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1. Introduction
In previous meetings,  RAN2 has discussed the partial MAC reset issue. And the following agreements were made in RAN2#120 and RAN2#121 respectively[1][2].
	· 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.





	· 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 paper, we will discuss the partial MAC reset issue in detail and the contents included in the LTM cell switch MAC CE.
2. Discussion
2.1. HARQ continuation
2.1.1 Necessity of HARQ continuation
During RAN2#121, the topic of HARQ continuation was discussed, but no consensus was reached as following agreement. In this section, we will further discuss the HARQ continuation during intra-DU LTM.
	· 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.


In the legacy mechanism, the UE MAC entity is always reset during the handover procedure. When performing MAC reset, the UE sets the NDIs for all uplink HARQ processes to the value 0 and flushes the soft buffers for all DL HARQ processes, making HARQ continuation after handover not possible.
To reduce the latency of legacy handover, LTM is introduced. In LTM, cell switch is triggered by L1 measurement results. However, since the quality of L1 signal changes rapidly, LTM is characterized by a higher cell switch frequency with a shorter ToS compared to legacy handover. If HARQ continuation is not supported during LTM, the UE will experience more data loss than legacy handover.
In TS 23.501, the mapping between Standardized 5QI to QoS characteristics is defined. The QoS characteristics for 5QI = 2 is as follows: 
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	1
	
GBR
	20
	100 ms
(NOTE 11,
NOTE 13)
	10-2
	N/A
	2000 ms
	Conversational Voice

	2
	(NOTE 1)
	40
	150 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)


Usually, conversational video is transferred via RLC UM mode due to its stringent latency requirement. It means that loss of application packet occurs every time a MAC TB not acknowledged is flushed by the sender. Let’s assume that 1000 MAC TBs of conversational video are sent to the UE per second, and the UE performs a cell switch once per second. This implies that the QoS of conversational video cannot be met if more than one TB, which has not been successfully received, is flushed.
Therefore, it is desired that the HARQ processes in both DL and UL can continue after cell switch to ensure that the QoS of services are not impacted by LTM. Additionally, HARQ continuation can avoid duplicated HARQ retransmissions, which can help improve radio resource efficiency and reduce packet delivery latency.
Observation 1: QoS of RLC UM mode service may not be met if HARQ doesn’t continue during LTM.
2.1.2 Concerns analysis of HARQ continuation
In the last meeting, some concerns were raised regarding HARQ continuation [3][4][5][6][7], mainly including the following issues:
Overdue signaling in MAC TB [3][4] 
Issue description: MAC PDU stored in the HARQ buffer may contain one or more UL/DL MAC CE before cell switching, and these overdated UL/DL MAC CE may cause errors at the UE side or mislead the NW.
Analysis: Since the NW knows the initial transmission of one UL TB is scheduled in which cell (i.e. source or target), it can decide whether a UL MAC CE received is outdated or not. In DL, the NW can schedule a new transmission with a HARQ process to flush the DL soft buffer associated with the HARQ process if the TB in the DL soft buffer carries overdue DL MAC CE. Moreover, not all MAC CEs are outdated after cell switching. For example, the BSR MAC CE that was initially transmitted in the source cell can still be valid if it is finally received in the target cell with cross-cell HARQ retransmission.
Observation 2: It could be up to NW implementation to determine whether re-transmit the MAC CE on a HARQ process whose initial transmission is scheduled in source cell after LTM is completed, UE retains the soft buffer during LTM and UE could perform soft buffer flush after LTM if NW schedules a new transmission on this HARQ process. 
TB size may be changed after cell switch [3][ 5]
Issue description: The SINR in the target cell should be significantly better than in the source cell, which is why LTM is performed. However, maintaining the DL HARQ buffer in the target cell may result in the retransmission of the original TB from the source cell, even though it is possible to transmit a much larger TB to the UE in the same time and frequency resource due to the higher SINR in the target cell. This leads to wastage of radio resources in the target cell.
Analysis: This is an issue that already exists. In Rel-17 ICBM, a neighboring cell is modeled as a TRP of the serving cell. Hence, when the UE communicates with the neighboring cell through ICBM, its SINR improves and the HARQ buffers are retained. It should be noted that even if the UE's HARQ buffers are retained, the NW still has complete flexibility to flush the UE's UL HARQ and DL soft buffer by scheduling a new transmission through PDCCH. For example, when the NW is confident that the QoS of the ongoing service can be met, it can opt to give up HARQ continuation to avoid wasting radio resources.
Observation 3: It could be up to NW implementation to determine the TB size of a HARQ process after LTM is completed, UE retains the soft buffer during LTM and UE could perform soft buffer flush after LTM if NW schedules a new transmission on this HARQ process.
Number of HARQ processes is different in source and target cell [5][6][7]
Issue description: The number of HARQ processes could differ between the source PCell and target PCell. Therefore, it is necessary to map the HARQ process ID between the source and target cells so that both the UE and NW understand the content in each HARQ process buffer.
Analysis: HARQ continuation is only possible in an intra-DU scenario where the MAC peers in the UE and NW are unchanged. Thus, we believe it is uncommon for the number of HARQ processes to differ between the source PCell and the target PCell. Even if it does occur, and the target PCell is configured with fewer HARQ processes than the source PCell, the UE can easily identify the exceeded HARQ processes and flush the related HARQ buffers. If the target PCell is configured with more HARQ processes than the source PCell, we see no issue that needs to be fixed.
Observation 4: It is uncommon for the number of HARQ processes to differ between the source PCell and the target Pcell. If it happens and the target PCell is configured with fewer HARQ processes than the source PCell, the UE can flush the buffers of the exceeded HARQ processes. 
Mapping of HARQ entity between serving and target cell group[5]
Issue description: In the current model, each serving cell has its own HARQ entity, and each HARQ entity has its own HARQ buffers. To maintain HARQ buffers during LTM in CA cases, it is necessary to consider which source HARQ entity should be maintained and mapped to which target HARQ entity. However, the number of serving cells in the source cell group may differ from the target cell group, and even if they are the same, the SCell serving cell ID may be different. Thus, an association or a mapping between source cell/HARQ entity and target cell/HARQ entity needs to be defined so that both the UE and NW understand the content in each HARQ entity buffer.
Analysis: We acknowledge that this issue needs resolving. To simplify matters, we suggest defining a simple mapping rule in the specification. For SpCell, the HARQ entity of the source SpCell is inherited by the target SpCell. For SCell, we propose to map based on SCellIndex. That is, the HARQ entity of the source SCell is inherited by the target SCell configured with the same SCellIndex as the source SCell.
Observation 5: Simple mapping rule could resolve the issue that the number of serving cells changes after LTM. 
Taking the above analysis into account, we think HARQ continuation is indeed crucial to maintain QoS during LTM as it occurs more frequently than legacy handover. To support HARQ continuation, it is necessary to define a rule for mapping HARQ entities between cells in the serving and target cell groups. This will ensure that the content in each HARQ buffer is understood by both the UE and NW, enabling seamless transmission of data during LTM.
Proposal 1: Maintain DL HARQ soft buffer and NDI for UL HARQ processes when UE performs partial MAC reset.
2.2. Other Partial MAC reset issue
During the discussion of partial MAC reset in RAN2#120 meeting[8], companies expected a common partial MAC reset design should be applied for different cell change cases. The related agreement is as follows:
	· 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)


Regarding the detailed partial MAC reset, companies agreed that the summary in [9] could be considered as the starting point for partial reset in intra-DU. Hence, we will further discuss partial reset based on [9] and the summarized conclusion as follows in [8]:
	Proposal 3: Some “high” MAC parts, which is not cell specific, could be considered for partial reset in intra-DU, FFS which parts below should be included, e.g.
-	Keep the triggered BSR
-	Maintain logical channel Bj value
-	Maintain DL HARQ soft buffer
-	Maintain NDI for UL HARQ processes
-	Not cancel Triggered Recommended bit rate query procedure


In the following sections, we discuss the remaining MAC partial reset issue. 
2.2.1 BSR
According to the current specification, when the BSR is triggered, MAC entity will instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE and start or restart the related timer.  It could be observed that the BSR procedure is not related to the serving cell. Besides, cell switch doesn’t impact the data volume calculation for UL data available for transmission, hence a triggered BSR should not be reset and needs to be reported to network to assist scheduling after LTM. Otherwise, UE’s MAC entity has to generate same BSR MAC CE for UL transmission and the UL data transmission will be delayed. Therefore, the triggered BSR procedure could be kept in intra-DU LTM.
Proposal 2: Triggered BSR is kept when UE performs partial MAC reset, to report buffer status in target cell timely.
2.2.2 logical channel Bj value
Every logical channel maintains a Bj, MAC entity shall initialize Bj of the logical channel to 0 when the logical channel is established, and increment the value of Bj by the product PBR * T, in which the PRB is the Prioritized Bit Rate configured for the logical channel and T is the time elapsed since Bj was last incremented. Besides, MAC entity shall decrement the value of Bj by the total size of MAC SDUs served to this logical channel when there are resources allocated to this logical channel.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on the above, the value of Bj is maintained to ensure the QoS of the associated logical channel, it makes sense to not affect the Bj when cell switch occurs. Hence, we propose:
[bookmark: _Hlk127525478]Proposal 3: Maintain logical channel Bj value when UE performs partial MAC reset, to ensure the QoS of traffic of the associated logical channel.
2.2.3 Triggered Recommended bit rate query
Recommended bit rate query is used to ask the local gNB to change the link bit rate when the UE receives the notification from the upper layer (i.e. application) that the peer is about to change the codec bit rate. Even though LTM is performed, it seems the request for recommended bit rate in upper layers is still necessary and shall not be affected as long as the session is ongoing.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: Continue the triggered Recommended bit rate query procedure when UE performs partial MAC reset, to ensure upper layer’s request for data rate adaptation is performed.
2.2.4 Cell specific MAC procedures 
In current MAC reset, some cell-specific procedures will be canceled, the same principle should be applied for partial MAC reset since the serving cell is changed. These procedures are the following:
· Ongoing RACH procedure: RA configuration and CFRA resources are cell-specific. So the ongoing RACH procedure should be stopped and MsgA/Msg3 buffer should be flushed.
· Triggered SR: Triggered SR is related to the PUCCH resource of the source cell. Hence the triggered SR should be canceled after LTM.
· Triggered PHR: PHR is used to provide the difference between the nominal UE maximum transmit power and the estimated power in the current serving cell, which is useless after the serving cell changes.
· Triggered consistent LBT failure: The parameters for consistent LBT failure detection is configured per serving cell. According to the current mechanism, the consistent LBT failure is canceled after consistent LBT failure detection parameters are reconfigured. Hence, triggered consistent LBT failure should be canceled after cell switch.
· Triggered BFR: BFR is a cell-specific procedure, when LTM is performed, the serving cell is changed, and the trigger BFR for source cell means nothing to target cell.
· Triggered configured uplink grant confirmation: It is useless to send configured uplink grant confirmation in target cell as all the CG resources in source cell are released during the LTM.
· UL time alignment timer with source cell: UL time alignment timer with source cell is useless after UE changes serving cell.
Proposal 5: When UE performs partial MAC reset, cell-specific procedures including ongoing RACH procedure, triggered SR, triggered PHR, triggered consistent LBT failure, triggered BFR, and triggered configured uplink grant confirmation are canceled, and the UL time alignment timer with source cell is considered as expired.
2.3. [bookmark: _Hlk117151892]Contents of the cell switch command
The candidate configuration index has been agreed to be contained in the MAC CE of cell switch command, however whether there is additional information should be included in the MAC CE has not concluded. We further discuss the contents of the cell switch command in this section. 
	RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
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 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
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.


2.3 
CFRA indication in LTM MAC CE
[bookmark: _Hlk118209784]RAN1 is discussing the TA acquisition of candidate cell(s) before LTM cell switch command, if the UE has acquired the TA before the LTM, NW won’t instruct the UE to perform RACH procedure during the LTM, otherwise, NW will instruct UE to perform RACH during the LTM.
Observation 6: UE needs to perform RACH after receiving the LTM MAC CE if no TA is acquired before LTM for the target cell. 
In the case that NW instructs UE to perform RACH during the LTM, UE may perform CFRA based on the dedicated RACH resource in the pre-configured configuration of candidate cell. However, since the candidate configuration of LTM is pre-configured to UE before the LTM is executed and could be maintained for the subsequent LTM, the duration between the preparation and LTM execution may be very long. It is a huge RACH resource wastage if the target cell cannot reallocate the reserved RACH resource to other UEs. 
To solve the issue, one candidate cell can reserve the same CFRA resource for multiple UEs, and the serving cell can indicate UE whether the CFRA resource in the pre-configured candidate configuration is available through 1 bit in the cell switch command. For example, if multiple UEs sharing the same CFRA resource are performing LTM simultaneously, the source cell can indicate to one UE the CFRA resource is available and indicates to the other UEs the CFRA resource is not available. Since it is uncommon for multiple UEs sharing CFRA resource to perform LTM simultaneously, most UEs can perform LTM with CFRA. As a result, a lot of CFRA resource can be saved at the cost of a very low probability of no CFRA resource available during LTM. In our understanding, this indication is especially useful and feasible for intra-DU LTM scenarios, in which case the serving DU controls both the serving and candidate cells, and knows exactly which  CFRA resource is available. 
TA in LTM MAC CE
According to the LS from RAN1[10], RAN1 has agreed if the reception of RAR is not configured, the TA value of candidate cell is indicated in cell switch command.
	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


As a result, we suggest RAN2 to confirm that the TA of the target cell is optionally present in the cell switch command. 
beam indication in MAC CE
Besides, RAN1 has agreed beam indication for target cell is conveyed in the MAC CE according to the following agreements:
	Agreement
· The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2


In our view, both RACH-less and RACH-based LTM should include beam indication in LTM MAC CE, and the included beam indication in LTM MAC CE should be the TCI state of CSI-RS since the intention of including the beam indication for target cells is to help UE use a high-performance beam to perform data transmission with target cell after LTM to reduce the data interruption. 
BWP determination and SCell activation/deactivation
According to our companion paper [11], UE may activate a BWP simultaneously with LTM trigger MAC CE. The method of how UE determines the BWPs to be used could be based on the firstActivatedDownlinkBWP-Id and firstActivatedUplinkBWP-Id configured within ServingCellConfig. Besides, UE may perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE based on the sCellState within the pre-configured RRC configuration.  In our view, these IE has existed in the current RRC configuration, hence the corresponding indications in LTM triggering MAC CE aren’t needed. 
Based on the above discussion, we propose:
Proposal 6:  The LTM triggering MAC CE contain at least the following contents:
· Candidate configuration index
· TA of the target cell, optionally
· TCI state of CSI-RS belonging to the target cell
· Indication of whether the CFRA resource in target cell configuration is available
Proposal 7:  During LTM, UE activates the BWP and SCell according to indicates in the RRC configuration of the target cell, as it does currently.
3. Conclusion
In this contribution, we discuss the HARQ continuation, partial MAC reset and contents of the cell switch command. Based on the discussion, we have the following observations and proposals.
Observations are as follows:
Observation 1: QoS of RLC UM mode service may not be met if HARQ doesn’t continue during LTM.
Observation 2: It could be up to NW implementation to determine whether re-transmit the MAC CE on a HARQ process whose initial transmission is scheduled in source cell after LTM is completed, UE retains the soft buffer during LTM and UE could perform soft buffer flush after LTM if NW schedules a new transmission on this HARQ process. 
Observation 3: It could be up to NW implementation to determine the TB size of a HARQ process after LTM is completed, UE retains the soft buffer during LTM and UE could perform soft buffer flush after LTM if NW schedules a new transmission on this HARQ process.
Observation 4: It is uncommon for the number of HARQ processes to differ between the source PCell and the target Pcell. If it happens and the target PCell is configured with fewer HARQ processes than the source PCell, the UE can flush the buffers of the exceeded HARQ processes. 
Observation 5: Simple mapping rule could resolve the issue that the number of serving cells changes after LTM. 
Observation 6: UE needs to perform RACH after receiving the LTM MAC CE if no TA is acquired before LTM for the target cell. 
Proposals are as follows:
Proposal 1: Maintain DL HARQ soft buffer and NDI for UL HARQ processes when UE performs partial MAC reset.
Proposal 2: Triggered BSR is kept when UE performs partial MAC reset, to report buffer status in target cell timely.
Proposal 3: Maintain logical channel Bj value when UE performs partial MAC reset, to ensure the QoS of traffic of the associated logical channel.
Proposal 4: Continue the triggered Recommended bit rate query procedure when UE performs partial MAC reset, to ensure upper layer’s request for data rate adaptation is performed.
Proposal 5: When UE performs partial MAC reset, cell-specific procedures including ongoing RACH procedure, triggered SR, triggered PHR, triggered consistent LBT failure, triggered BFR, and triggered configured uplink grant confirmation are canceled, and the UL time alignment timer with source cell is considered as expired.
Proposal 6:  The LTM triggering MAC CE contain at least the following contents:
· Candidate configuration index
· TA of the target cell, optionally
· TCI state of CSI-RS belonging to the target cell
· Indication of whether the CFRA resource in target cell configuration is available
Proposal 7:  During LTM, UE activates the BWP and SCell according to indicates in the RRC configuration of the target cell, as it does currently.
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