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1.  Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. Main steps are: 1) the network provides candidate cells pre-configuration to the UE, 2) the UE reports L1 measurement results, 3) the network triggers a cell switch command, and 4) the UE switches to the target cell. In this contribution, we further analyse the cell switch procedure, including L2 behaviours during cell switch, the content of the cell switch command, and handover failure handling. In addition, we discuss the scenario where LTM is enabled together with legacy L3 handover.
2. Discussion
2.1 L2 behaviours
2.1.1 Partial/full MAC reset
In order to reduce the handover interruption, RAN2 discussed the L2 behaviours during LTM cell switch. The related agreements are extracted as follows.
	RAN2 119
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
RAN2 119bis
No security update support in Rel-18 with L1/L2 based mobility.
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 
RAN2 120
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)
The summary in [R2-2213336] could be considered as the starting point for partial reset in intra-DU.


Partial MAC reset is one possible behaviour for intra-DU LTM. Many MAC behaviours are directly related to the serving cell, e.g., RACH, BSR, PHR, etc. Maintaining those MAC operations has little or no meaning when the UE switches to a new cell, so it is unreasonable to maintain them by partial MAC reset. What we could consider to maintain are the operations that operate at levels “higher” than cell. E.g., Bj calculation in LCP is calculated at LCH level, and BSR procedure operates at LCH level as well. For those “higher level” MAC operations, RAN2 could consider whether they need to be maintained during LTM cell switch.
Bj and BSR
In the NR full MAC reset, Bj is initialized to zero. In partial MAC reset during LTM cell switch, for those LCHs that exist in both source cell (group) and target cell (group), it is possible for the UE to maintain the Bj calculation, instead of setting it to zero. This operation does not reduce the interruption much, but when the UE moves in a certain area (e.g., intra-DU), the uplink scheduling fairness for difference LCHs can be guaranteed.
Proposal 1: For partial MAC reset, RAN2 can consider skipping Bj initialization to zero, if the associated LCH still exists in the target configuration. 
Regarding the BSR procedure, all triggered BSRs are cancelled in full MAC reset. In LTM, if the UE maintains the triggered BSR, it will report the BSR MAC CE to the target cell very soon. It is helpful to provide the UE buffer status information to the network for better uplink scheduling decision. The regular BSR is triggered per LCH, so a requirement of maintaining triggered regular BSR is that the UE still has this LCH in the target, and this LCH still belongs a LCG. For periodic BSR, the periodicBSR-Timer can continue running during partial MAC reset and the triggered periodic BSR can be maintained as well. As for padding BSR, if it is triggered in the source cell, it should be already sent to the source cell so there is no need to maintain the triggered padding BSR.
Another solution for letting the network know the UE buffer status very soon is that the UE triggers a BSR after LTM cell switch, without maintaining any triggered BSR of the source cell. In LTM, PDCP and RLC may remain without performing re-establishment. In this case, if the UE has new UL data with the same or lower priority than the data already in UE’s RLC and PDCP, regular BSR will not be triggered. And the target cell will get the buffer status information late. Therefore, if the UE is able to trigger a BSR after LTM cell switch, it helps the network get the UE buffer status information soon and make reasonable uplink scheduling decision. Note that this solution is helpful when the RRCReconfiguration message is not needed after LTM cell switch. Because if the RRCReconfiguration message is still needed, it will trigger a regular BSR in the target cell since the SRB1 message has high priority.
Observation 1: If an RRCReconfiguration message is not transmitted after LTM cell switch and RLC re-establishment/PDCP data recovery is not performed, the regular BSR at the target cell may not be triggered timely (e.g. due to no immediate high priority data arrival).
Proposal 2: RAN2 to discuss following handling of the triggered BSR during LTM cell switch:
- Option 1: in partial MAC reset, the UE skips the triggered BSR cancellation, if the LCH that triggered the BSR still exists in the target configuration. 
- Option 2: in partial MAC reset, the UE still cancels the triggered BSRs at the source cell like in Rel-17. The UE should be able to trigger a new regular BSR at the target cell at LTM execution.
According to the above analysis, the Bj calculation and BSR procedures operate at LCH level, and RAN2 could discuss how to deal with these procedures in partial MAC reset. Now we discuss other MAC procedures that have close relation with the serving cell, including HARQ processing, RACH procedure, and time alignment timer running.
HARQ
In RAN2 #120 meeting, RAN2 discussed whether UL/DL HARQ buffers can be maintained during intra-DU LTM cell switch. Maintaining HARQ buffers enables HARQ retransmission in the target cell for an old TB in the source cell. Companies supporting maintaining UL/DL HARQ buffers think this may reduce UM data loss and reduce AM RLC re-transmission time. However, this operation has many restrictions in the practical scenario and it may greatly increase the NW and UE complexity for HARQ buffers maintaining. In order to perform HARQ retransmission in the target cell for an old TB in the source cell, the target cell should set the retransmission TB size the same with the initial transmission in the source cell. The channel quality of the target cell is usually better than the source cell, so the target cell could send a TB with a larger size. If the target cell uses a smaller TB size for retransmission of an old TB, this reduces the data rate.
Observation 2: In order to maintain the HARQ during cell switch, the TB size for retransmission of one MAC PDU in target cell has to be the same as the previous one in the source cell, which is not a typical assumption in practice and may limit the data rate. 
In the current model, each serving cell has its own HARQ entity, and each HARQ entity has its own HARQ buffers. In order to maintain HARQ buffers, first we need to consider which source HARQ entity is maintained to which target HARQ entity. When we consider LTM in CA case, the source cell group may have different number of serving cells with the target cell group. Even the number is the same, the SCell serving cell ID still may be different. Therefore, an association or a mapping between source cell/HARQ entity and target cell/HARQ entity needs to be defined, then the UE and the NW can have the same understanding for the content in the HARQ buffers of each HARQ entity. It is complicated to define a clear rule for LTM in CA cases.
[image: ]
Observation 3a: In order to maintain the HARQ entities during cell switch in CA scenario, the association between each HARQ entity and target cell needs to be defined, i.e. the mapping relationship from source cell to the associated target cell for each maintained HARQ entity.
Observation 3b: It is unclear (could be complicated) how to define/indicate the mapping relationship of HARQ entities, if the number of serving cells is different between source and target.
Regarding LTM in non-CA case (i.e., single PCell LTM), the number of HARQ processes still could be different in the source PCell and the target PCell. Therefore, an association or a mapping of HARQ process ID between the source and the target cell, then the UE and the NW can have the same understanding for the content in the HARQ buffers of each HARQ process. It is unclear how to define such a rule. In addition, HARQ process ID is calculated based on the time domain location of the resources of configured grant and DL SPS. If the source cell or the target cell uses configured grant or DL SPS, and the configured grant and DL SPS configuration (e.g., periodicity) is different between the source and the target cell, the HARQ process ID association becomes much more complicated. 
Observation 4a: It is unclear (could be complicated) how to define/indicate the mapping relationship of HARQ process ID between source and target configuration, for each maintained HARQ entity.
Observation 4b: For the maintained HARQ entity, the mapping relationship of HARQ process ID between source and target becomes even more complicated, when configured grant and DL SPS configurations change, e.g. nrofHARQ-Processes and periodicity.
Based on the above observations, HARQ buffers should be flushed upon cell switch in LTM.
Proposal 3: The UE clears HARQ buffers upon cell switch in LTM.
Time alignment timer and RACH
The UE runs time alignment timer to determine whether the TA towards the serving cell is valid or not. In LTM, RAN1 is studying how to obtain the early TA towards the candidate cell before cell switch. The source cell sends a PDCCH order to trigger the UE sending preamble to the target cell is a possible solution, as shown in RAN1’s agreement below [2].
	 RAN1 #111 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


Different alternatives in RAN1 could result in different UE behaviour related to time alignment timer. E.g., if Alt.1 is chosen, the UE gets the TA from the RAR when the UE is still in the source cell, and the UE may need a candidate cell time alignment timer for checking whether this TA is still valid when cell switch happens. If the UE has this time alignment timer, after LTM cell switch, the UE may transfer the timer to the serving cell time alignment timer. If Alt.2 is chosen, the time alignment timer for candidate cell is not needed, and the UE begins to use the TA in cell switch command after cell switch. Maintaining time alignment timer during cell switch can be discussed after RAN1 finalizes the detailed solution for early TA towards candidate cell.
Proposal 4: RAN2 postpones the discussion on timeAlignmentTimer maintenance in partial MAC reset, which can resume after RAN1 has finalized the detailed solution for early TA towards candidate cell.
As for the ongoing RACH procedure in the source cell, it should be stopped during LTM cell switch, because the UE is going to switch to a new cell, and the RACH towards the source cell has no usage.
Proposal 5: RACH related operations should be reset in LTM (e.g. stop ongoing RACH procedure, flush MsgA/Msg3 buffer and release Temporary C-RNTI). 
2.1.2 PDCP & RLC behaviours
Since Rel-18 LTM is applicable to intra-CU case only and RAN2 agreed that no security update support by LTM, PDCP re-establishment can be avoided, which helps to reduce the handover interruption time.
Proposal 6: There is no need for PDCP re-establishment in LTM.
Regarding AM and UM DRBs, in intra-DU LTM, the RLC can remain as it is without re-establishment. In this case, for those DRBs, the PDCP can also remain as it is. In inter-DU LTM, the RLC re-establishment is performed for both AM and UM DRBs. PDCP data recovery is needed for AM DRBs, while PDCP can remain as it is for UM DRBs.
Regarding SRB, in L3 handover, the network can set discardOnPDCP to true in L3 handover command. In this case, the PDCP entity of the UE shall discard all stored PDCP SDUs and PDUs. The benefit is that the UE does not need to transmit some signalling (e.g., the L3 measurement results of the source cell) which is not valid for the target cell. In LTM, the SRB discard behaviour should also be considered.
Proposal 7: Support the use of PDCP discard for SRB in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
2.1.3 L2 reset indication
As captured in the RAN2 minutes, there is one leftover issue from last RAN2 meeting:
	ON the determination of whether to reset L2: two options on the table: 
1. The UE determines whether the switch is intra DU or inter DU and the follows different rule or configuration for these two cases which controls whether to reset or not reset. Determination could be based on configuration (e.g. of a DU ID, cell group id etc)
2. The UE receives command to reset or not reset by Mac CE. 



When executing LTM cell switch, the UE needs to determine the exact L2 behaviours. Behaviours on different protocol layer have relationships. RLC and PDCP have very close relationship. E.g., for AM DRB, if RLC is re-established, then PDCP data recovery is necessary for avoiding data loss. And if RLC remains, the PDCP can remain as well. However, the relationship between MAC and RLC is not fixed. E.g., remaining on RLC does not have to work together with partial MAC reset, RLC remaining can work together will full MAC reset as well. Since there is no such a fixed association, the network should have the flexibility to control RLC/PDCP behaviour and MAC behaviour and separately.
Observation 5: There is a need to support the configuration, where PDCP data recovery/RLC re-establishment is not performed but MAC is fully reset.
Proposal 8: The RLC/PDCP behaviour and MAC reset behaviour should be controlled/configured separately.
As for how to indicate the L2 behaviours to the UE, there are companies supporting to use LTM MAC CE to indicate the behaviours. The main reason is: in subsequent LTM, for a particular target cell, the network does not know which cell is the source cell, so the network does not know it would be intra-DU or inter-DU handover. So the network should dynamically determine the L2 behaviours and notify to the UE via the LTM MAC CE. This assumption is not correct. The L2 behaviours for each pair of source cell and target cell is not dynamic, and it can be decided by the NW even during pre-configuration phase. E.g., the cell1 and cell2 are managed by the same DU, and the expect L2 behaviour is RLC remaining. This behaviour can be determined in advance, and it does not need dynamic determining.
[bookmark: _GoBack]Observation 6: The decision on L2 behaviours for each pair of source cell and target cell is not dynamic, which can be decided by the NW during pre-configuration phase.
In the pre-configuration phase, the network decides the L2 behaviours for a source cell and a target cell. And the network should configure an index for each candidate cell, this index can be called as a group-ID. The UE determines the L2 behaviours by comparing the value of the group-ID of the source cell and the target cell, if they have the same group-ID, the UE skips the L2 reset behaviour, e.g., the UE remains RLC. If they have different group-ID, the UE performs RLC re-establishment. With this method, we do not need to put many things in the MAC CE. In addition, it is still unclear how the DU determines PDCP behaviour during cell switch. Therefore, we propose to use RRC message in the pre-configuration to provide the L2 behaviour indication to the UE.
Observation 7: It is suitable for the CU to decide the PDCP behaviour, which means the L2 reset indication should be RRC configured anyway.
Proposal 9: The UE skips the L2 reset, if the target SpCell and source SpCell cell are configured with the same group-ID (i.e. a new group-ID is introduced in RRC signalling).
Proposal 10: FFS on the signalling design to support separate control for RLC/PDCP and MAC, via the configured group-ID.
With the above proposed method, the legacy RRC IE for controlling RLC and PDCP behaviour should be ignored by the UE.
Proposal 11: In LTM, the UE should ignore the legacy reestablishRLC/recoverPDCP in RadioBearerConfig, if any, since the L2 reset behaviour is explicitly indicated by the new R18 signalling.
2.2 LTM configuration index determination 
RAN2 assumes that a candidate configuration index should be contained in the LTM MAC CE. Since the LTM MAC CE is generated by the source DU/cell, the source DU/cell needs to understand the relationship between the candidate cell RS ID and the candidate configuration index. Because, the source DU/cell needs to read the L1 report, then finds a good target cell and target beam by the report content, and finally determines the target configuration index. As for how the source DU/cell know this relationship, it is up to RAN3’s discussion.
	RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 


Observation 8: The source cell needs to know the corresponding LTM configuration index for the target cell, so that it can determine the index to be included in the LTM Command MAC CE based on the L1 measurement result.
Proposal 12: The source DU/cell should know the relationship between the candidate cell (or the RS ID of the candidate cell) and its LTM configuration index. It is up to RAN3 on the detailed signalling.

2.3 BWP and SCell state determination
BWP determination
	FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility


RAN2 FFS how the UE determines the DL and UL BWPs of the target cell after cell switch. In legacy L3 handover, the UE obtain the active DL and UL BWP indication by firstActiveDownlinkBWP-Id (in ServingCellConfig) and firstActiveUplinkBWP-Id (in UplinkConfig of ServingCellConfig). In the candidate cell pre-configuration, the ServingCellConfig has to be provided to the UE. Therefore, we can use the current mechanism to determine the target cell BWP. There is no need to put BWP indication in the LTM cell switch command, the benefit of this kind of flexibility is unclear.
Proposal 13: The UE determines the UL BWP and the DL BWP upon the execution of the LTM according to the first active BWP configured in the pre-configuration of the target cell via RRC, as supported currently.
SCell state determination
	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 discussed target SCell activation/deactivation in LTM. In Rel-16, direct SCell activation is supported for L3 handover. By using this mechanism, in the pre-configuration step, candidate DU can set the sCellState for SCells that the DU wants to activate directly after cell switch. Companies mentioned that the SCell activation/deactivation indication can be included in LTM cell switch command. This seems impossible in inter-DU case, because the source DU has no clue how many SCells are pre-configured in a candidate DU and how many SCells that should be activated. Therefore, we propose to use the pre-configuration to complete SCell activation/deactivation simultaneously with LTM cell switch.
Proposal 14: To support SCell activation simultaneously with LTM execution, the network (target cell) can set the “sCellState-r16” in the candidate configuration of RRC, as supported currently.
2.4 Failure detection timer
In the last meeting, several companies mentioned the failure detection of the LTM procedure. In the Rel-17 L3 handover procedure, the timer T304 included in the handover command is used to control the failure or success of the L3 handover procedure. For the Rel-18 LTM procedure, the similar timer-based mechanism can be reused to detect the failure.
Considering there is no strong motivation to introduce the new values for LTM procedure, the simplest way is to reuse the values of the current timer T304. When the UE executes the LTM procedure (e.g. upon receiving the LTM cell switch MAC CE), the UE starts the T304 for LTM procedure. The timer should be stopped upon the successful completion of the LTM procedure. Specifically, for RACH-based LTM procedure, the UE should stop the T304 for LTM procedure upon successful completion of RACH procedure. For RACH-less LTM procedure, the UE should stop the T304 upon reception of an acknowledge message which indicates that the network has successfully received the first UL data at the target cell
Proposal 15: Reuse the T304 timer for LTM procedure, with what is below as baseline:
- The UE starts T304 upon LTM execution. 
- UE stops T304 upon successful completion of LTM execution. 
- When T304 for LTM expires, the UE initiates RRC re-establishment.
3. Conclusion
In this contribution, we have the following proposals:
Observations for HARQ in partial MAC reset
Observation 2: In order to maintain the HARQ during cell switch, the TB size for retransmission of one MAC PDU in target cell has to be the same as the previous one in the source cell, which is not a typical assumption in practice and may limit the data rate. 
Observation 3a: In order to maintain the HARQ entities during cell switch in CA scenario, the association between each HARQ entity and target cell needs to be defined, i.e. the mapping relationship from source cell to the associated target cell for each maintained HARQ entity.
Observation 3b: It is unclear (could be complicated) how to define/indicate the mapping relationship of HARQ entities, if the number of serving cells is different between source and target.
Observation 4a: It is unclear (could be complicated) how to define/indicate the mapping relationship of HARQ process ID between source and target configuration, for each maintained HARQ entity.
Observation 4b: For the maintained HARQ entity, the mapping relationship of HARQ process ID between source and target becomes even more complicated, when configured grant and DL SPS configurations change, e.g. nrofHARQ-Processes and periodicity.
L2 behaviours: MAC
Proposal 1: For partial MAC reset, RAN2 can consider skipping Bj initialization to zero, if the associated LCH still exists in the target configuration. 
Proposal 2: RAN2 to discuss following handling of the triggered BSR during LTM cell switch:
- Option 1: in partial MAC reset, the UE skips the triggered BSR cancellation, if the LCH that triggered the BSR still exists in the target configuration. 
- Option 2: in partial MAC reset, the UE still cancels the triggered BSRs at the source cell like in Rel-17. The UE should be able to trigger a new regular BSR at the target cell at LTM execution.
Proposal 3: The UE clears HARQ buffers upon cell switch in LTM.
Proposal 4: RAN2 postpones the discussion on timeAlignmentTimer maintenance in partial MAC reset, which can resume after RAN1 has finalized the detailed solution for early TA towards candidate cell.
Proposal 5: RACH related operations should be reset in LTM (e.g. stop ongoing RACH procedure, flush MsgA/Msg3 buffer and release Temporary C-RNTI). 
L2 behaviours: PDCP/RLC
Proposal 6: There is no need for PDCP re-establishment in LTM.
Proposal 7: Support the use of PDCP discard for SRB in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
L2 behaviours: L2 reset indication
Proposal 8: The RLC/PDCP behaviour and MAC reset behaviour should be controlled/configured separately.
Proposal 9: The UE skips the L2 reset, if the target SpCell and source SpCell cell are configured with the same group-ID (i.e. a new group-ID is introduced in RRC signalling).
Proposal 10: FFS on the signalling design to support separate control for RLC/PDCP and MAC, via the configured group-ID.
Proposal 11: In LTM, the UE should ignore the legacy reestablishRLC/recoverPDCP in RadioBearerConfig, if any, since the L2 reset behaviour is explicitly indicated by the new R18 signalling.
LTM config index
Proposal 12: The source DU/cell should know the relationship between the candidate cell (or the RS ID of the candidate cell) and its LTM configuration index. It is up to RAN3 on the detailed signalling.
BWP and SCell state
Proposal 13: The UE determines the UL BWP and the DL BWP upon the execution of the LTM according to the first active BWP configured in the pre-configuration of the target cell via RRC, as supported currently.
Proposal 14: To support SCell activation simultaneously with LTM execution, the network (target cell) can set the “sCellState-r16” in the candidate configuration of RRC, as supported currently.
Failure detection timer
Proposal 15: Reuse the T304 timer for LTM procedure, with what is below as baseline:
- The UE starts T304 upon LTM execution. 
- UE stops T304 upon successful completion of LTM execution. 
- When T304 for LTM expires, the UE initiates RRC re-establishment.
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