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1. Introduction
RAN#102 approved the new work item on NR mobility enhancements Phase 4 [1]. In the WID, the RAN2-led enhancements in Rel-19 include the inter-CU LTM, the event-triggered L1 measurement reporting and the conditional LTM. Regarding the inter-CU LTM, the detailed objectives are stated as follows [1]. 

	· Specify support for inter-CU Layer 2 Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
· Note: The case that LTM is configured in both MCG and SCG is excluded 
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support


In this contribution, the initial considerations of potential issues for inter-CU LTM are provided. 

2. Discussion 
As noted in the WID [1], “Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support”, whereby the representative Rel-18 LTM procedures are depicted in the following figures. 
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Figure 1
 Signalling procedure for LTM (Figure 9.2.3.5.2-1 in [2])
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Figure 2
 Inter-gNB-DU LTM (Figure 8.2.1.5-1 in [3])

Although the enhancements to network interface (i.e., F1-AP and Xn-AP) are in RAN3 scope, RAN2 should notice the network interfaces have considerable latency especially for non-ideal backhaul as referred in the following table. 
Table 1
 Categorization of non-ideal backhaul (Table 6.1-1 in [4])

	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


Since the LTM signalling procedure involves F1-AP signalling and Xn-AP signalling, the latency over backhaul link becomes tens of milli-seconds, according to the table above. So, in case of inter-CU LTM, it would be more difficult to align the UL transmission timing at the UE (i.e., PRACH for CFRA and RRC Reconfiguration Complete after Cell Switch Command) and the UL reception preparation timing at the target cell (since the target cell does not know or is delayed to know when the source cell sent PDCCH order and Cell Switch Command.) 
If the UL transmission is sent prior to the UL reception preparation, the UL transmission will fail to be received, so it means not only the UE needs to perform re-transmissions but also it causes unnecessary UL interference. If the UL transmission is sent much later than the UL reception preparation, UL resources will be wasted for a long time (i.e., until the gNB receives the UL transmission.) So, RAN2 should discuss how to minimize the UE power consumption and the UL resource waste. 
Proposal 1 RAN2 should discuss how to minimize the UE power consumption and the UL resource waste, due to the timing mis-alignment between the source cell and the target cell, at Early TA and/or LTM cell switch execution caused by backhaul latency. 
The WID states to “Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM” [1]. 
According to the current L3 handover or the current Conditional Handover procedure [2], the UE context is shared with the target gNB only once at the Xn Handover Request message, since these didn’t support the subsequent (conditional) handover execution. The UE context is normally not updated during the handover procedure, which makes sure the target gNB has the latest UE context. For Conditional Handover, the subsequent CHO is not supported, i.e., the UE remove all the conditional reconfiguration upon CHO is executed [5], so there is no issue to reuse the same procedure for UE context management, i.e., the UE context is shared via the Xn Handover Request only once. 
Observation 1 In the legacy L3 handover mechanisms, the UE context is shared with the target cell once via Xn Handover Request message. 
With subsequent LTM in Rel-18 for intra-CU, the source cell and the target cell belong to the same CU, so the gNB always knows the up-to-date UE context, regardless of whether an LTM execution is performed and regardless of whether LTM config is updated (e.g., a new LTM candidate is added). 

Observation 2 In Rel-18 intra-CU LTM, the UE context is always managed by the same CU which both the source cell and the target cell belong to. 
In case of subsequent LTM for inter-CU, it’s a different story. Even after an LTM candidate is configured to the UE, the LTM config. may add/remove the other candidate cells without known by the already configured candidate gNBs. So, once the UE is reconfigured with the addition of a new LTM candidate (as well as modified or removed), the UE context already shared with candidate gNBs becomes invalid (i.e., unsynchronized with the UE’s current configuration.) Then, after the LTM is executed, i.e., the UE moves to the new source cell (i.e., which is equal to the former target cell), the new source cell does not know such a change in the UE’s LTM Config. So, the source cell cannot decide whether to configure the UE with LTM config. first or to send Cell Switch Command MAC CE to the UE for the subsequent LTM execution towards an LTM candidate. Therefore, it’s necessary for the UE context (i.e., LTM Config.) to be always synchronized among the serving gNB and LTM candidate gNBs. Some additional signalling over Xn-AP, RAN2 may be needed to inform RAN3 of this issue. 
Proposal 2 RAN2 should agree that in inter-CU subsequent-LTM, the source gNB always needs to share the up-to-date UE context with all the LTM candidate gNBs, whenever LTM Config is updated (i.e., add/modify/remove an LTM candidate.) 
Observation 3 RAN2 may send an LS to RAN3 that for inter-CU subsequent LTM, the UE context (i.e., LTM Config.) needs to be always synchronized between the source gNB and the neighbour gNBs providing the LTM candidate cells. 
Another issue to consider is how to handle the security key, as noted in the WID [1]. It was not a critical issue in Rel-17 since the intra-CU LTM was only supported, but it’s not true in Rel-18 to support the inter-CU LTM. RAN2 may need to consult with SA3 about this issue. 
Observation 4 RAN2 may need to consult with SA3 on how to handle the security key in case of inter-CU subsequent LTM. 
After successful LTM execution, the configuration of source cell is discarded by the UE. However, it would be considered that the source cell is still a promising LTM candidate since the source cell was the UE’s serving cell in last seconds. With the subsequent LTM, the UE keeps the configurations for all of the other LTM candidate cells, except for the source cell’s configuration. It might be considered as a ping-ponging issue since the UE’s handed over back to the source cell immediately, but it’s not always true since the UE’s moving direction is unpredictable, i.e., the UE may go back to the source cell even under the optimized handover parameters at the network. In this case, the target cell configures the source cell as the additional LTM candidate immediately after the LTM is successfully completed, which is inefficient. 
Observation 5 After LTM execution is successfully completed with the target cell, the source cell is still a promising subsequent LTM candidate, while the configuration of source cell is already discarded by the UE. 
Therefore, to maximize the benefit of subsequent LTM, the source cell’s configuration should be kept after the successful completion of LTM execution. RAN2 should discuss whether/how to keep the source cell’s configuration after the LTM execution. 
Proposal 3 RAN2 should discuss whether/how the UE keeps the source cell’s configuration after LTM execution. 
3. Conclusion 
In this contribution, the potential issues on the inter-CU LTM are discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should discuss how to minimize the UE power consumption and the UL resource waste, due to the timing mis-alignment between the source cell and the target cell, at Early TA and/or LTM cell switch execution caused by backhaul latency.
Observation 1
In the legacy L3 handover mechanisms, the UE context is shared with the target cell once via Xn Handover Request message.
Observation 2
In Rel-18 intra-CU LTM, the UE context is always managed by the same CU which both the source cell and the target cell belong to.
Proposal 2
RAN2 should agree that in inter-CU subsequent-LTM, the source gNB always needs to share the up-to-date UE context with all the LTM candidate gNBs, whenever LTM Config is updated (i.e., add/modify/remove an LTM candidate.)
Observation 3
RAN2 may send an LS to RAN3 that for inter-CU subsequent LTM, the UE context (i.e., LTM Config.) needs to be always synchronized between the source gNB and the neighbour gNBs providing the LTM candidate cells.
Observation 4
RAN2 may need to consult with SA3 on how to handle the security key in case of inter-CU subsequent LTM.
Observation 5
After LTM execution is successfully completed with the target cell, the source cell is still a promising subsequent LTM candidate, while the configuration of source cell is already discarded by the UE.
Proposal 3
RAN2 should discuss whether/how the UE keeps the source cell’s configuration after LTM execution.
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