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1.	Introduction
In the previous meeting RAN2#125bis, the followings are agreed:
	Agreements on scenarios:
1. RAN2 first focus on inter-CU LTM in NR standalone scenario and use it as baseline for supporting inter-CU LTM in NR-DC scenarios.
2. Rel-19 inter-CU LTM also supports mixture of subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch.
3. UE can be configured with a mixture of intra-CU and inter-CU candidate LTM cells and irrespective of how the UE is configured with this mixture, UE measurement and reporting procedures will be the same for both intra-CU and inter-CU candidate LTM cells.
Agreements on latency analysis:
4. Mobility latency analysis of rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM.
Agreements on early sync phase:
1. Early DL and UL sync is also supported for inter-CU LTM.  Inform RAN3 of this. Early DL sync using CSI-RS should be considered, pending RAN1 approval.
2. PDCCH ordered early RACH is supported for inter-CU LTM.
3. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.
Agreements on LTM cell switch execution phase:
1. Upon inter-CU LTM execution, UE performs
	- MAC reset
	- RLC re-establishment
	- PDCP re-establishment
	- Security key update
FFS if there is an inter-CU LTM w/o security key change. 



For RAN2#126 discussion, the agenda of inter-CU LTM is given as follows:
Any further consideration on scenarios/use cases, signalling flows, spec impacts and solutions in LTM preparation phase (e.g. to what extend the RRC procedure, RRC modeling, reference configuration of R18 can be reused, etc.), early sync phase, and LTM cell switch execution phase, any further consideration on security key handling, and details on subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU or intra-CU LTM switch, etc.  

In this paper, we first discuss the open issues of inter-CU LTM raised based on the discussion at RAN2#125bis. Then, we discuss the agenda of inter-CU LTM for RAN2#126 given above.
2.	Discussion
2.1.	Open issues raised during/after RAN2#125bis
Based on the discussion on inter-CU LTM at the previous meeting RAN2#125bis, we can consider the following open issues for further discussion.
Observation 1. The open issues of inter-CU LTM:
· Issue 1. Stage-2 inter-CU LTM signaling procedure incorporating with network signaling
· Issue 2. Whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs
· Issue 3. Whether to support RAR based option for PDCCH ordered early TA in the case of inter-CU LTM
· Issue 4. FFS if there is an inter-CU LTM w/o security key change, e.g., based on R17-SDT like solution

Other open issues also need to be addressed, such as: whether to support configuring LTM in both MCG and SCG in the case of inter-CU LTM; whether to include the delay/latency due to network signaling into latency analysis; and whether to support UE-based TA measurement in the case of inter-CU LTM. But, these depend on progress of other working groups (e.g. RAN1 and RAN3). Hence, we discuss the open issues described in Observation 1 in this paper.

2.1.1.	Stage-2 inter-CU LTM signaling procedure incorporating with network signaling
Similar to the signaling procedure of intra-CU LTM, a signaling procedure for inter-CU LTM is comprised of LTM preparation phase, early synchronization phase, LTM cell switch execution phase, and LTM cell switch completion phase. A major difference from intra-CU LTM case is that inter-CU signaling (i.e. Xn signaling) is required at each phase. In other words, the network signalings for LTM preparation, LTM cell switch execution, and LTM cell switch completion need to be defined for whole inter-CU LTM procedure, where the network signaling design for inter-CU LTM is upto RAN3 discussion. The signaling flow chart of inter-CU LTM procedure is given in Figure 1, where the parts related to network signaling are boxed and noted as FFS RAN3 discussion.
Proposal 1. RAN2 to consider the signaling procedure for inter-CU LTM given in Figure 1 as the baseline for stage-2 level discussion on inter-CU LTM.
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Figure 1. Signaling procedure for inter-CU LTM

2.1.2.	Whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs
RAN2 discussed whether the LTM candidate IDs need to be unique across all the participating gNB-CUs or if the UE would index the gNB-CU ID to tag the associated LTM candidate ID based on Proposal 5 in R2-2402907 [1] in the previous meeting RAN2#125bis. RAN2 could not reach an agreement for this issue because in order to address the issue various factors should be considered such as maximum number of candidate cells for intra/inter-CU LTM, network signaling procedure for LTM preparation, etc. In our view, it is premature to discuss the maximum number of LTM candidate cells because the maximum number would be determined based on RRC signaling structure or UE capabilities.
Regardless of the maximum number, we think that it depends on network signaling for LTM preparation whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs. Reusing the current Xn signaling (i.e. Handover Request procedure) may not be sufficient to provide unique LTM candidate IDs across all the participating gNB-CUs. In Rel-18 LTM, F1 signaling for the LTM preparation is composed of two round trips. First one is for CU to collect the configurations from DUs and Second one is for finalizing the preparation. Simply for LTM preparation in inter-CU LTM, F1 signaling can be extended to Xn signaling. For example, for the first round trip, the existing Handover Request procedure can be reused, for the second round trip RAN3 can define a new class-1 UE-associated Xn signaling for the second round trip. First of all, network signaling for inter-CU LTM preparation is up to RAN3 discussion. 
Proposal 2. Wait for RAN3 progress to determine whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs.

2.1.3.	Whether to support RAR based option for PDCCH ordered early TA in the case of inter-CU LTM
In terms of PDCCH ordered early TA acquisition, a major difference from intra-CU case is that TA of candidate cell is delivered via Xn interface if the candidate cell belongs to another CU. One way Xn interface delay (i.e. up to 10 ms) for delivering TA of candidate cell may not induce a meaningful mobility interruption/latency because RACH-based TA acquisition is performed before triggering LTM cell switch (i.e. LTM Cell Switch Command MAC CE). Further, given that the minimum value of TAT is 500 ms, it can be assumed that TA values are valid for at least 500 ms after acquisition, where the minimum value of TAT is significantly larger than Xn interface delay. This implies that Xn interface delay is not an issue in terms of TA validity. Hence, we think RAR based option for PDCCH ordered early TA acquisition is not needed.
Proposal 3. Do not consider RAR based option for PDCCH ordered early TA acquisition.

2.1.4.	FFS if there is an inter-CU LTM w/o security key change
In [2], an inter-CU LTM scenario without security key change is proposed, i.e., inter-CU LTM with keeping the RRC/DRB anchor at the source CU. Specifically, the UE switches cells under different gNB-CUs, but the UE’s RRC connection and UE’s DRBs remain connected to the same gNB-CU, referred to as the anchor gNB-CU, which is similar to Rel-17 SDT without UE context relocation. 
When the serving cell of a UE in RRC_CONNECTED changes to a cell belonging to another CU, the connection management point at RAN (e.g. CU) should be switched accordingly. From RRC point of view, it doesn’t make sense to fix the UE context management point at an initial CU who configured inter-CU LTM for the UE. For example, if a UE’s serving cell is changed toward DU of another CU by LTM cell switch and the UE remains in that cell for hours. In this case, RAN2 needs to answer the following questions: 1) how would connection management for the UE be handled by the anchor CU who doesn’t have a control for the UE’s current serving cell?; 2) Can the anchor CU trigger L3 HO later if the UE is served by another CU’s DU? Further, allowing inter-CU LTM with keeping the RRC/DRB anchor at the source CU can result in the lack of F1AP management between the “current serving CU” and the “current serving DU” for the UE for an extended period, which would create more complicated scenarios and aftermaths to be cleaned up.
In Rel-17, SDT without anchor relocation was supported for “small data” communication. We all know that it is temporary set-up as the UE in RRC_INACTIVE would soon be either released back to RRC_INACTIVE/IDLE or set up RRC connection with full context relocation. Such “temporary” setup was reasonable due to the RRC_INACTIVE concept, which suspends RRC while keeping the RAN-CN interface alive, with the last serving gNB acting as the “anchor” for interfacing with CN. However, L3 mobility is different. Such setup may not be temporary in the end, and the network should ensure the UE connection management point at RAN always at the right serving CU. Inter-CU LTM with keeping the RRC/DRB anchor at the source CU deviates from the fundamental L3 mobility principle for minor things (e.g. no key update, no path switch, etc.) that were claimed as benefits.
Some companies may think network path switch can be skipped by allowing inter-CU LTM with keeping the RRC/DRB anchor at the source CU [3]. It was argued that this could reduce mobility interruption caused by path switching signalling between RAN and CN.
However, path switching at every inter-CU LTM cell switch is unlikely to delay subsequent cell switches or create interruptions between them. In fact, path switching across CUs/gNBs/eNBs has never been considered as a primary source of mobility interruption to be tackled down. In LTE, data forwarding has been widely supported for L3 HO, reducing DL interruption over horizontal interface to near zero (and also supporting lossless HO). From Rel-16, data forwarding has been even more aggressive with the concept of “early” data forwarding, which can minimize DL interruption to a negligible level. RAN3 has already agreed to implement “early” data forwarding for Rel-19 inter-CU LTM [4]. Moreover, due to the nature of LTM where cell switch is immediately notified to the target DU upon commanded to the UE, the early data forwarding timing from the current serving CU can be further optimized to be triggered right after cell switch notification and toward the right target cell only. 
Furthermore, there is no real reason to “reduce” CN-RAN signalling load. This is not something to be optimized for this WID. For example in DC, for a single UE, a PDU session could be terminated in MN or in SN, or in both, and switching of PDU session (or QoS flow) from MN to SN or vice versa always results in the corresponding “path update” with CN (involving AMF, SMF, and UPF). Note that so many UEs are already being served through “one gNB-CU”. CN-RAN signalling for path update is something that always occurs. It doesn’t seem to make sense to reduce such routine CN-RAN signalling only for Rel-19 inter-CU LTM.
Proposal 4. The UE should perform security key update for every inter-CU LTM cell switch, i.e., there is no inter-CU LTM without security key update.
2.2.	Further considerations on inter-CU LTM
2.2.1.	Reference configuration for Rel-19 LTM
In Rel-18, a single reference configuration can be configured for intra-CU LTM. The reference configuration for intra-CU LTM is generated by the CU based on the information provided by the DUs associated with LTM candidate cells. Since the complete configuration of a candidate cell is generated by applying the candidate cell configuration on top of the reference configuration, each candidate cell configuration does not need to include the information included in the reference configuration. This implies the generation of reference configuration may require a complex implementation, e.g., multiple handshaking between the CU and the DUs to optimize the reference configuration and candidate cell configurations.
If a single reference configuration is forced to inter-CU LTM, the generation of reference configuration may become more complicated than in the intra-CU case because whole CUs and DUs are involved in generating the reference configuration. Further, it is likely that the commonality of candidate cell configurations between different CUs is very small. Consequently, the gain in signaling efficiency achieved by introducing reference configuration may be reduced.
Observation 2. A single reference configuration for inter-CU LTM would require joint signaling for the entire CU and DU involved in the LTM preparation, which may be too complicated to implement.
Observation 3. The gain in signaling efficiency achieved by using reference configuration may be marginal because the commonality of candidate cell configurations between different CUs may be very small.
To enjoy the benefit in signaling efficiency from using reference configuration while avoiding complicated network signaling, multiple reference configurations can be introduced. Based on Rel-18 LTM design, it seems that there are no serious problems in generating a single reference configuration for candidate cells within a CU. Therefore, it makes sense that multiple reference configurations are provided per CU for preparing inter-CU LTM.
Proposal 5. Multiple reference configurations are provided per CU for inter-CU LTM.

2.2.2.	LTM cell switch execution
Since the network decides to trigger LTM cell switch based on L1 measurement of candidate cells from the UE, it is desirable that source side of network (i.e. source CU or source DU) makes a decision. In other words, it is not necessary for the source to negotiate with the target in order to decide to trigger LTM cell switch from source to target. This is because, like in CHO preparation phase, the source can assume that the target has already permitted LTM cell switch from source to target during the LTM preparation phase.
Proposal 6. For inter-CU LTM, source-side (i.e. source CU or source DU) decides to trigger an LTM cell switch.
Unlike intra-CU LTM case, inter-CU LTM requires data forwarding from the source gNB to the target gNB, where the data forwarding can be performed before, during, or/and after LTM cell switch. In the case that the source DU decides to trigger inter-CU LTM cell switch, it is likely that data forwarding is performed after triggering LTM cell switch because the source DU notifies it to the source CU after triggering LTM cell switch. As a result, the initiation of data forwarding may be delayed, which can result in the UE experiencing data interruption after completing LTM cell switch. On the other hand, in the case that the source CU decides to trigger inter-CU LTM cell switch, the race condition between inter-CU LTM and intra-CU LTM can occur. Based on the above observations, RAN2 needs to discuss which node (i.e. source CU or source DU) decides to trigger inter-CU LTM cell switch.
Proposal 7. RAN2 to discuss which node (i.e. source CU or source DU) decides to trigger an inter-CU LTM cell switch.
We think that Rel-18 LTM design for whether to perform a RA procedure has no issue to reuse for inter-CU LTM. That is, upon receiving LTM Cell Switch Command MAC CE, the UE switches to the target cell and applies the configuration indicated by candidate configuration index. Then, the UE performs the RA procedure towards the target cell, if UE does not have valid TA of the target cell.
Proposal 8. Follow the Rel-18 LTM principle for whether to perform a RA procedure during LTM cell switch.

2.2.3.	LTM cell switch completion
In Rel-18, the following is specified for UE confirmation of successful LTM cell switch completion:
· If the UE has performed a RA procedure during LTM cell switch execution, the UE considers that LTM cell switch execution is successfully completed when the random access procedure is successfully completed.
· For RACH-less LTM, the UE considers that LTM cell switch execution is successfully completed when the UE determines that the network has successfully received its first UL data.
We don’t see the need of new way for the UE to confirm the successful LTM cell switch completion for inter-CU LTM. That is, it follows the Rel-18 LTM principle for UE confirmation of successful LTM cell switch completion.
Proposal 9. Follow the Rel-18 LTM principle for UE confirmation of successful LTM cell switch completion.

2.2.4.	UE-based TA measurement
When UE-based TA measurement is configured, UE acquires the TA value(s) of the candidate cell(s) by measurement. If a candidate cell configuration includes the identifier indicating UE-based TA measurement, the UE compares the identifier of the candidate cell with that of the current serving cell. If the identifier of the candidate cell is equal to the identifier of the serving cell, the UE calculates the TA of the candidate cell based on the TA of the serving cell and relevant downlink reference signals from the serving and candidate cells.
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Figure 2. UE-based TA measurement in Rel-18
In Rel-18, the identifier indicating UE-based TA measurement included in a candidate cell configuration is a single integer. This means that the serving cell and all the candidate cells are grouped orthogonally for UE-based TA measurement. For example, see Figure 2, the candidate cells (i.e. Cell#1, Cell#2, and Cell#3) are configured for the UE. For the serving cell and candidate cell #1, UE-based TA ID is set to 1. For the candidate cells #2 and #3, UE-based TA ID is set to 2. When Cell#0 is the serving cell (i.e. as shown in Figure 2), the UE performs the UE-based TA measurement for candidate cell #1 (i.e. Cell#1). If the serving cell changes to Cell#1 due to UE movement, the UE only performs UE-based TA measurement for Cell#0 according to the configuration, even though UE-based TA measurement for Cell#2 is physically possible by, e.g., proximity of Cell#1 and Cell#2. In this case, for UL synchronization for Cell#2 in Rel-18, there is no choice but to perform RACH-based TA acquisition.
Serving/candidate cells orthogonal grouping for UE-based TA measurement reduces the opportunity for UE-based TA measurement, which may increase the frequency of use of RACH-based TA acquisition. Conequently, network overhead and UE interruption due to RACH-based TA aquisition may increase.
Observation 4. In Rel-18 UE-based TA measurement procedure, opportunities for UE-based TA measurement are limited by orthogonal grouping of serving/candidate cells.
If early UL synchronization rely only on RACH-based TA acquisition, the network/UE overhead due to early UL synchronization may increase in inter-CU LTM case because Xn interface has larger delay than F1 interface. We think RAN2 needs to discuss how to increase opportunities for UE-based TA measurement to relieve the network/UE overhead.
Proposal 10. In Rel-19, RAN2 to discuss how to increase opportunities for UE-based TA measurement.

3.	Conclusion
In this paper, we have made the following observations and proposals:
Observation 1. The open issues of inter-CU LTM:
· Issue 1. Stage-2 inter-CU LTM signaling procedure incorporating with network signaling
· Issue 2. Whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs
· Issue 3. Whether to support RAR based option for PDCCH ordered early TA in the case of inter-CU LTM
· Issue 4. FFS if there is an inter-CU LTM w/o security key change, e.g., based on R17-SDT like solution
Observation 2. A single reference configuration for inter-CU LTM would require joint signaling for the entire CU and DU involved in the LTM preparation, which may be too complicated to implement.
Observation 3. The gain in signaling efficiency achieved by using reference configuration may be marginal because the commonality of candidate cell configurations between different CUs may be very small.
Observation 4. In Rel-18 UE-based TA measurement procedure, opportunities for UE-based TA measurement are limited by orthogonal grouping of serving/candidate cells.

Proposal 1. RAN2 to consider the signaling procedure for inter-CU LTM given in Figure 1 as the baseline for stage-2 level discussion on inter-CU LTM.
Proposal 2. Wait for RAN3 progress to determine whether or not the LTM candidate IDs need to be unique across all the participating gNB-CUs.
Proposal 3. Do not consider RAR based option for PDCCH ordered early TA acquisition.
Proposal 4. The UE should perform security key update for every inter-CU LTM cell switch, i.e., there is no inter-CU LTM without security key update.
Proposal 5. Multiple reference configurations are provided per CU for inter-CU LTM.
Proposal 6. For inter-CU LTM, source-side (i.e. source CU or source DU) decides to trigger an LTM cell switch.
Proposal 7. RAN2 to discuss which node (i.e. source CU or source DU) decides to trigger an inter-CU LTM cell switch.
Proposal 8. Follow the Rel-18 LTM principle for whether to perform a RA procedure during LTM cell switch.
Proposal 9. Follow the Rel-18 LTM principle for UE confirmation of successful LTM cell switch completion.
Proposal 10. In Rel-19, RAN2 to discuss how to increase opportunities for UE-based TA measurement.
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5.	Annex
5.1.	RAN3 agreements
RAN3#123bis agreements for Rel-19 Mobility:
Prioritize to support inter-CU LTM over Xn interface, and RAN3 specify the inter-CU LTM solutions for standalone scenario first.
Reuse existing Xn Handover Request and Handover Request ACK for Inter-CU LTM initial preparation. 
Confirm the case that inter-CU LTM is not configured in both MCG and SCG at the same time.
Early data forwarding can be supported for inter-CU LTM. When to trigger can be further discussed. 
Cell Switch Notification from source DU to target DU (in different gNB from source) for LTM execution.
Discuss on the inter-CU LTM solutions for standalone scenario…
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