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In RAN2#120meeting, the overall procedure of LTM is captured in the running CR [1]. In this contribution, we try to address some FFS issues in the procedure and initiate inter-DU LTM discussion. 

Discussion
[bookmark: _Hlk110588814]LTM Procedure
In RAN2#120 meeting, it was agreed that LTM cell switch is supervised by a timer and UE arrival in the target cell need to be indicated somehow. The question is how to indicate UE arrival in the target cell, implicit indication or explicit indication. In legacy HO procedure, RRCReconfigurationComplete message is sent from the UE to the target cell as indication of UE arrival and successful HO in the target cell. It is considered as explicit indication. If explicit indication of UE arrival to the target cell is considered, L3 message is not preferred considering the long latency. If L1/L2 signalling is used for UE arrival indication, a new UCI or new MAC CE will be required. However, we think implicit indication is enough. 
For LTM, RACH may be performed or skipped depending on whether UL synchronization towards the target cell is available or not. If RACH procedure is performed, the target cell knows UE arrival after the RACH procedure is successfully completed. Therefore, if CFRA procedure is performed, the UL transmission with the UL grant provided in RAR can be considered as UE arrival indication to the target cell. If CBRA procedure is performed, the first UL transmission after contention resolution can be considered as UE arrival indication to the target cell. 
If RACH is skipped, whether the UL grant for the first UL transmission is dynamic grant or configured grant should be decided by RAN1. However, the first UL transmission towards the target cell can be considered as UL arrival indication to the target cell. 
Proposal 1: If RACH procedure is performed at cell switch, the first UL transmission towards the target cell after RACH procedure successful completion is considered as UE arrival indication. 
Proposal 2: If RACH procedure is skipped at cell switch, the first UL transmission towards the target cell is considered as UE arrival indication. 
RAN2 agreed to support LTM for CA scenarios, which consider various cases of PCell change w/wo SCell change. For RRC models for candidate cell(s) configuration, RAN2 confirmed that the CellGroupConfig IE is needed(mandatory) within an LTM candidate cell configuration. Different candidate cell configurations can configure different cell groups flexibly with different carriers. When cell switch command indicating the candidate configuration index of the target cell is received, UE switches to the LTM candidate cell configuration of the target cell, in which the CellGroupConfig IE provides the SCell list and the corresponding SCell configuration. It is whether to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with the LTM triggering MAC CE. Although the SCell state can be set in the pre-configuration message, the desired SCell state when UE switches to the target configuration may be different from the default activation/deactivation state set by the RRC preconfiguration. It is desired that SCell(s) can be activated/deactivated together with cell switch to reduce the SCell activation/deactivation latency in the target cell. 
Proposal 3: The SCell(s) can be activated or deactivated simultaneously with the cell switch MAC CE. 
Inter-DU operation
In RAN2#119 meeting, we confirmed the support of LTM for inter-DU scenario. Furthermore, the design for intra-DU and inter-DU L1/L2 mobility should share as much commonality as reasonable. But it’s for sure that there are inter-DU specific issues, which need to be addressed. The general procedure of LTM focuses on the steps/signalings over the air interface and doesn’t differentiate the intra-DU and inter-DU LTM scenarios. Since the LTM procedure was figured out and captured in the running CR, it’s time to address the inter-DU specific issues.  
One example of inter-DU LTM procedure is illustrated in Figure 1. The detailed signaling flow should be discussed in RAN3.
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Figure 1. Example of inter-DU LTM procedure
The main aspect needs to be considered for inter-DU mobility is UP (RLC/MAC) handling and the coordination among CU, source DU and target DU over F1 interface.  We had evaluated the inter-DU LTM performance in [2], submitted in RAN2#119e meeting. For inter-DU case, cell switch command is sent to UE after CU-DU coordination. The CU-DU coordination can be considered as a procedure for cell switch preparation, akin to HO preparation.  Therefore, the latency caused by CU-DU coordination over F1 interface is not a contributor to the overall cell switch latency. 
Regarding to mobility performance in terms of handover failure rate, ping-pong rate, RLF rate, etc, the impact of additional latency due to UP reset and cell switch preparation delay over F1 interface is not significant. The mobility performance of LTM for inter-DU can be comparable to intra-DU, assuming the same L1 measurement/report mechanism is applied. 
In legacy handover mechanism, the handover decision is made in a relatively stable manner based on the RRM measurements/reports.  The network tries to balance the mobility performance of ping-pong effect and HOF rate by adjusting TTT value and thresholds of the triggering events. However, the LTM mechanism is targeting to fast cell switch based on L1 measurements/report to reduce the mobility latency and improve the mobility reliability. The ping-pong rate is much higher than legacy handover mechanism.
If inter-DU mobility also wants to obtain the similar benefits as intra-DU mobility, it also needs to rely on L1 measurements/reports to make mobility decision and take advantages of ping-pong effect instead of minimizing it. But the drawback is increased interaction/signalling overhead over F1 interface due to the high ping-pong rate. 
RAN2 should discuss how to handle the ping-pong effects for inter-DU mobility. The opposite option is to minimize the ping-pong rates as legacy handover procedure by setting longer TTT or introducing additional L1-RSRP threshold for cell switch, similar as legacy handover procedure. However, the benefits obtained by LTM mechanism will shrink dramatically. The mobility reliability will degrade, and mobility latency will increase. 
Proposal 4: RAN2 discuss how to handle the ping-pong effects for inter-DU mobility:
· Option 1: Minimize ping-pong rates/longer TOS to reduce the interactions between CU and DUs. 
· Option 2: Take advantage of ping-pong effect/shorter TOS to improve the mobility reliability.
Compared with intra-DU mobility, the major extra procedures for inter-DU mobility are RLC reestablishment and MAC reset.  The ping-pong rate of LTM (FR2, ISD = 200m, 30 km/hr) can be 7 times of legacy HO [2]. The frequent RLC re-establishment will result in more packet loss and longer packet delivery latency just as illustrated in Figure 3. 
· Packet loss for RLC-UM bearer: PDCP PDUs which are not successfully transmitted/received to/from source cell are discarded.
· Longer packet delivery latency for RLC-AM bearers: PDCP PDUs which are not successfully transmitted/received to/from the source cell are retransmitted/re-received to/from the target cell. 
This is illustrated below.
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Figure 2.	Pack loss in RLC-UM and longer latency in RLC-AM
Considering Rel-18 L1/L2-based mobility targets more frequent cell switching (e.g., back-and-forth among cells in a region), UE experience degradation due to more packet loss or longer packet delivery latency is more severe. Therefore, RAN2 should discuss potential enhancements to mitigate packet loss and latency problems due to RLC reestablishment for L1/L2-based inter-DU mobility. 
One possible way to minimize packet data loss for RLC-UM bearer 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. 
Proposal 5: Support PDCP status report and PDCP packet retransmission for UM DRBs to reduce the packet loss for inter-DU LTM. 
To support fast cell switch, there are two possible methods to support L1/L2-based inter-DU mobility from UP protocol point of view, i.e., single-protocol or dual-protocols, as illustrated in Figure 3. 
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Figure 3.	Single-protocol vs. Dual-Protocol for inter-DU mobility
The two methods are further explained below.
· Single Protocol: From UE side, single protocol of one MAC entity and one set of RLC entities is associated with the serving cell. Before cell switch, the single protocol is associated with the source cell/DU and is associated with the target cell/DU after cell switching. 
· Dual Protocols: Frome UE side, dual protocols, each protocol comprising one MAC entity and one set of RLC entities, are associated with the source cell/DU and target cell/DU respectively. Only one single protocol is actively in use. Before cell switching, the protocol associated to the source cell/DU is in use; after cell switching, the protocol associated to the target cell/DU is in use. 
The single protocol method is considered as the basic solution for inter-DU mobility. MAC reset and RLC re-establishment are always required for cell switching. The issue of frequent packet loss can’t be avoided. Further optimization should be considered, just as mentioned Proposal 6. The dual protocol method is considered as a further optimization, which can further reduce the mobility latency. In dual protocol, the MAC entity and the RLC entities can be prepared upon reception of the reconfiguration message. UE can use the protocol associated to the target cell immediately upon reception of the cell switch command. Furthermore, the architecture of dual protocol is the same as split bearer. It allows that possibility to avoid RLC re-establishment and MAC reset when UE is switched back and forth between the source cell and the target cell. Considering the UP process for dual protocol is similar as split-bearer, there is not additional requirement on UE capability. UE which supporting split-bearer can support dual protocol directly. 
Proposal 6: RAN2 consider both the solutions of single protocol and dual protocols for inter-DU LTM. 
· Single protocol: single protocol of one MAC entity and one set of RLC entities is associated to the serving cell from UE aspect.
· Dual Protocols: dual protocols with each protocol comprising one MAC entity and one set of RLC entities are associated to the source cell/DU and target cell/DU respectively from UE aspect. 


Conclusion
General LTM procedure
Proposal 1: If RACH procedure is performed at cell switch, the first UL transmission towards the target cell after RACH procedure successful completion is considered as UE arrival indication. 
Proposal 2: If RACH procedure is skipped at cell switch, the first UL transmission towards the target cell is considered as UE arrival indication. 
Proposal 3: The SCell(s) can be activated or deactivated simultaneously with the cell switch MAC CE. 
Inter-DU LTM operation
Proposal 4: RAN2 discuss how to handle the ping-pong effects for inter-DU mobility:
· Option 1: Minimize ping-pong rates/longer TOS to reduce the interactions between CU and DUs. 
· Option 2: Take advantage of ping-pong effect/shorter TOS to improve the mobility reliability.
Proposal 5: Support PDCP status report and PDCP packet retransmission for UM DRBs to reduce the packet loss for inter-DU LTM. 
Proposal 6: RAN2 consider both the solutions of single protocol and dual protocols for inter-DU LTM. 
· Single protocol: single protocol of one MAC entity and one set of RLC entities is associated to the serving cell from UE aspect.
· Dual Protocols: dual protocols with each protocol comprising one MAC entity and one set of RLC entities are associated to the source cell/DU and target cell/DU respectively from UE aspect. 
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