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[bookmark: _Ref488331639]Introduction 
During previous LTM discussion, there are several FFSs regarding to the contents of LTM cell switch command:
	FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility
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).
 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.
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS).




For partial MAC reset, no consensus was made in last meeting and further studies on details are needed.
	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). 


In this contribution, we discuss the content of the cell switch MAC CE and UE behaviour of partial MAC reset.
[bookmark: _Ref178064866]Discussion
Content of cell switch command 
Currently serving cell change is triggered by L3 signalling, UE needs to perform complete L2 and L1 resets, which leads to relativity long latency. L1/L2 triggered inter-cell mobility aiming to reduce mobility latency especially in intra-CU scenario. In our contribution, we discuss the possible enhancements to achieve dynamic switching for LTM.


Figure 1: Mobility in intra-CU scenario
The principle of L1/L2 triggered mobility enhancements is to enable dynamic switch among candidate serving cells based on L1/L2 signalling. With pre-configured candidate cells, L1/L2 signalling trigged cell switch is much efficiency in contrast to traditional HO preparation, since the propagation delay of cell switch command can be reduced by replacing RRC reconfiguration message with L1/L2 signalling, which avoids HO failure caused by the overdue cell switch command. 
[bookmark: _Toc131781646]NW-triggered LTM, i.e. LTM based on received handover command, is considered as high priority in this release.
For NW-triggered LTM, we have agreed that MAC CE is used for cell switch information indication as well as cell switch triggering. Regarding to the content of cell switch MAC CE, we have agreed that at least candidate cell index is included in the MAC CE during last meeting.  
The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 

We would like to provide our further considerations on information that should be conveyed in cell switch MAC CE. 
· [bookmark: _Hlk127528147]TCI state and TA indication
In previous meeting, RAN2 reached an assumption on the definition of L1/L2 triggered mobility interruption time, the endpoint of HO interruption time is the DL/UL reception/transmission on the indicated beam of the target cell, which means the HO interruption will be reduced if the beam is indicated in HO command. And as shown below, RAN1 has also confirmed to indicate TCI state together with LTM cell switch command. 
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command

To further minimize the mobility latency due to TA acquisition, RAN1 agreed to support early TA acquisition of candidate cell(s) before cell switch command is received in LTM. If TA is pre-obtained by NW, TA info can also be conveyed in cell switch MAC CE for subsequent UL transmission. 
[bookmark: OLE_LINK5][bookmark: _Toc131781647]Cell switch MAC CE can contain TCI state info and TA info.
· BWP and SCell activation/deactivation indication
Another two FFSs regards to whether or not to include BWP indication and SCell activation/deactivation in MAC CE for cell switch:
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).
 FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility

Regarding to SCell activation/deactivation indication, currently there are two approaches to inform UE on SCell activation/deactivation, i.e. RRC-based and MAC CE based. For LTM, we see no strong reason to introduce SCell activation/deactivation indication in cell switch MAC CE since LTM aiming to reduce HO interruption time instead of coverage enhancement. And target PCell will anyway be activated to communicate with UE. Additionally, NW may rely on L3 measurement to dynamically control SCell activation/deactivation, while L3 measurements on SCell may not be unavailable especially for inter-DU case, especially for inter-DU case.
Thus, there is no need to indicate SCell activation/deactivation simultaneously with cell switch MAC CE. Scell activation/deactivation can follow legacy way, i.e. SCell state can be indicated by sCellState field via preconfigured RRC configuration, if the indication is not included, the corresponding SCell is deactivated by default and can be activated later based on by MAC CE after LTM procedure.
[bookmark: _Toc131781648]SCell activation/deactivation is not indicated in cell switch MAC CE.
For BWP information, if source cell includes BWP information, e.g., BWP ID in cell switch command, extra inter-DU interaction may be required on target cell resource allocation. Therefore, we prefer to follow legacy way on BWP information indication, i.e. BWP information is indicated in candidate cell config.
[bookmark: _Toc131781649]BWP information is not indicated in cell switch MAC CE.
Upon reception of LTM cell switch command, UE may perform synchronization procedure to target cell. In previous meeting, RAN2 agreed to support both RACH-based and RACH-less procedure for LTM. 
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.  
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
For RACH-based LTM, both CBRA and CFRA are supported. For CBRA, RACH resources can be carried in candidate cell’s configuration as in legacy. While for CFRA, whether RACH resources for CFRA for LTM can be provided in cell switch MAC CE is FFS. In our understanding, providing CFRA resource in cell switch command requires additional inter-DU interaction on resource allocation for inter-DU scenarios, which may cause additional latency. To be simple, we can just follow the existing way, i.e., RACH resource for CFRA for LTM is provided in RRC configuration.
[bookmark: _Toc130982794][bookmark: _Toc131781650]For CFRA-based LTM, RACH resource is only provided in candidate cell configuration (i.e. in RRC configuration) as in legacy.
Partial MAC reset
For L3-based handover, UE needs to perform MAC reset when receiving RRCReconfiguration message with reconfigurationWithSync. As specified in TS38.321, UE’s behaviours of MAC reset mainly includes stopping all running timers, resetting variables and counters, as well as cancelling the triggered procedures. While for intra-DU LTM, it might be feasible for network to have a tight alignment of MAC status when performing cell switch between cells managed by the same DU. In order to reduce the latency of L2 protocol handling during LTM, RAN2 has agreed to study the support of partial MAC reset for intra-DU scenario. 
Based on the progress from last RAN2 meeting, no consensus was made for the details of partial MAC reset. In this paper, we divide the functions related to legacy MAC reset into three categories for further analysis, which are per cell functions, per UE/MAC functions and per cell group functions. 
Per cell functions
In case of CA, the MAC entity will be configured with one or more SCells in addition to PCell. Some functions and procedures in MAC are defined for each serving cell as summarized as follows. For each function, we also provide our considerations on whether or not to follow legacy MAC reset behaviour when LTM cell switch command is received.
· RACH: For each MAC entity, UE is allowed to perform RACH towards one cell at a time. If there is an ongoing RACH when LTM cell switch command is received, we would have the following cases depending on the cell to which UE is performing RACH:
· Case1: UE is performing RACH to one of the serving cells.
· Case2: UE is performing RACH to one of the candidate cells. In this case, the candidate cell is possible to be the target cell as indicated in cell switch MAC CE.
For case1, the serving cell might be changed due to the application of target cell configuration, which will make it meaningless to continue the ongoing RACH. For case2, it might be necessary to complete the ongoing RACH for TA pre-acquisition purpose, especially for case that the candidate cell is exactly the target cell. While the details on how to pre-obtain TA for candidate cells are still under discussion in RAN1. 
In order to avoid different UE operations for different cases, it is preferred to stop any ongoing RACH as baseline in order to have a unified design for partial MAC reset.
· UL HARQ/DL HARQ: In legacy handovers, all buffered data at RLC and MAC will be flushed by performing RLC re-establishment and MAC reset. Data retransmission is mainly handled by PDCP considering that the data buffered at lower layers would be invalid due to the update of security and radio bearer configuration during handover. While for intra-DU LTM, both security information and radio bearer configurations can be maintained, which may make it possible to consider RLC/MAC-based data retransmission to avoid data loss. Ideally, UE can keep the data in UL HARQ buffers and DL soft buffers when LTM cell switch is received and expect for UL/DL scheduling to be continued in target cell. This requires target cell and source cell to have a well co-ordination on HARQ status. In addition, the following issues are also identified if HARQ continuity is supported:
· For DL, the number of DL HARQ process configured for source cell and target cell may be different, which will make part of HARQ processes can not be scheduled by target cell.
· For UL, if CG type1 resources of target cell is configured for UE, the TB buffered in corresponding HARQ buffers would be overridden by new data, which makes it is impossible to perform retransmission for this TB.
Considering the potential complexity, it is suggested to follow legacy behaviour for HARQ operation as baseline when LTM cell switch MAC CE is received.
· LBT: LBT is performed by physical layer to reflect whether the channel is occupied for a transmission. A transmission is not performed if the channel is identified as being occupied and lower layer sends an LBT failure indication to MAC for this case. LBT recovery procedure will be triggered at MAC if the received LBT failure indications reach to a preconfigured time. LBT procedure is mainly up to lower layer resources configured for a serving cell. If the serving cell configuration is changed due to LTM, the related LBT procedure can be cancelled.
· PHR: PHR is used to reflect the difference between nominal UE maximum transmission power and estimated transmission power for a serving cell. As the change of serving cell, the triggered PHR will be also invalid.
· CG confirmation: CG confirmation is used to acknowledge the activation/deactivation of CG Type2 resources. CG resources are configured for each serving cell and the configuration might be invalid due to the change of serving cells. Therefore, the triggered Configured uplink grant confirmation can be cancelled upon cell switch MAC CE for LTM is received.
· BFD/BFR: BFR is triggered based on BFD performed by lower layer by monitoring a set of configured reference signalling for a specific serving cell. The monitored result will be invalid upon cell switch.
When the MAC CE to trigger LTM is received, UE will apply the configuration of target cell or cell group, which will result in a change of serving cells, e.g., PCell with/without SCells would be changed. For per cell functions in MAC as listed in this section, the triggered procedure will become invalid after LTM if the corresponding serving cell has been changed. Although it may be possible to keep the triggered procedures for unchanged serving cells, it requires UE to compare the target cell configuration with the source one to determine whether to reset or not, making it hard to have a common design for partial MAC Reset. Therefore, it is proposed to reset cell-specific procedures (together with the associated timers and counters) in MAC upon reception of LTM cell switch command.
[bookmark: _Toc127529917][bookmark: _Toc131781651]Upon reception of LTM cell switch command, the functions and procedures associated with per serving cell are reset as baseline, including RACH, UL/DL HARQ, LBT, PHR, BFD/BFR and CG confirmation.
Per UE/MAC functions
Other than per serving cell functions, there are some procedures/variables in MAC which are triggered by upper layer or the related states may not be changed during intra-DU LTM. For these features, we have the following considerations:
· Bj: Bj is used maintain the token number for each logical channel. For intra-DU LTM, some configurations for logical channels can be assumed to be not changed, including some Bj-related parameters such as prioritisedBitRate, bucketSizeDuration etc. Therefore, the Bj value for each logical channel can be kept for partial MAC reset.
· BSR: BSR is to reflect the data volume calculated at RLC layer and PDCP layer. For intra-DU LTM, re-establishment of RLC and PDCP can be avoided, which means that the buffered data at RLC and PDCP are still available after UE moves from source cell to target cell. It is beneficial for fast UL scheduling by keeping the triggered BSR during LTM.
· SR: SR is triggered when there is no UL grant for the transmission of some specific MAC CEs (e.g., BSR MAC CE, BSR MAC CE, etc) if there is corresponding SR configuration. While SR configuration are cell-specific, the triggered SR will be considered as out-of-rules if there is no matched SR configurations according to target cell configuration. Therefore, the triggered SR should be cancelled as legacy upon reception of LTM cell switch command.
· Recommended bit rate query procedure: The procedure is used to query the bit rate recommended by gNB. It is introduced for RAN-assisted codec adaption for VoNR and is triggered by upper layer from UE side. Even though the lower layer configuration would be changed due to LTM, the triggered recommended bit rate query is still needed for upper layer. 
Based on above discussions, at least the following triggered procedures and variables can be kept for design of partial MAC reset: Bj for each LCH, triggered BSR and triggered recommended bit rate query procedure.
[bookmark: _Toc127529918][bookmark: _Toc131781652]upon reception of LTM cell switch command, at least the following triggered procedures and variables can be continued:
a. [bookmark: _Toc127529919][bookmark: _Toc131781653]Bj for each logical channel;
b. [bookmark: _Toc127529920][bookmark: _Toc131781654]Triggered Buffer Status Reporting procedure;
c. [bookmark: _Toc127529921][bookmark: _Toc131781655]Triggered Recommended bit rate query procedure.
Per cell group functions
TAT is used to maintain the validity of TA for a group of serving cells. In legacy L3-triggered handover, TAT is considered as expiry during MAC reset which means that there is no valid TA before UE triggers RACH to target cell. According to RAN1 progress as copied below, it was agreed that TA of candidate cells can be acquired before the reception of LTM cell switch command, e.g., based on RACH triggered by PDCCH order. 
	· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· 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



While it is still unclear on how to maintain the pre-acquired TA for candidate cells, for example, whether the TA is maintained by UE or NW before LTM, and whether TAT is reused for TA maintenance. These unclear issues will have impacts on the considerations of TAT handling for partial MAC reset, e.g., if TAT is reused to maintain the pre-obtained TA before reception of LTM cell switch command, the timer should be continued during LTM.
[bookmark: _Toc127529922][bookmark: _Toc131781656]Upon reception of LTM cell switch command, the TA maintenance for target or candidate cell can be continued if TAT is used to maintain the pre-acquired TA for candidates. 

Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	NW-triggered LTM, i.e. LTM based on received handover command, is considered as high priority in this release.
Proposal 2	Cell switch MAC CE can contain TCI state info and TA info.
Proposal 3	SCell activation/deactivation is not indicated in cell switch MAC CE.
Proposal 4	BWP information is not indicated in cell switch MAC CE.
Proposal 5	For CFRA-based LTM, RACH resource is only provided in candidate cell configuration (i.e. in RRC configuration) as in legacy.
Proposal 6	Upon reception of LTM cell switch command, the functions and procedures associated with per serving cell are reset as baseline, including RACH, UL/DL HARQ, LBT, PHR, BFD/BFR and CG confirmation.
Proposal 7	upon reception of LTM cell switch command, at least the following triggered procedures and variables can be continued:
a.	Bj for each logical channel;
b.	Triggered Buffer Status Reporting procedure;
c.	Triggered Recommended bit rate query procedure.
Proposal 8	Upon reception of LTM cell switch command, the TA maintenance for target or candidate cell can be continued if TAT is used to maintain the pre-acquired TA for candidates.
[bookmark: _In-sequence_SDU_delivery]
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