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In RAN2#119-e meeting, RAN2 made following assumptions for the targeted performance of LTM:
Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
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.
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
In this contribution, we analyse the issue of data loss at LTM and discuss the potential solutions for both intra-DU and inter-DU LTM. 
Discussion
Data Loss at LTM 
As indicated by the WID objective, the goal of L1/L2-based inter-cell mobility is to reduce the mobility latency. The design target of LTM is to make the mobility latency closer to that of beam management during intra-cell mobility. Therefore, the network relies on the L1 measurement and report to trigger LTM.  Since the UE can always be scheduled with the beams of high quality among different cells adapting to the fast channel variation, mobility robustness and throughput can be improved. However, the side effect of LTM is high number of cell switch executions, short TOS and high ping-pong rate, just as illustrated in Figure 1 CDF of TOS for legacy HO and LTM with different TTT values. 
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Figure 1 CDF of TOS for Legacy HO and LTM
[bookmark: OLE_LINK10]Observation 1: LTM TOS is much shorter than legacy HO. TOS decreases dramatically with decrease of TTT. 
Table 1 provides simulation results of data loss rate assuming HARQ is always reset at HO and LTM cell switch. Simulation assumptions: UE is working on UMa@30GHz, Bandwidth: 100 MHz and the moving speed is 30km/h.  
Table 1 Simulation results of data loss, HARQ reset at HO and LTM cell switch
	
	Case 1: Legacy HO 
(2 a3offset, 0 TTT)
	Legacy HO
(2 a3offset, 160 TTT)
	LTM 
(Without filtering)
	LTM
(With filtering)

	HO attempts
	455
	41
	2024
	976

	No. Total DL transmission 
	330534
	393696
	331619
	366959

	No. Lost transmission
	2493
	246
	12956
	6363

	Data loss rate
	0.7%
	0.06%
	3.9%
	1.7%


Based on the simulation result, the HO attempts of LTM is 4 times of legacy HO if TTT is set to 0 with 2 dB A3-offset for legacy HO. The HO attempts of LMT is 20 times of legacy HO if TTT is set to a typical value, e.g., 160ms with 2dB A3-offset. It implies LTM cell switch execution number is normally several or even a dozen times more than legacy HO, depending on the UE mobility speed and HO parameter setting for basic HO. 
For legacy HO, the data loss rate is only 0.06% if TTT is set to 160ms with 2dB A3-offset. For LTM, we evaluate the data loss performance considering both of the cases w/wo applying filtering. The data loss rate reaches to 3.9% without applying filtering. However, the data loss rate is still high, 1.7% even if filtering is applied. 
Observation 2: LTM cell switch execution number is several or even a dozen times more than legacy HO. Data loss rate due to HARQ reset at LTM cell switch will reach several percent. 
[bookmark: OLE_LINK6]Observation 3: LTM cell switch execution number can be reduced by applying filtering on L1 measurements. It is FFS if filtering is needed, which is left to RAN1 discussion.  
There is no data loss issue for RLC AM bearers, but HARQ reset at LTM cell switch will result in frequent ARQ retransmissions and relatively longer packet delay for those packets which are subject to ARQ retransmission. 
Observation 4: There is no data loss issue for RLC AM bearer. HARQ reset at LTM cell switch will result in frequency retransmissions and relatively longer packet delay. 
That’s why RAN2 made the working assumption at the very beginning of LTM discussion 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. 
Proposal 1: RAN2 confirms that the target of L2 handling for LTM is avoiding the data loss and additional delay of data recovery.
RLC AM Bearer
1.1.1  Intra-DU LTM
For intra-DU LTM, RLC layer doesn’t need to be re-established. Therefore, all RLC SDUs, RLC SDU segments, and RLC PDUs are kept and not discarded and the RLC state machine is kept at LTM cell switch. For RLC AM bearer, if HARQ buffers are flushed at each LTM cell switch, the lost RLC SDUs or RLC segments can be recovered through ARQ retransmission, just as illustrated in Figure 2. Since the RLC state machine is kept during LTM cell switch, the RLC AM entity retransmits the lost RLC SDUs or segments due to MAC reset based on the status report from the peer RLC AM entity. The only problem for RLC AM bearer during intra-DU LTM is that lots of RLC SDUs/segments needs to be retransmitted through RLC ARQ retransmission. The network can help speedy recovery by delivering status report for UL data transfer and sending polling for DL data transfer after LTM cell switch. Therefore, current RLC AM transmit and reception operation can handle the data loss at LTM cell switch without specification impact. 


Figure 2 Data loss at Intra-DU LTM cell switch and RLC retransmission
Observation 5: For RLC AM bearer at intra-DU LTM cell switch, the network can perform speedy data recovery by sending status report and polling request immediately after LTM cell switch. This is allowed by network implementation without specification impact. 
Proposal 2: RAN2 assumes that network implementation allows speedy data recovery for RLC AM bearer at intra-DU LTM cell switch without specification impact. 
1.1.2  Inter-DU LTM
Compared with intra-DU LTM, the major extra procedure for inter-DU LTM is RLC re-establishment. For RLC AM bearer, PDCP PDUs which are not successfully transmitted/received to/from the source cell are retransmitted/re-received to/from the target cell. Therefore, PDCP data recovery procedure is required to avoid data loss due to inter-DU LTM cell switch, just as illustrated in Figure 3. At the network side, the PDCP data recovery procedure may be similar as L3 HO without PDCP re-establishment, or SN release/addition for split bearer. 


Figure 3.	Data loss at Inter-DU LTM cell switch and PDCP data recovery
Proposal 3: The PDCP data recovery procedure is applied to the RLC AM bearers for inter-DU LTM cell switch. 
RLC UM Bearer
Compared to the legacy HO, data loss due to HARQ reset at LTM cell switch for RLC UM bearers will increase dramatically (e.g., from 0.06% in legacy HO to 1.7% /3.9% in LTM w/wo filtering). Taking the services of conversational voice and conversational video for example, the requirement of  packet error rate is 1% and 1‰ respectively. Those services are usually transferred via RLC UM mode due to its stringent latency requirement. Therefore, the high data loss rate (1.7% or 3.9%) due to HARQ reset at LTM cell switch can’t meet the QoS requirements for those services. 
Observation 6: For RLC UM bearer, data loss due to HARQ reset at LTM cell switch increases dramatically. It is hard to meet the QoS requirement of packet error rate for the services, e.g., conversational voice and conversational video, which are usually transferred via RLC UM bearers.  
Proposal 4: RAN2 confirms that data loss for RLC UM bearers due to LTM cell switch is an issue that needs to be addressed. 
1.1.3 Intra-DU LTM
Alt 1: HARQ Continuation 
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 4 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. 
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.  
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Figure 4 HARQ continuation after cell switch
From the UE perspective, HARQ continuation has minor specification and implementation impact. From network perspective, network always has the flexibility to reset HARQ process or not. If network doesn’t want to support HARQ continuation, it can always schedule new data by existing HARQ signalling after LTM cell switch. 
Observation 7: HARQ continuation has minor specification and implementation impact at both UE side and network side. If network doesn’t want to support HARQ continuation, it can simply schedule new data with the existing scheduling mechanism after LTM cell switch. 
Alt 2: RLC-based Retransmission
For RLC UM bearer, if HARQ continuation is not supported at LTM cell switch, the current RLC UM operation may need to be enhanced to handle the lost RLC SDUs/segments. Following two options are considered:
· Option 1: RLC SDUs/segments retransmission without status report from peer RLC entity.
· Option 2: RLC SDUs/segments retransmission with status report from peer RLC entity. 
Observation 8: If HARQ continuation is not supported at LTM cell switch, RLC UM operation needs to be enhanced to retransmit the lost RLC SDUs/segments at LTM cell switch.
In option 1, for DL data transfer, the DU can check the HARQ status for each HARQ process and figure out whether the corresponding RLC SDUs/segments are successfully delivered or not at LTM cell switch. Then the DU can retransmit the RLC SDUs/segments from the target cell after LTM cell switch if those RLC SDUs/segments are identified as not successfully delivered. The DU may need to rebuild the UMD PDUs to retransmit those RLC SDUs/segments which are not successfully delivered before LTM cell switch. The same principle can be applied to UL data transfer, i.e., UE can check the HARQ status for each HARQ process and retransmit those RLC SDUs/segments which are not successfully delivered to the target cell. However, this solution adds lots of implementation complexity at both UE and network side. Furthermore, checking the HARQ status may not exactly reflect the delivery status of the RLC SDUs/segments and it’s possible that delivery status of the RLC SDUs/segments is falsely detected in some error cases. 
Observation 9: RLC SDUs/segments retransmission without status report requires UE/network implementation to perform self-detection of the lost RLC SDUs/segments by checking the HARQ status over the lower layer, which introduces much more implementation complexity. 
Another possible option is RLC SDUs/segments retransmission with status report. In DL data transfer, RLC status report is immediately triggered by UE upon LTM cell switch, based on which the network can retransmit the lost RLC SDUs/segments from the target cell after cell switch. In UL data transfer, UE can retransmit the lost RLC SDUs/segments to the target cell after cell switch based on the status report received from the target cell. Considering UM reception window operation, those RLC SDUs/segments waiting for retransmission should be prioritized over the new RLC SDUs/segments, so that the reception window is stalled and not moved, waiting for the RLC SDUs/segments which are lost at LTM cell switch. This solution requires much specification effort, which introduce similar ARQ retransmission mechanism for RLC UM bearers at LTM cell switch. Triggering RLC retransmission is slower than triggering HARQ retransmission in HARQ continuation. 
Observation 10: RLC SDUs/segments retransmission with status report for RLC UM bearer requires introducing status report mechanism from the peer RLC entity, which needs more specification effort. 
If HARQ continuation is not supported, the implementation complexity and specification effort will be moved from MAC layer to RLC layer. However, the transmit/reception operation is not as efficient as HARQ continuation, considering the relatively longer latency over the RLC layer. 
Proposal 5: HARQ continuation is supported at LTM cell switch to reduce the data loss. 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.
1.1.4 Inter-DU LTM
One possible way to minimize packet data loss for RLC-UM bearer for inter-DU LTM is to support PDCP packet retransmission when cell switch occurs, similar as RLC-AM bearer.  Considering PDCP status report has already been supported in Rel-16 DAPS handover upon uplink data switching, it can also be extended to support inter-DU mobility in Rel-18. Whether to support PDCP status report and retransmission for the RLC UM bearer can be configurable. 
Observation 11: Current PDCP status report and retransmission mechanism for RLC AM bearer can be extended to handle the data loss at inter-DU LTM cell switch. 
Proposal 6: Same as RLC AM bearers, PDCP status report and PDCP packet retransmission are supported and configurable for RLC UM bearers to reduce the packet loss for inter-DU LTM. 
 Configure RLC AM mode for LTM
Based on proposal 2 and proposal 3, one possible solution to handle data loss at LTM cell switch is to always configure RLC AM mode for all DRBs when LTM is configured. In this solution, the applications or services, which typically use RLC-UM mode are transferred via RLC AM bearers. The main reason is to minimize the specification and implementation effort to deal with the data loss issue at LTM cell switch. However, considering RLC-AM is configured for real-time services for the purpose of recovering the lost packets at LTM cell switch, the triggering of retransmissions should be fast enough. This solution has no specification impact but requires specific network implementation. 
Proposal 7: RAN2 discuss whether it’s possible to always configure RLC AM mode for the services, which are typically configured as RLC UM bearers when LTM is configured. The network implementation should guarantee that the RLC AM operation meets the QoS requirements. 
Conclusion
We have following observations for the data loss at LTM cell switch:
[bookmark: OLE_LINK8]Observation 1: LTM TOS is much shorter than legacy HO. TOS decreases dramatically with decrease of TTT. 
Observation 2: LTM cell switch execution number is several or even a dozen times more than legacy HO. Data loss rate due to HARQ reset at LTM cell switch will reach several percent. 
Observation 3: LTM cell switch execution number can be reduced by applying filtering on L1 measurements. It is FFS if filtering is needed, which is left to RAN1 discussion.  
Observation 4: There is no data loss issue for RLC AM bearer. HARQ reset at LTM cell switch will result in frequency retransmissions and relatively longer packet delay. 
Observation 5: For RLC AM bearer at intra-DU LTM cell switch, the network can perform speedy data recovery by sending status report and polling request immediately after LTM cell switch. This is allowed by network implementation without specification impact. 
Observation 6: For RLC UM bearer, data loss due to HARQ reset at LTM cell switch increases dramatically. It is hard to meet the QoS requirement of packet error rate for the services, e.g., conversational voice and conversational video, which are usually transferred via RLC UM bearers.  
Observation 7: HARQ continuation has minor specification and implementation impact at both UE side and network side. If network doesn’t want to support HARQ continuation, it can simply schedule new data with the existing scheduling mechanism after LTM cell switch. 
Observation 8: If HARQ continuation is not supported at LTM cell switch, RLC UM operation needs to be enhanced to retransmit the lost RLC SDUs/segments at LTM cell switch.
Observation 9: RLC SDUs/segments retransmission without status report requires UE/network implementation to perform self-detection of the lost RLC SDUs/segments by checking the HARQ status over the lower layer, which introduces much more implementation complexity. 
Observation 10: RLC SDUs/segments retransmission with status report for RLC UM bearer requires introducing status report mechanism from the peer RLC entity, which needs more specification effort. 
Proposals:
Proposal 1: RAN2 confirms that the target of L2 handling for LTM is avoiding the data loss and additional delay of data recovery.
Proposal 2: RAN2 assumes that network implementation allows speedy data recovery for RLC AM bearer at intra-DU LTM cell switch without specification impact. 
Proposal 3: The PDCP data recovery procedure is applied to the RLC AM bearers for inter-DU LTM cell switch. 
Proposal 4: RAN2 confirms that data loss for RLC UM bearers due to LTM cell switch is an issue that needs to be addressed. 
Proposal 5: HARQ continuation is supported at LTM cell switch to reduce the data loss. 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 6: Same as RLC AM bearers, PDCP status report and PDCP packet retransmission are supported and configurable for RLC UM bearers to reduce the packet loss for inter-DU LTM. 
Proposal 7: RAN2 discuss whether it’s possible to always configure RLC AM mode for the services, which are typically configured as RLC UM bearers when LTM is configured. The network implementation should guarantee that the RLC AM operation meets the QoS requirements. 
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