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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.
2. Discussion
2.1 L2 behaviours
2.1.1 MAC behaviour
In order to reduce the handover interruption, RAN2 discussed the L2 behaviours during LTM cell switch. The related agreements are:
	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.
RAN2 121
No consensus to support HARQ continuation (and in order to resume discussion some new input may be needed, e.g. quantitative evidence of a serious problem).
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP).


Partial MAC reset is one possible behaviour for intra-DU LTM. A number of MAC behaviours are directly related to the serving cell, e.g. RACH, BFR, PHR. Maintaining those MAC operations has little or no meaning when the UE switches to a new cell, so this also applies for a partial MAC reset. What could be maintained is the operations that operate at levels “higher” than a cell, e.g. BSR procedure that operates at LCH level. RAN2 could discuss whether it is useful to maintain "higher-level" MAC operations during LTM cell switch.
BSR
In legacy L3 handover, all triggered BSRs are cancelled by (full) MAC reset and RLC is re-established. In this case, the RRCReconfigurationComplete message generated after handover triggers a new regular BSR. So, the target cell knows UE’s uplink buffer status timely. In LTM, RAN2 agreed that the RRCReconfiguration message model is used for candidate cell pre-configuration, so we assume that an RRCReconfigurationComplete message should be transmitted to the target cell as in L3 handover.
	RAN2 121
agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells


However, in intra-DU LTM, the UE may not re-establish RLC and may not re-establish PDCP, so the UE has some old data in the UL buffer. It is possible that the priority of these old data is the same with the RRCReconfigurationComplete message, so the UE does not trigger a new regular BSR after LTM cell switch timely.
Observation 1: If the RRCReconfigurationComplete message to be transmitted to the target cell is configured with the same (high) priority like other buffered LCH data (i.e. no higher priority data arrival) and RLC/PDCP is maintained (i.e. not to flush buffered data), a regular BSR may not be triggered timely.
In order to provide the UE buffer status information to the network early for better uplink scheduling, the UE can maintain the triggered BSR and transmit a BSR MAC CE early to the target cell. The regular BSR is triggered per LCH, so it is only possible to maintain a triggered regular BSR if the UE still has this LCH in the target configuration and this LCH still belongs to the same LCG. Another solution for letting the network know the UE buffer status very soon is that the UE triggers a new BSR after LTM cell switch. RAN2 can discuss these two solutions to let the network know the UE uplink buffer status timely.
Proposal 1a: Select one of the following handling of the triggered BSR at LTM cell switch:
-	Option 1: the UE does not cancel BSRs triggered by an LCH that still exists in the target configuration. 
-	Option 2: the UE still cancels the triggered BSRs at the source cell like in Rel-17. The UE should trigger a new regular BSR at the target cell at LTM execution.
Proposal 1b: The option agreed in proposal 1a is applied at LTM cell switch (regardless partial MAC reset or full MAC reset).
Time alignment timer and RACH
The UE runs the 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 TA towards the candidate cell before cell switch. A possible solution is that the source cell sends a PDCCH order to trigger the UE to send a preamble to the target cell, as shown in RAN1’s agreement below [2]:
	 RAN1 #112 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


Different alternatives in RAN1 could result in different UE behaviour related to time alignment timer. For example, if RAR is used, the UE gets the TA from the RAR when the UE is still in the source cell and the UE may need to run a candidate cell time alignment timer for checking whether this TA is still valid when cell switch happens. In this case, after LTM cell switch, this timer can be considered as the time alignment timer for the PTAG. If RAR is not used, there is no need for a time alignment timer for a candidate cell and the UE begins to use the TA provided in the LTM cell switch command at cell switch. Maintaining time alignment timer during cell switch can be discussed after RAN1 finalizes the detailed solution for early TA acquisition for candidate cells.
Proposal 2: Postpone the discussion on timeAlignmentTimer handling at partial MAC reset until RAN1 has finalized the 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 use.
Proposal 3: At LTM cell switch, the UE stops any ongoing RACH procedure, flushes MsgA/Msg3 buffer and releases Temporary C-RNTI. 
2.1.2 PDCP behaviour
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 SRBs, 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 could also be used.
Proposal 4: Support the use of PDCP discard for SRBs in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
2.1.3 L2 reset indication
As captured in the RAN2 #120 meeting 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. 


In RAN2 #121 meeting, RAN2 agreed to use RRC to indicate L2 behaviour during LTM cell switch, as shown in the following agreement.
	RAN2 121
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP).


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, i.e. for AM DRB, if RLC is re-established, PDCP data recovery is necessary to avoid data loss and there is no use to do any PDCP action if RLC continues running normally. However, if MAC is reset, RLC AM can still recover any lost data, without the need of RLC re-establishment/PDCP data recovery, and, in some scenarios, such handling may actually provide better user experience thanks to less data to be retransmitted.
In some network deployments, MAC may be different for different cells while RLC/PDCP is common. In such deployments, it is easy to not do RLC re-establishment/PDCP data recovery but MAC needs to be reset. Ideally, the network would have a common MAC entity for all cells but due to the impact to an existing deployment it may not be the operator's preference to always do so.
Observation 2: There are use cases for performing MAC reset while not performing PDCP data recovery/RLC re-establishment at LTM cell switch.
Proposal 5: The RLC/PDCP behaviour and MAC reset behaviour can be controlled/configured separately.
In the pre-configuration phase, the network decides the L2 behaviours at LTM cell switch from a particular source cell to a particular target cell. As discussed previously, the need for different actions may depend whether some functions are co-located on the network side or not. One way to obtain the desired UE behaviour could be to have candidate target cells belong to groups, and the network can configure separately: 1) the L2 actions to be executed if the source and the target cell belong to the same group 2) the L2 actions to be executed if the source and the target cell do not belong to the same group.
For instance, the network configures a numerical value for each candidate target cell and two different L2 behaviours for this candidate target cell. At LTM cell switch, the UE applies one of the L2 behaviours if the numerical values for the source and for the target cell are the same, the other L2 behaviours otherwise.
Proposal 6: The network can control the UE MAC/RLC/PDCP behaviour at LTM cell switch by RRC:
-	each candidate target cell is associated with a value;
- 	UE is configured with L2 actions for each layer MAC, RLC and PDCP, for the following cases:
-	case 1: the source and the target cell configurations are associated with the same index value;
-	case 2: the source and the target cell configurations are associated with the different index value.
2.2 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


In Rel-15, the network indicates to the UE the DL and UL BWP to be used after handover 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 include any BWP indication in the LTM cell switch command.
Proposal 7: 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 8: 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.
2.3 TA indication in LTM MAC CE
As shown in the RAN1 agreements below [2], in early TA acquisition procedure for RACH-less, RAN1 agreed a method in which RAR is not needed for PDCCH ordered RACH for candidate cells. In this case, the TA value is provided in the LTM MAC CE.
	 RAN1 #112 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


Since RACH-based LTM cell switch is also supported according to RAN2 agreement, we believe that the TA value is not needed in the LTM MAC CE in such case. Based on the current RAN1 and RAN2 agreements, RAN2 can confirm that the TA value can be optionally included in the LTM cell switch MAC CE.
Proposal 9: Support including and not including the TA value for the target PCell in the LTM cell switch MAC CE. Details FFS.
Apart from RAN1’s discussion on early TA acquisition, there are some cell switch cases that do not need RAN1’s solution for the candidate cell TA acquisition, e.g., the CA cell swap scenario. In RAN2 #119bis meeting, RAN2 has the following agreements.
	RAN2 119bis
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


If the target PCell is a current SCell, then the UE should already have the TA towards this cell. If the TA is still valid, e.g., timeAlignmentTimer associated with the TAG containing this cell is not expired, the UE can use this TA for the target PCell. 
Proposal 10: In the CA cell swap scenario (i.e. the target PCell is currently an SCell), the UE can perform RACH-less LTM cell switch if the TA towards the target PCell is valid.
In the CA cell swap scenario, both the network and the UE are able to determine whether the TA to the target cell is valid or not, e.g., by checking the corresponding timeAlignmentTimer is still running or not when the LTM cell switch is performed. 
Observation 3: If the target PCell is currently an SCell, both the network and the UE know whether the corresponding TA is valid.
In this scenario, there are different methods to let the UE know the TA value towards the target cell.
Option 1: After the UE receives an LTM MAC CE, the UE the UE checks whether the target cell (PCI, frequency) is equal to any current serving cell (PCI, frequency). If it is the case, the UE use the TA value associated with that serving cell. The network also knows the target cell (PCI, frequency), and whether the UE already has a valid TA. If the UE was previously configured with configured grants and there is a method for the UE to directly indicate to the target cell a good DL beam that it can use for transmissions to the UE, the UE could directly decide to do RACH-less.
Option 2: Similarly, the network could use 1 bit in the LTM MAC CE to indicate whether to perform RACH-less. In this option, the UE does not need to check whether the corresponding timeAlignmentTimer is expired or not.
Option 3: The network indicates the TAG that can be used for the target cell. In this option, the network can also determine whether the TA is still valid.
Option 4: The network explicitly indicates the TA value in the LTM MAC CE. In this option, the network can also determine whether the TA is still valid
All those options work. Options 1 and 2 require a UE procedure to check whether the target cell is a current SCell but can reduce the LTM MAC CE size as compared with other options. Option 3 and Option 4 do not require a UE procedure but they increase the LTM MAC CE size. In addition, the option 3 may align with the RAN1’s solution about PDCCH ordered RACH for early TA acquisition. RAN2 can discuss using which option to provide the TA value to the UE in the CA swap scenario.
Proposal 11: In the CA cell swap scenario (i.e. when the target PCell is a current SCell), consider the following options to control performing RACH-less LTM cell switch:
-	Option 1: if the UE is configured (by RRC) to perform RACH-less LTM cell switch to the indicated target PCell, the UE determines whether the target PCell is a current SCell for which the UE has a valid TA and performs RACH-less LTM cell switch if it is the case (no indication in the LTM cell switch MAC CE).
-	Option 2: the LTM cell switch MAC CE indicates (1 bit) whether the UE performs RACH-less LTM cell switch and if it indicates to perform RACH-less LTM cell switch, the UE determines the from which current serving cell to take the TA
-	Option 3: the LTM cell switch MAC CE indicates the source TAG whose TA is to be used to perform RACH-less cell switch. 
-	Option 4: the LTM cell switch MAC CE provides the TA value to perform RACH-less cell switch.
When the UE determines or receives the target cell TA, the UE can restart the corresponding time alignment timer and regard this is a newly received TA. However, the partial MAC reset and PDCCH ordered early RACH are still under discussion, so whether to stop or continue running the timeAlignmentTimer is not determined.
Proposal 12: For RACH-less LTM cell switch in the CA cell swap scenario, it is FFS whether the UE restarts the timeAlignmentTimer upon cell switch when reusing the TA value of the previous serving cell.
There is another cell switch case that does not need RAN1 solution for the candidate cell TA acquisition: when the UE switches back to a previous serving cell. For example, the UE first switches from cell 1 to cell 2, then back to cell 1 after a short period of time. In this case, the UE may still have a valid TA for cell 1 and RACH-less LTM switch can be performed.
Proposal 13: Discuss whether the UE can keep the TA of the source PCell and the associated TAT running after LTM cell switch to another cell and, if switching to the same PCell while that TAT is still running, perform RACH-less LTM cell switch using the saved TA.
2.4 Failure detection
In the last meeting, several companies mentioned the question of how to detect failure of the LTM cell switch. 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, a similar mechanism can be used to detect the failure.
The simplest way is to reuse the values of the current timer T304. When the UE executes the LTM cell switch procedure, the UE starts T304 and stops it upon successful completion of the LTM cell switch. If RACH is used, the UE stops T304 upon successful RACH completion. If RACH-less LTM cell switch is used, the UE stops T304 upon reception of some kind of acknowledgement for the first UL data at the target cell, e.g., UE Contention Resolution Identity MAC CE or PDCCH scrambled by C-RNTI.
Proposal 14: Reuse the RRC T304 timer for LTM cell switch:
-	The UE starts T304 upon reception of the LTM cell switch MAC CE;
-	The UE stops T304 upon successful completion of LTM cell switch;
-	If T304 expires, the UE initiates RRC re-establishment (FFS whether to support CHO-like execution if selecting an LTM candidate cell).
3. Conclusion
In this contribution, we have the following proposals:
L2 behaviours at cell switch: MAC
Proposal 1a: Select one of the following handling of the triggered BSR at LTM cell switch:
-	Option 1: the UE does not cancel BSRs triggered by an LCH that still exists in the target configuration. 
-	Option 2: the UE still cancels the triggered BSRs at the source cell like in Rel-17. The UE should trigger a new regular BSR at the target cell at LTM execution.
Proposal 1b: The option agreed in proposal 1a is applied at LTM cell switch (regardless partial MAC reset or full MAC reset).
Proposal 2: Postpone the discussion on timeAlignmentTimer handling at partial MAC reset until RAN1 has finalized the solution for early TA towards candidate cell.
Proposal 3: At LTM cell switch, the UE stops any ongoing RACH procedure, flushes MsgA/Msg3 buffer and releases Temporary C-RNTI.
L2 behaviours at cell switch: PDCP
Proposal 4: Support the use of PDCP discard for SRBs in LTM, i.e. discardOnPDCP (e.g., to discard invalid L3 measurement report).
L2 behaviours at cell switch: control L2 reset/re-establishment/data recovery
Proposal 5: The RLC/PDCP behaviour and MAC reset behaviour can be controlled/configured separately.
Proposal 6: The network can control the UE MAC/RLC/PDCP behaviour at LTM cell switch by RRC:
-	each candidate target cell is associated with a value;
- 	UE is configured with L2 actions for each layer MAC, RLC and PDCP, for the following cases:
-	case 1: the source and the target cell configurations are associated with the same index value;
-	case 2: the source and the target cell configurations are associated with the different index value.
BWP and SCell state
Proposal 7: 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 8: 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.
TA indication in LTM MAC CE
Proposal 9: Support including and not including the TA value for the target PCell in the LTM cell switch MAC CE. Details FFS.
TA in SCell to PCell scenario
Proposal 10: In the CA cell swap scenario (i.e. the target PCell is currently an SCell), the UE can perform RACH-less LTM cell switch if the TA towards the target PCell is valid.
Proposal 11: In the CA cell swap scenario (i.e. when the target PCell is a current SCell), consider the following options to control performing RACH-less LTM cell switch:
-	Option 1: if the UE is configured (by RRC) to perform RACH-less LTM cell switch to the indicated target PCell, the UE determines whether the target PCell is a current SCell for which the UE has a valid TA and performs RACH-less LTM cell switch if it is the case (no indication in the LTM cell switch MAC CE).
-	Option 2: the LTM cell switch MAC CE indicates (1 bit) whether the UE performs RACH-less LTM cell switch and if it indicates to perform RACH-less LTM cell switch, the UE determines the from which current serving cell to take the TA
-	Option 3: the LTM cell switch MAC CE indicates the source TAG whose TA is to be used to perform RACH-less cell switch. 
-	Option 4: the LTM cell switch MAC CE provides the TA value to perform RACH-less cell switch.
Proposal 12: For RACH-less LTM cell switch in the CA cell swap scenario, it is FFS whether the UE restarts the timeAlignmentTimer upon cell switch when reusing the TA value of the previous serving cell.
TA in for previously used serving cell
Proposal 13: Discuss whether the UE can keep the TA of the source PCell and the associated TAT running after LTM cell switch to another cell and, if switching to the same PCell while that TAT is still running, perform RACH-less LTM cell switch using the saved TA.
Failure detection
Proposal 14: Reuse the RRC T304 timer for LTM cell switch:
-	The UE starts T304 upon reception of the LTM cell switch MAC CE;
-	The UE stops T304 upon successful completion of LTM cell switch;
-	If T304 expires, the UE initiates RRC re-establishment (FFS whether to support CHO-like execution if selecting an LTM candidate cell).
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