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Rel-19 FeMob has the below objective for inter-CU LTM [1], and this paper focuses on the important aspects to discuss and agree on, for the operation of inter-CU LTM.
	· Specify support for inter-CU L1/L2 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



 

Discussion
Building upon Rel-18 intra-CU LTM
Following the WID objective direction, we start with using Rel-18 intra-CU LTM as the baseline for adding inter-CU LTM feature. From this perspective, we first look at what can be re-used.
1.1.1  Latency Analysis impact
Fig 1 below shows the Rel-18 intra-CU LTM latency analysis. From the UE perspective, whether the target cell belongs to the serving gNB-CU or the neighbour gNB-CU, should not affect the UE procedures of handling the DL reference signals or the associated UE actions in UL (for eg., DL sync or UL sync or the UL transmission of data or the DL reception of data). In other words, the backend deployment should not impact the UE procedures. 

	

Figure X.1-1: Components of Mobility Latency



Figure X.1-2: Mobility Latency for RACH-based LTM




Figure X.1-3: Mobility Latency for RACH-less LTM



Fig 1: Rel-18 Intra-CU Latency Analysis

We understand that the change in gNB-CU entails change in security context, and so the TLTM-Processing is likely to have some change in description (for handling of security change, PDCP recovery etc), but otherwise the rest of the procedure should not be any different, and so Rel-19 inter-CU LTM can reuse the same sequence and analysis.

Proposal 1: Mobility latency analysis of rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM. 

1.1.2  L2 handling
Rel-18 LTM does not need any changes to PDCP as it is intra-CU. While intra and inter-DU variants are considered in Rel-18, a change in CU that Rel-19 brings inherently requires a change of RLC and reset of PDCP with new security context. So Rel-19 does not need to consider the case of whether RLC needs to be reset or not (RLC is always reset). However, the reset of RLC and recovery of PDCP with new security context is something legacy L3 handover already covers. In this sense, inter-CU LTM switch is more similar in UE procedures to legacy L3 handover than rel-18 intra-CU LTM switch. How this is captured in the specification needs to be discussed, but for the early discussions, it is better to first agree the basic inter-CU LTM operation.
 
Proposal 2: If the UE performs inter-CU LTM switch, MAC and RLC are reset without additional explicit signaling indication by the NW and PDCP is re-established with the new security context. 

1.1.3  Mixture of intra and inter-CU LTM
Rel-19 inter-CU LTM follows Rel-18 LTM where there is no RRC message that triggers the switch, instead the RRC configuration is provided upfront for all the candidate cells.

Also, rel-18 LTM already includes subsequent LTM. We see no reason to not allow this for Rel-19 inter-CU LTM. So we want to first get this confirmed.

Proposal 3: Rel-19 inter-CU LTM also supports subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU LTM switch.

In our view, UE mobility would mean that UE can move across gNB-CUs or within a gNB-CUs (which controls multiple cells). So it would be unusual to have the UE be configured with only intra-CU or inter-CU LTM. And it is expected that the UE can have both at the same time. Also, it is entirely practical to consider that a particular gNB-CU can have multiple candidate cells that are controlled by this gNB-CU, and also another set of candidate cells which belong to different gNB-CUs. And we also expect that the UE views all of these candidate cells as “potential” neighbor cells for mobility instead of viewing them as two separate sets – one set of intra-CU mobility and another for inter-CU. In other words, while the configuration to the UE might have difference, the UE mobility actions (measurements etc.) should not be different for intra-CU and inter-CU cells.

Proposal 4: UE is expected to 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. 

 Dissecting inter-CU LTM
In this section we will dissect the inter-CU LTM procedure to assess and propose what needs to be added/changed from Rel-18 intra-CU LTM to get this working.

1.1.4  LTM preparation phase
We anticipate that there would be several changes needed in RAN3 to accommodate for the inter-gNB-CU communication either with extending the HANDOVER_REQUEST/REQ_ACK or a new signal over the X2 interface. We also expect that atleast an additional handshake would be needed after the initial HANDOVER REQ/ACK signalling as the source gNB-CU would need to update the candidate gNB-CUs after the source gNB-CU consolidates.

One of the important points for RAN2 to discuss would be whether the UE would be provided a unique LTM candidate ID across all the participating gNB-CUs or if the UE would index the gNB-CU ID to tag the associated LTM candidate ID. Either choice has implications at RAN2. If the ID is not unique (further indexed by gNB-CU ID), then the LTM cell switch MAC CE needs to be update to include the CU ID as well. 

	





Observation 1: Atleast two iterations of communication between the source gNB-CU and the candidate gNB-CUs would be needed for the LTM preparation phase, where the additional interaction after the source gNB-CU gets the information from the candidate gNB-CUs, is to provide the update, after the source gNB-CU consolidates. RAN3 would design this interface. 

Observation 2: It is in RAN2 domain to decide 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. If the ID is not unique, the LTM cell switch MAC CE needs to provide the gNB-CU ID as well.  RAN3 would need guidance on whether the LTM candidate ID assignment is done by source gNB-CU or the candidate gNB-CUs would assign their candidates respectively. 

Proposal 5: RAN2 to discuss and decide on 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. Inform RAN3 of the decision.


1.1.5  Early sync phase
We do not see any new changes to be introduced for inter-CU LTM as compared to what the UE does with intra-CU LTM.

Observation 3: Early sync phase (in both DL and UL), the existing framework from Rel-18 intra-CU should work for inter-CU LTM as well. Needs additional information exchange across gNB-CUs, but RAN3 is expected to cover this, assuming that RAN2 informs RAN3 of such requirement.

Observation 4: Since R19 WID also include LTM based on CSI-RS, we assume that CSI-RS can also be used for DL sync. But the details and the possibility should be confirmed by RAN1.

Proposal 6: 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.

For TA management, the existing procedure of the UE being provided the TA to use in the MAC CE, should be the baseline. For conditional LTM (which for now is considered for intra-CU with higher priority), this needs to be re-visited, but for progressing inter-CU, we should allow the MAC CE based TA delivery at cell switch time.

Proposal 7: TA delivery using the LTM cell switch MAC CE should be the baseline for inter-CU LTM. Other options FFS (when conditional LTM is discussed for inter-CU LTM) 


1.1.6  LTM execution phase

While we continue with the same vein on reusing most of Rel18 intra-CU LTM for the execution phase as well, the critical aspects for this phase are on the security context change handling.

But before we step into that, we should conclude on RACH-less handover.

Observation 5: RACH-less handover (which has benefits and is included as part of Rel-18 intra-CU LTM) should also be supported for inter-CU LTM. It would be better to inform RAN3 of this requirement so that the needed UL resource information exchange between source and candidate gNB-CUs is designed in RAN3.

Proposal 8: RACH-less inter-CU LTM is supported. Inform RAN3 of this.

1.1.6.1 Handling security contexts

There are atleast three directions to addressing the security context change part.
1. Use LTM cell switch MAC CE to carry the same “security context change” information that L3 RRC HO message carries. This includes the information on whether the UE should use horizontal derivation or vertical derivation (using the NCC). Requires changes to LTM cell switch MAC CE.
a. One could consider indexing (as we did in Rel-18 LTM) instead of sending the actual NCC, if there is a security concern. To be checked with SA3.
2. Use the S-CPAC style, where the UE is pre-provisioned with a list of security key information, that the UE would apply. This needs such information to be provided to all participating candidate gNBs. In S-CPAC case, the MN mediated such actions. Since having a gNB-CU hold the keys for all the other candidate gNB-CUs, is a big departure from the existing SA3 security requirements ( for eg., the source gNB-CU can only derive the security context – using horizontal derivation for the next hop and no further), SA3 needs to be involved.
3. The third approach is similar to the 2nd one, but we bring in AMF where after every LTM switch, the new source (ex-target gNB) gets the NCC information from AMF and provide this to all candidate LTM cells. The MCC information is pre-provisioned in the UE. While this increase more inter-node exchange, this also removes the security concern of the source gNB knowing the keys for next to next hops.

Since LTM MAC CE based approach does not need extensive inter-node exchange, we see that this is likely to be used as the baseline approach.

Proposal 9: LTM Cell switch MAC CE carrying the security context information is the baseline for inter-CU LTM. To check with SA3 if sending NCC in MAC CE is acceptable, or if it needs to be indexed with the look-up table pre-provisioned in RRC configuration.

Since conditional LTM does not need LTM MAC CE for cell switching (UE triggers this by itself), for inter-CU conditional LTM, one needs to think about solutions which do not depend on MAC CE. While conditional LTM is not be discussed until the last quarter of this year, due to the dependency on SA3, it is prudential for RAN2 to discuss a security solution that does not depend on MAC CE delivery, and engage early with SA3 on this direction.

Observation 6: Conditional LTM does not need LTM MAC CE for cell switching. Due to the dependency on SA3, it is prudential for RAN2 to discuss a security solution that does not depend on MAC CE delivery and engage early with SA3 on this direction.

Proposal 10: RAN2 to also discuss a security solution that does not depend on MAC CE delivery with the intention to identify the questions/concerns that need to be checked with SA3.

1.1.7  LTM completion phase
In the completion phase, the key aspect to discuss is when the UE would know that the LTM switch procedure is completed. As per Rel-18 intra-CU LTM, UE anyway needs to send the RRCReconfigComplete message, and for inter-CU, the only new change is that this completion message would be protected with new security context. 

Therefore we see no need to bring in new changes to the completion phase, as again the backend deployment difference should not result in new UE behaviour.

Proposal 11: Inter-CU LTM completion is the same as Rel-18 intra-CU LTM. Same T304 is used. And for RACH-less, the Rel-18 intra-CU LTM completion requirements apply.

Inter-CU DC topics
Current Inter-CU LTM WID objective has the scenarios for DC cases.

	· Specify support for inter-CU L1/L2 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




First aspect to consider is whether we need to re-prioritize between the LTM in SN and LTM in MN for the DC cases. For the LTM in SN case (where MN is not changed), the S-CPAC principle can be followed, as this is very similar to inter-SN change. For the LTM in MN case, a change in MN would anyway need a change in SN (atleast related to security) and so it is not entirely correct to say SN is unchanged. And it would be an extension of the inter-CU non-DC LTM. So we think both DC cases can be considered once the inter-CU non-DC LTM had progressed.

Observation 7: LTM in SN can largely re-use the S-CPAC logic, as this can be considered inter-SN change (SN initated). And LTM in MN with DC is very similar to inter-CU LTM without DC. One point of note is that SN change is needed (atleast security context related change). Both DC cases can be considered once inter-CU LTM has progressed.

Proposal 12: Consider both DC cases (LTM in SN with no MN change and LTM in MN with SN release/no change) with equal priority, but after inter-CU LTM without DC had progressed.

However, it is beneficial for RAN2 to discuss any exceptions/requirements for LTM in DC to work, with the consideration that these would have impact on RAN3 and potentially with SA3 as well.

One such case (for LTM in MN with DC) is when the UE is configured with DC and LTM is in MN and not all candidate LTM cells configured by the source have SN in them. This can result in situations where the UE would have to release DC configuration during a LTM cell switch, only to be switched to a candidate LTM cell which has DC configuration. This can result in ambiguities or atleast additional work in RAN2 on UE procedures on how to handle such cases.  We would like to inform RAN2 that such cases are not really practical, and so RAN2 should ease the workload on all WGs by discussing the validity of this and clarifying. Therefore we propose the below:

	[image: ]



Proposal 13: When LTM is in MN with DC configuration, all the candidate inter-CU LTM cells are expected to be configured with DC. In case there are candidates without DC, NW ensures that the UE does not switch to an LTM candidate cell with DC if the UE has released DC prior to the LTM switch. Inform RAN3 of this.


Conclusion

Observation 1: Atleast two iterations of communication between the source gNB-CU and the candidate gNB-CUs would be needed for the LTM preparation phase, where the additional interaction after the source gNB-CU gets the information from the candidate gNB-CUs, is to provide the update, after the source gNB-CU consolidates. RAN3 would design this interface. 

Observation 2: It is in RAN2 domain to decide 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. If the ID is not unique, the LTM cell switch MAC CE needs to provide the gNB-CU ID as well.  RAN3 would need guidance on whether the LTM candidate ID assignment is done by source gNB-CU or the candidate gNB-CUs would assign their candidates respectively. 

Observation 3: Early sync phase (in both DL and UL), the existing framework from Rel-18 intra-CU should work for inter-CU LTM as well. Needs additional information exchange across gNB-CUs, but RAN3 is expected to cover this, assuming that RAN2 informs RAN3 of such requirement.

Observation 4: Since R19 WID also include LTM based on CSI-RS, we assume that CSI-RS can also be used for DL sync. But the details and the possibility should be confirmed by RAN1.

Observation 5: RACH-less handover (which has benefits and is included as part of Rel-18 intra-CU LTM) should also be supported for inter-CU LTM. It would be better to inform RAN3 of this requirement so that the needed UL resource information exchange between source and candidate gNB-CUs is designed in RAN3.

Observation 6: Conditional LTM does not need LTM MAC CE for cell switching. Due to the dependency on SA3, it is prudential for RAN2 to discuss a security solution that does not depend on MAC CE delivery and engage early with SA3 on this direction.

Observation 7: LTM in SN can largely re-use the S-CPAC logic, as this can be considered inter-SN change (SN initated). And LTM in MN with DC is very similar to inter-CU LTM without DC. One point of note is that SN change is needed (atleast security context related change). Both DC cases can be considered once inter-CU LTM has progressed.




Proposal 1: Mobility latency analysis of rel-18 intra-CU LTM is reused for Rel-19 inter-CU LTM. 

Proposal 2: If the UE performs inter-CU LTM switch, MAC and RLC are reset without additional explicit signaling indication by the NW and PDCP is re-established with the new security context. 

Proposal 3: Rel-19 inter-CU LTM also supports subsequent inter-CU LTM and subsequent intra-CU LTM after an inter-CU LTM switch.

Proposal 4: UE is expected to 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. 

Proposal 5: RAN2 to discuss and decide on 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. Inform RAN3 of the decision.

Proposal 6: 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.

Proposal 7: TA delivery using the LTM cell switch MAC CE should be the baseline for inter-CU LTM. Other options FFS (when conditional LTM is discussed for inter-CU LTM) 

Proposal 8: RACH-less inter-CU LTM is supported. Inform RAN3 of this.

Proposal 9: LTM Cell switch MAC CE carrying the security context information is the baseline for inter-CU LTM. To check with SA3 if sending NCC in MAC CE is acceptable, or if it needs to be indexed with the look-up table pre-provisioned in RRC configuration.

Proposal 10: RAN2 to also discuss a security solution that does not depend on MAC CE delivery with the intention to identify the questions/concerns that need to be checked with SA3.

Proposal 11: Inter-CU LTM completion is the same as Rel-18 intra-CU LTM. Same T304 is used. And for RACH-less, the Rel-18 intra-CU LTM completion requirements apply.

Proposal 12: Consider both DC cases (LTM in SN with no MN change and LTM in MN with SN release/no change) with equal priority, but after inter-CU LTM without DC had progressed.

Proposal 13: When LTM is in MN with DC configuration, all the candidate inter-CU LTM cells are expected to be configured with DC. In case there are candidates without DC, NW ensures that the UE does not switch to an LTM candidate cell with DC if the UE has released DC prior to the LTM switch. Inform RAN3 of this.
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