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In RAN1#119b-e meeting, following assumption was made for LTM: 
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. 
In RAN2 #120 meeting, Partial MAC reset for intra-DU LTM was discussed [1][2]. RAN2 made following conclusion:
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.
In this contribution, we continue the discussion whether to maintain or cancel the ongoing procedures at partial MAC reset during intra-DU LTM. We also discuss the possibility to maintain HARQ processes to reduce the data loss during LTM. 
Discussion
MAC layer is located above physical layer and below RLC layer, which maps information between logical and transport channels. It implies that some MAC functions serve as the interface with RLC layer, while some MAC functions only interact with physical layer. In intra-DU LTM, RLC layer doesn’t need to be re-established during cell switch. If RLC state is kept, the related procedures of the MAC functions providing services to upper layer can be maintained. For LTM, since the serving cell changes, the procedures of MAC functions relying on cell-specific configuration and control needs to be stopped or cancelled.  
Basic MAC Procedures (excl. HARQ)
In this section, we focus on the basic functions and procedures supported by MAC layer, with reference to Rel-15 MAC specification. We discuss whether to stop or maintain those MAC procedures at MAC reset during intra-DU LTM. 
Logical channel prioritization (LCP)
In full MAC reset procedure, MAC entity initializes Bj for each logical channel to zero. In LTM, the LCP procedure can be maintained at MAC reset during LTM as the traffic characteristics and QoS requirement for each radio bearer do not change. Therefore, the MAC entity doesn’t need to initialize Bj for each logical channel. Meanwhile, the LCP-related configurations for priority, PBR and BSD should be the same between the source and target cell. 
Proposal 1: UE keeps the LCP procedure ongoing at MAC partial reset during LTM, i.e., skips initializing Bj for each logical channel.  

Buffer status report (BSR)
In full MAC reset procedure, MAC entity cancels if any triggered Buffer Status Reporting procedure. For intra-DU LTM, the source cell and target cell share the same scheduler at the network side, which perform UL scheduling according to the BSR provided by the UE. Furthermore, cell switch doesn’t impact the data volume calculation for UL data available for transmission.  The BSR procedure if triggered can continue at MAC reset during LTM. Maintaining the triggered BSR procedure can reduce the latency of first BSR reported to the target cell after cell switch, resulting in shorter UL scheduling latency. Meanwhile, the BSR-related configurations i.e., BSR-Config should be the same between the source and target cell. 
Proposal 2: UE keeps the BSR procedure ongoing at MAC partial reset during LTM, i.e., skips cancelling if any triggered BSR procedure. 

Scheduling request (SR)
In full MAC reset procedure, MAC entity cancels if any triggered scheduling request procedure. In NR, SR can be triggered for different purposes, e.g., triggered BSR, SCell beam failure recovery and consistent LBT failure and multiple SR configurations can be provided by the network. For MAC reset during LTM, it’s possible to have different handlings of the pending SRs with different triggering causes. For example, if the SR is for BSR, the pending SR can be kept without cancellation, so that UE can acquire UL grant earlier from the target cell after cell switch. If the SR is for consistent LBT failure, the pending SR should be cancelled since it is very likely that LBT situation will change after cell switch. If the SR is for SCell beam failure recovery, whether to keep the pending SR or not depends on whether the concerned SCell is still configured and activated after cell switch in CA scenario.  Although different handling of SR at MAC reset during LTM can reduce the latency of the very first UL scheduling from the target cell, it is complicated to distinguish the SRs with different purposes and specify different handlings. We prefer to cancel the triggered SR procedure regardless of its triggering purposes. 
Proposal 3: UE cancels if any triggered SR procedure at MAC partial reset during LTM, same as full MAC reset. 

Random access
In full MAC reset procedure, MAC entity stops, if any, ongoing RACH procedure, discard explicitly signalled CFRA resources and flush Msg3/MsgA buffer. Since RA configuration and CFRA resource configuration are cell specific, it is straightforward to stop the ongoing RACH procedure and flush MsgA/Msg3 buffer. 
Proposal 4: UE stops if any ongoing RACH procedure at MAC partial reset during LTM, same as full MAC reset. 

Beam failure detection and recovery (BFR)
In full MAC reset procedure, MAC entity cancels, if any, triggered BFR procedure. In RAN1#111 meeting, beam indication timing for LTM was discussed and it was agreed that scenario 2, i.e., beam indication together with cell switch command is supported. For Rel-17 unified TCI framework, beam indication indicates TCI state for each target serving cell. It’s FFS whether scenario 1 beam indication before cell switch command and scenario 3 beam indication after cell switch command are supported for not. Since beam indication is provided to the UE, UE can use the indicated beam for communication in the target cell. There is no need to continue the ongoing BFR procedure. No matter whether BFR procedure towards candidate cells is supported or not, the ongoing BFR procedure should be cancelled. 
Proposal 5: UE cancels if any triggered BFR procedure at MAC partial reset during LTM, same as full MAC reset. 

Power Headroom Reporting (PHR)
In full MAC reset procedure, MAC entity cancels, if any, triggered PHR procedure. PHR is intended to provide the power headroom information per activated serving cell. Considering, the serving cell and the DL pathloss reference are changed after cell switch, the ongoing PHR procedure should be cancelled at MAC reset during cell switch. 
Proposal 6: UE cancels if any triggered PHR procedure at MAC partial reset during LTM, same as full MAC reset. 

Consistent LBT failure
In full MAC reset procedure, MAC entity cancels, if any triggered consistent LBT failure. LBT failure indication is received from physical layer, and consistent LBT failure is detected per UL BWP for each active serving cell. Since the serving cell is changed in LTM, the ongoing consistent LBT failure should be cancelled. 
Proposal 7: UE cancels if any triggered consistent LBT failure at MAC partial reset during LTM, same as full MAC reset. 

UL time alignment
In full MAC reset procedure, MAC entity considers all all timeAlignmentTimers as expired. Although UE behaviours for pTAG and sTAG are different when a timeAlignmentTimer expires, the common operation is that UE needs to flush all HARQ buffers, notify RRC to release PUCCH/SRS, and clear any configured DL assignments and UL grants for all Serving Cells belonging to the TAG. 
In RAN1#111 meeting, RAN1 agreed to support TA acquisition of candidate cell(s) before cell switch command is received for LTM. TA updating for candidate cell can be triggered by NW. At least PDCCH ordered RACH is supported for both initial TA acquisition and TA updating of the candidate cell(s). In order to reduce the handover interruption and latency, the network should guarantee that UL TA with the candidate cell(s) is being maintained until the cell switch command is received. When UL TA for the candidate cell(s) is acquired, it is expected that the timeAlignmentTimer of the TAG associated to the candidate cell is started. If timeAlignmentTimer of the TAG associated to the target cell is running when UE receives the cell switch command, it implies that the UL TA towards the target cell is still valid, and UE can switch to the target cell directly without performing RACH. Therefore, the timeAlignmentTimer of the TAG associated to the target cell should not be considered as expired at MAC reset during LTM.
In LTM, UE may be switched back and forth between the source cell and the target cell. In this case, UE can maintain the timeAlignmentTimer of the source cell and skip RA procedure if the timeAlignmentTimer of the source cell keeps running when UE switches back to the source cell. Two TA timers belonging to two TAGs will be associated to the source cell and target cell respectively. 
Proposal 8: Configure separate TAGs and timeAlignmentTimers for the source cell and the candidate cells. UE keeps timeAlignmentTimer of the source cell and candidate cell(s) running at partial MAC reset during LTM, i.e., UE doesn’t consider timeAlignmentTimers of the TAG associated to the source cell and candidate cells as expired. 
HARQ Process
Dynamic scheduling
In full MAC reset procedure, MAC entity sets the NDIs for all UL HARQ processes to the value 0. It flushes the soft buffers for all DL HARQ processes and considers the next received transmission for a TB as the very first transmission for each DL HARQ process. Rel-18 LTM is characterised by higher cell switch numbers with shorter ToS compared with legacy HO. If the soft buffers for all HARQ processes are flushed upon each cell switch, it will consume more radio resources and prolong the packets delivery latency since the HARQ process for each TB is initialized in the target cell after cell switch. It is desired that the HARQ processes in both DL and UL can continue after cell switching to avoid duplicated HARQ retransmissions. 
For intra-DU LTM, the source cell and target cell can share the same MAC entity and HARQ entities in both network side and UE side, which makes it possible for both UE and network combine the received data for a TB from the source cell and the target cell and continue the HARQ processes without flushing the soft buffers. Just as illustrated in Figure 1 taking DL HARQ process for a TB as example, the final HARQ retransmission of the TB occurs in the target cell. UE doesn’t flush the soft buffer for the HARQ process and combines the received data from the source cell and target cell. It requires that the new transmission and retransmission of the TB are handled by the same HARQ process. HARQ ID is explicitly indicated in dynamic scheduling. Soft combining can be performed for the received data identified by the same HARQ ID before and after cell switch. For dynamic scheduling, there is no difficulty from the network side to guarantee that the same HARQ process is identified by the same HARQ ID, even if the HARQ process occurs in different cells. 
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Figure 1 HARQ continuation after cell switch (dynamic scheduling)
Proposal 9: For dynamic scheduling, support both UL and DL HARQ processes continuation at partial MAC reset during LTM, i.e., UE keeps the NDI values for all uplink HARQ processes and keeps the soft buffers for all DL HARQ processes. 
Proposal 10: For dynamic scheduling, HARQ retransmission of a TB from the target cell is identified by the same HARQ ID as the initial transmission in the target cell. 
Configured Scheduling
Configured scheduling is complementary to dynamic scheduling to further reduce the PDCCH overhead. It is desired that configured scheduling can share the common design principle and obtain the same gains dynamic scheduling. The only problem of configured scheduling is that the HARQ process ID for both DL and UL HARQ process is implicitly derived. For configured DL assignment, HARQ ID is determined by CURRENT_slot, periodicity, nrofHARQ-Processes, (numberOfSlotsPerFrame or harq-ProcID-Offset); for configured UL grant, HARQ ID is determined by CURRENT_symbol, periodicity, nrofHARQ-Processes, (harq-ProcID-Offset2). If HARQ continuation for configured scheduling is supported, it is required that the ongoing HARQ process and associated HARQ ID can’t be interrupted by another new TB transmission in the target cell after cell switch until the HARQ process is completed. One possible solution is to deactivate configured scheduling temporarily until the HARQ process is completed and activate configured scheduling after then.  
Taking Figure 2 for example, HARQ process is on-going for TB1 when UE receives the cell switch command. The configured scheduling is deactivated upon reception of the cell switch command and HARQ retransmission for TB1 after cell switch is performed through dynamic scheduling. After HARQ process for TB1 is completed, the HARQ process for TB2 can be initiated. Both autonomous deactivation and explicit control for configured scheduling are possible.  For example, the configured scheduling can be deactivated autonomously without explicit indication when there is ongoing HARQ processes for configured scheduling upon reception of cell switch command. Or the network can deactivate configured scheduling by sending PDCCH deactivation signaling.
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Figure 2 HARQ continuation after cell switch (configured scheduling)
[bookmark: OLE_LINK1]Proposal 11: For configured scheduling, RAN2 consider supporting both UL and DL HARQ processes continuation at partial MAC reset during LTM. 
Proposal 12: For configured scheduling, the network should guarantee that the retransmission of the TB is identified by the same HARQ ID in both the source cell and the target cell if HARQ processes continuation at partial MAC reset during LTM is supported. 
Proposal 13: Send LS to RAN1 inform that it’s beneficial to support HARQ continuation for both dynamic scheduling and configured scheduling and ask whether it’s feasible from RAN1 aspect. 
MAC partial reset indication
In last RAN2 meeting, RAN2 discussed 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 our understanding, even if for intra-DU, it is possible that the network is unable to perform MAC partial reset for certain procedure, e.g., HARQ continuation for CG/SPS and full MAC reset is desired. It’s not reliable for UE to determine whether to perform full MAC reset or partial MAC reset implicitly based on certain rules. Explicit indication of full MAC reset/partial MAC reset is preferred, which can either be indicated in RRC message or indicated in MAC CE. 
Proposal 14: Whether to perform full MAC reset or partial MAC reset is explicitly indicated. 
If the procedures are to be continued at partial MAC reset during LTM, the related configuration should also be kept without change. It implies that reconfiguration of the parameters for those procedure should be avoided in LTM, e.g., logical channel configuration for LCP, BSR-configuration for BSR procedure, etc. To keep HARQ processes, certain parameters can’t be kept the same between the source cell and the target cell. RAN1 needs to provide input on which physical parameters should not be reconfigured. 
Proposal 15: Reconfiguration of the parameters for LCP, BSR and TAT should be avoided for partial MAC reset. 


Conclusion
Proposal 1: UE keeps the LCP procedure ongoing at MAC partial reset during LTM, i.e., skips initializing Bj for each logical channel.  
Proposal 2: UE keeps the BSR procedure ongoing at MAC partial reset during LTM, i.e., skips cancelling if any triggered BSR procedure. 
Proposal 3: UE cancels if any triggered SR procedure at MAC partial reset during LTM, same as full MAC reset. 
Proposal 4: UE stops if any ongoing RACH procedure at MAC partial reset during LTM, same as full MAC reset. 
Proposal 5: UE cancels if any triggered BFR procedure at MAC partial reset during LTM, same as full MAC reset. 
Proposal 6: UE cancels if any triggered PHR procedure at MAC partial reset during LTM, same as full MAC reset. 
Proposal 7: UE cancels if any triggered consistent LBT failure at MAC partial reset during LTM, same as full MAC reset. 
Proposal 8: Configure separate TAGs and timeAlignmentTimers for the source cell and the candidate cells. UE keeps timeAlignmentTimer of the source cell and candidate cell(s) running at partial MAC reset during LTM, i.e., UE doesn’t consider timeAlignmentTimers of the TAG associated to the source cell and candidate cells as expired. 
Proposal 9: For dynamic scheduling, support both UL and DL HARQ processes continuation at partial MAC reset during LTM, i.e., UE keeps the NDI values for all uplink HARQ processes and keeps the soft buffers for all DL HARQ processes. 
Proposal 10: For dynamic scheduling, HARQ retransmission of a TB from the target cell is identified by the same HARQ ID as the initial transmission in the target cell. 
Proposal 11: For configured scheduling, RAN2 consider supporting both UL and DL HARQ processes continuation at partial MAC reset during LTM. 
Proposal 12: For configured scheduling, the network should guarantee that the retransmission of the TB is identified by the same HARQ ID in both the source cell and the target cell if HARQ processes continuation at partial MAC reset during LTM is supported. 
Proposal 13: Send LS to RAN1 inform that it’s beneficial to support HARQ continuation for both dynamic scheduling and configured scheduling and ask whether it’s feasible from RAN1 aspect. 
Proposal 14: Whether to perform full MAC reset or partial MAC reset is explicitly indicated. 
Proposal 15: Reconfiguration of the parameters for LCP, BSR and TAT should be avoided for partial MAC reset. 
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