAC CE triggering the LTM.
Proposal 7. In the case of RACH-less LTM execution, the UE indicates the arrival to the target cell by transmitting Cell Switch Complete MAC CE.
In legacy LTE RACH-less handover, the UE transmits the RRCConnectionReconfigurationComplete message to the target cell when the RRCConnectionReconfiguration message including mobilityControlInfo and rach-Skip. Then, the UE stops T304 upon the successful reception of a PDCCH transmission addressed to C-RNTI, which means that the UE determines whether LTE RACH-less handover is successfully completed or not based on PDCCH reception. Since a timer is introduced to detect a failure of LTM execution, the UE needs to know whether LTM is successfully or not. As in the legacy LTE RACH-less handover, the UE may consider LTM is successfully completed when a PDCCH from the target cell is successfully received. Therefore, during LTM execution procedure, the UE monitors PDCCH from the target cell after transmitting the first UL signal to the target cell (i.e. upon indicating the arrival to the target cell).
Proposal 8. The UE starts PDCCH monitoring from the target cell upon indicating the arrival to the target cell.

2.5.	UE burden due to candidate cells
The solution for TA acquisition and update developed by RAN1 is a NW-triggered RACH-based method, i.e., the initial TA between the UE and the candidate cell is obtained by PDCCH order triggered RACH and then the TA is updated by PDCCH order triggered RACH if needed. Meanwhile, it is still FFS on how to acquire/update TA in a RACH-less manner, 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).
RACH-less TA management (i.e. TA acquisition/update in a RACH-less manner) would be useful because the NW-triggered RACH-based TA management may not be faultless for Rel-18 LTM. Since most solutions for RACH-less TA management on the table are UE-based approaches, the UE stops communicating with a serving cell and performs UE-based TA management to a candidate cell if the condition for TA acquisition/update to the candidate cell is met. If a number of candidate cells are configured for LTM, the UE may frequently stop communicating with a serving cell to manage TAs of the candidate cells.
In a similar context to the above, the UE may suspend communication with a serving cell due to L1 measurement reporting for candidate cells. If many candidate cells are configured for LTM, the UE may frequently stop communicating with a serving cell to report L1 measurement results of the candidate cells. To reduce the suspension caused by L1 measurement reporting for candidate cells, the network can configure the UE with long periods for L1 measurement reporting for some candidate cells. However, configuring the L1 measurement reporting with a long period cannot resolve the problem for some cases. In an environment in which wireless channels fluctuates very quickly (e.g., FR2 environment), the UE needs to report L1 measurement results of candidate cells with short periods in order to perform LTM dynamic cell switch frequently.
In summary, the UE may stop communicating with a serving cell due to TA management and L1 measurement reporting for the candidate cells. This may cause communication interruption. In our view, deactivating some candidate cells could mitigate the communication interruption due to TA management and L1 measurement reporting for LTM. Based on L1 or L3 measurement results of candidate cells, the network may deactivate some candidate cells for the UE among all candidate cells configured for LTM. The UE performs TA management and L1 measurement reporting for activated candidate cells, while the UE does not perform TA management and L1 measurement reporting for deactivated candidate cells.
Proposal 9. A new mechanism to support deactivation/activation of candidate cells is needed.
Proposal 10. For a deactivated candidate cell, the UE does not perform TA management and L1 measurement reporting.


3.	Conclusion
In this paper, we have made the following observations and proposals:
Observation 1. Since a candidate cell may undergo resource starvation caused by reserving many resources for LTM, it is not desirable for the candidate cell to reserve the resource for LTM.
Observation 2. The resolve the resource starvation problem due to LTM could be addressed by configuring a physical channel of a BWP for LTM in a shared manner, e.g., by the followings:
· Two or more sets of configurations for a physical channel of a BWP is configured for the UE with the pre-configuration;
· The physical channel configurations included in the pre-configuration are not reserved for the UE and can be used for UEs served by the candidate cell or a new UE, which needs to move into the cell by mobility, until the UE executes a cell switch to the candidate cell;
· The source cell initiates negotiations with the candidate cell if the source cell detects the need of LTM dynamic cell switch to the candidate cell for the UE;
· During the negotiation between the source cell and the candidate cell to determine whether to perform an LTM dynamic cell switch from the source cell to the candidate cell for the UE, the candidate cell may reserve one physical configuration out of the configurations for the physical channel of the BWP initially applied at LTM execution in the pre-configuration for the UE;
· The reserved physical channel configuration is indicated by the MAC CE triggering LTM dynamic cell switch (e.g. Cell Switch MAC CE).

Proposal 1. RAN2 confirms that TA acquisition/update by PDCCH ordered RACH with or without RAR reception is feasible.
Proposal 2. RAN2 supports Approach 2, i.e., the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
Proposal 3. For the pre-configuration of a candidate cell, the UE is configured with two or more sets of configurations for a physical channel of a BWP.
Proposal 4. For each physical channel presented as a set of configurations in the preconfiguration, Cell Switch MAC CE indicates one physical channel configuration out of the corresponding set of configurations. FFS inter-node signaling for determining the physical channel configuration to be indicated is up to RAN3.
Proposal 5. Candidate cells can be grouped to share the same TA value for RACH-less LTM, i.e., TAs of candidate cells for a UE can be grouped with multiple TAGs.
Proposal 6. In the case of RACH-based LTM execution, the UE transmits an RA preamble to the candidate cell.
Proposal 7. In the case of RACH-less LTM execution, the UE indicates the arrival to the target cell by transmitting Cell Switch Complete MAC CE.
Proposal 8. The UE starts PDCCH monitoring from the target cell upon indicating the arrival to the target cell.
[bookmark: _GoBack]Proposal 9. A new mechanism to support deactivation/activation of candidate cells is needed.
Proposal 10. For a deactivated candidate cell, the UE does not perform TA management and L1 measurement reporting.
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