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1 Introduction
In RAN plenary # 102, a new work item on NR mobility is approved in [1]. One of the objectives if this Work Item is:
	· 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, we discuss the baseline procedure for inter-CU LTM support and identify the related key issues.
2 Discussion
2.1 Stage-2 Signaling Procedure for LTM
In Rel. 18, comprehensive discussions on signaling procedure for LTM took place and we would like to keep it close as much as possible for inter-CU case as well. This is also emphasized in the note included in the work item description. 





























Figure 1: Signaling procedure for Inter-CU LTM
Proposal 1: Existing signaling procedures are reused for inter-CU LTM as much as possible.  
For inter-CU LTM, we identify the following key issues to be discussed in RAN2 and describe our preferred way forward for each issue in the sections below. 
	Issue # 1: RRC modeling
	Issue # 2: Preparation and signaling aspect for CSI Resource Configuration
	Issue # 3: Enhancement and changes to early synchronization
	Issue # 4: TCI related configuration and signaling. 
	Issue # 5: Admission Control in RACH-Less LTM
	Issue # 6: Security
	Issue # 7: DC -LTM
	Issue # 8: Using L3 measurements
2.2 Issue # 1: RRC Modelling
In Rel. 18, an extensive discussion on RRC modelling took place and the following RRC structure was agreed. 
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Figure 2: RRC structure for Rel. 18 Intra-CU LTM 
For inter-CU LTM, we propose to reuse the RRC structure of the Rel. 18 as much as possible. As noted in the objective description, the intra-CU LTM procedure is the baseline for inter-CU LTM and the modifications to RRC structure should remain minimal.
Observation 1: To keep minimal changes to RRC structure for inter-CU, intra-CU LTM is the baseline.
Proposal 2: Rel. 18 RRC structure for intra-CU LTM is reused as much as possible for inter-CU LTM. 
In Rel. 18, since there is one reference configuration in LTM in Intra-CU, the IE for the reference configuration is shared for the configuration of the different cells. For intra-CU cases, the case for reference plus delta configuration is that there may be many common IEs between configurations (e.g. bearer, security,measurement configurations) of the different candidates under the same CU. Therefore, sending the individual cell configurations as delta configurations reduces the signaling overhead.
Note that the target CUs may not have many common IEs and using a single reference does not bring about the overhead reduction in case of Intra-CU LTM. To enable reference plus delta configuration for the inter-CU LTM, while minimizing the changes to Rel. 18, we propose to use separate reference configurations for the cells under different CUs, where the reference configurations and the corresponding deltas will be grouped separately in the LTM configuration. Another advantage of this approach compared to the single reference configuration is that no inter-CU coordination and dependencies are required with separate reference configurations. The configurations of cells under a CU can be added/modified/released without impacting other configurations, i.e., excessive RRC signaling is avoided. Moreover, with separate reference configurations, the subsequent LTM handovers are facilitated, as there is no need to reconfigure all the delta configurations of the target cells under different CUs.
Observation 2: Since there are less commonalities between the configurations of the different CUs and to reduce the need for inter-CU coordination for preparing the configurations, using a single reference configuration may not be efficient. 
Proposal 3: The reference configurations should be CU specific and the configurations of the cells under that CU are delta based on that reference configuration.
Based on the above proposal, it would be possible to reuse the Rel. 18 RRC structure. The envisioned Rel. 19 RRC structure looks like the following:

[image: ]
Figure 3: RRC structure for Rel. 19 Inter-CU LTM
It is to be noted the LTM ConfigGroup IE as illustrated in Figure 3 is same as Rel. 18 LTM Config IE and we don’t envision many changes related to it. 
Observation 3: The above structure has an advantage of being modular and backward as well as forward compatible. 
Proposal 4: Define Rel. 19 LTM ConfigGroup IE which is majorly same as Rel. 18 LTM Config IE. Exact details and new IEs are FFS.
Proposal 5: Rel. 19 LTM Config consist of list of LTM ConfigGroup IEs where one LTM ConfigGroup IE contains configuration per CU. 
2.3 Issue # 2: Preparation and signaling aspect for CSI Resource Configuration
When subsequent mobility is enabled across candidate cells, the potential target cells to be measured for subsequent mobility is determined by the candidate cells. This principle was followed in Rel-18 subsequent CPAC. For Rel-18 LTM also, the CU prepares all the possible resource sets to be measured by each candidate cells in LTM-CSI-RS-Config and the candidate DU selects the resource-sets for measurement as part of report-configuration.
Observation 4: For subsequent mobility the candidate cells/beams to be measured are decided by the candidate cell OR node controlling the candidate cells.
Furthermore, in the case of inter-CU LTM, the source CU may not be aware of the candidate cells belonging to other CUs, especially in terms of which set of reference signals from different candidate cells should be placed in different resource sets. Therefore, it is expected that each candidate CU (and the source CU) would determine the LTM resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting. Therefore, the LTM resource sets that were prepared by one CU (serving CU) for all its DUs will not be applicable for the DUs belonging to other CUs.
Proposal 6: For inter-CU LTM, each candidate CU (and the serving CU) determines the LTM resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting.
Furthermore, each candidate CU may share the prepared LTM resource sets with the source CU where the source CU may consolidate the resource sets. It may be possible that certain resource sets formed in different candidate CUs may have common entries. RAN2 may further study the mechanisms to decrease the resource configuration signaling overhead, by removing duplicate entries, if any.
Proposal 7:  The prepared LTM resource sets by each candidate CU should be shared with the source CU where the source CU may prepare the final list of consolidated resource sets. 
Proposal 8: RAN2 to study the mechanisms to remove duplicate entries across resource sets prepared by different CUs.
2.4  Issue # 3: Enhancement and changes to early synchronization
In Rel. 18 LTM, UE can perform early downlink and uplink synchronization towards the candidate cells after receiving the RRCReconfiguration message containing the configuration of LTM candidate cells. We believe that this is one important feature of LTM and should be supported also for inter-CU case.
Observation 5: Early downlink and uplink synchronization is an important feature of Rel. 18 LTM.
Proposal 9: Early downlink and uplink synchronization is allowed for inter-CU LTM case. 
However, in Rel. 18 LTM, early TA acquisition (UL synchronization) is only based on CFRA resources. Although it is the baseline for early TA acquisition, yet, we believe, that CFRA resources are limited and not enough to be allocated per UE in dense deployments (e.g. FR2 deployments). That is the reason, in Rel. 18, possibility of CFRA pool sharing was allowed. However, still it has a drawback that it can accommodate a certain number of simultaneous handovers. Therefore, in Rel. 19, CBRA based early TA acquisition should be supported which allows simultaneous use of preambles to do random access and contention resolution is performed to tackle collisions. 
Observation 6: Although CFRA pool sharing in Rel. 18 is allowed, the problem of preamble allocation still could persist in dense deployments.
Proposal 10: CBRA based early TA acquisition is supported in Rel. 19. Details on CBRA procedure are FFS.
Furthermore, in Rel.18, RAR-less TA acquisition is supported and that requires TA value to be sent from candidate target gNB to source gNB which provides the acquired TA value to UE via MAC CE (cell switch command). This requires time and results in increase latency. Furthermore, it might be the case that by the time source gNB receives TA value, it is not valid anymore. This problem is enhanced in case of inter-CU where TA value is sent over Xn interface which can be quite long. 
Observation 7: Sending TA value from target gNB to source gNB via Xn interface may lead to TA expiry. 
Therefore, it is recommended to support RAR based TA provision mechanisms in Rel. 19 where target gNB can directly provide TA values to the UE. 
Proposal 11: RAR based TA provision mechanism is supported in Rel. 19. 
It is to be noted that RAR based TA mechanism and CBRA support comes with the drawback that the UE will have to keep decoding messages from target gNB which results in increased data interruption. However, this problem can be mitigated and RAN2 should study procedures related to it. 
Observation 8: RAR based TA provisioning and CBRA result in increased data interruption. 
Proposal 12: RAN2 to study mechanisms that support the mitigation of data interruption. 
2.5 Issue # 4: TCI State Framework
In Rel. 18 LTM, to enable early downlink synchronization, the activation of candidate TCI state(s) before the cell switch has been supported. Furthermore, the cell switch command can indicate a candidate TCI state from the activated TCI states or can activate (if not in the set of already activated TCI states) and indicate a TCI to be used for transmissions/receptions on the target cell before a new TCI state is indicated by the target cell. 
At the start of Rel. 18 discussions, multiple options were considered in RAN1 for the TCI framework to be supported for such TCI activation and indication procedure for LTM:
· Option A: Beam indication for Rel-18 L1/L2 mobility is designed based on the Rel-17 TCI framework mechanism.
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on the Rel-15 TCI framework mechanism.
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms.

Due to time constraints, only the Rel-17 TCI framework-based TCI activation and indication (option A) could be enabled, and other options were deprioritized and left for FFS.
For inter-CU LTM, it's important to note that it may be common to configure different cells with different TCI state frameworks (Rel-15 or Rel-17). For example, the serving cell and a candidate cell may use a different TCI state framework, especially when they belong to different CUs. One single TCI framework may not be suitable for beam indication, especially if the target cell interprets the indicated TCI state based on its own configured TCI state pools/lists. This consideration should be taken into account when designing the Rel-19 LTM beam indication of candidate cells.
Observation 9: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), for instance, the serving cell and a candidate cell belonging to different CUs may use different TCI state frameworks.
Proposal 13: Beam indication for candidate cells in Rel-19 LTM should be designed to work with any TCI state framework.
2.6 Issue # 5: Admission Control in RACH-Less LTM
In RACH-less admission, UE is obliged to start attempts of sending RRCReconfigurationComplete to the indicated target cell (LTM cell switch MAC CE) immediately. It either uses CG or waits for dynamic granting from target cell side. The target cell starts to decode the UE’s transmission (CG) and/or starts dynamic granting for the UE (DG) once it is indicated by the source cell about cell switch. It can happen that the UE is ready for using target cell but target cell itself is not. 
In Rel-18, LTM cell switch indication is either sent within DU (intra-DU LTM) where vendor-specific messaging can be used, or between two DUs being under control of one CU (inter-DU intra-CU scenario) where F1-C messaging is used. However, in Rel-19, in inter-CU scenarios, LTM cell switch indication needs to be propagated to target cell using F1-C, and Xn-C/NG-C messaging. The successful transmission of RRCReconfigurationComplete to the target cell depends on whether target cell has been informed by source cell about LTM cell switch.
Observation 10: The latency of LTM cell switch indication impacts interruption time. This impact can be low for intra-DU scenarios, it can be higher for inter-DU, intra-CU scenarios, and it can be significantly higher for inter-CU scenarios.
Proposal 14: RAN2 to study mechanisms for minimizing the time needed to make target cell ready for RRCReconfigurationComplete reception.
2.7 Issue # 6: Security
In this section we discuss the technical problem to be resolved by the LTM security enhancements. This work is similar to the Subsequent CPAC work in Rel. 18. The problem exists for both inter-CU MCG and inter-CU SCG LTM procedures. Initially we focus on inter-CU MCG LTM.
The key update during mobility procedure is indicated to the UE using the MasterKeyUpdate IE in the target cell configuration.  As seen below, the MasterKeyUpdate IE is a conditional parameter that is bound to existence of security config in radiobearerconfig. 
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Security config is indicated in case a radio bearer configuration security needs to change. For inter-gNB scenarios as key update is mandatory, security configuration is indicated with radio bearer configuration. Using this the UE refers to masterKeyUpdate parameters to generate necessary keys for the radio bearers.
[image: ]
The paradigm for subsequent LTM is that UE re-uses the same candidate configuration this means that UE needs to re-use the same MasterKeyUpdate parameters. Use of the same NCC value indicates horizontal key generation to the UE. This is problematic for the following reasons: 
1. UE is forced to do a horizontal key update even in cases where no key update is necessary.
2. Vertical key update is not possible for any subsequent LTM cell switch.
Observation 11: Re-use of master key security parameters constraints UE to do only horizontal key update for subsequent LTM cell switch. 
The work item aims to support inter-CU LTM.  Consequently, support of vertical handover that is a core procedure to separate security domains of two CUs (gNBs) is necessary. 
Proposal 15: Support horizontal and vertical key generation for subsequent LTM.
LTM is not aimed as a mobility procedure for all UEs with its user plane and interruption time advantages. It is seen as an enabler for high throughput low interruption solution for specific use-cases. We do not see the necessity of network wide LTM deployment. Thus, changes involving core network is not justified from our view. Similarly, change in core network signaling would require long discussions including SA2. Thus, should be avoided. 
Proposal 16: Security enhancements for LTM should avoid any change to core network signaling. 
Third objective of the work item is for conditional LTM. The conditional LTM is expected to work in a subsequential way like normal LTM. The security solutions should also work for conditional LTM. 
Proposal 17: Security enhancements for LTM should work for conditional and non-conditional LTM.
2.8 Issue # 7: DC-LTM
DC objective is listed as secondary priority under inter-CU LTM work. To complete this work simply we believe the first aim should be to agree on simplifications and re-use of Rel. 18 S-CPAC work. This section aims to give Nokia view on simplifications to enable the completion of this work.
In TS 37.340, different multi-connectivity scenarios and their respective signalling for PScell addition, change, release or retention are described.  These cell changes or reconfigurations can be MN or SN initiated. For example, inter-SN PSCell change can happen in an MN initiated or SN initiated way. This becomes an issue when the preparations are maintained for a longer duration. Such issues were discussed and agreed for subsequent CPAC in Rel. 18. We believe the learnings from Rel. 18 S-CPAC can be used to streamline the DC-LTM work of Rel. 19. First, we list the concepts introduced in Rel. 18 for S-CPAC that can be re-used for inter-SN LTM. 
· Reference configuration coordination: 
The preparation of inter-SN PSCell change is enabled through MN reaching out to multiple SNs. Thus, MN serves as an anchor point. 
Reference configuration is important to minimize radio signalling requirement for the updating of the candidate configurations. Reference configuration has been used for S-CPAC and MN was determined to be the anchor point for the reference configuration generation. To simplify the work for inter-SN LTM, the same can be assumed. 

· Security for subsequent Inter-SN LTM :
For inter-SN PSCell change, UE uses a parameter called SK counter to generate the key for the target SN. This value is increment after each SN change. This is an issue for subsequent PSCell change as required for inter-SN LTM. The same problem is investigated for S-CPAC in Rel. 18 and a solution has been introduced. We think the same solution can work for inter-SN LTM as well.

Proposal 18:  Inter-SN LTM work re-uses S-CPAC work from Rel. 18 for reference configuration coordination and security framework.

Another point of discussion is the scenarios of intra-SN LTM, MN initiated inter-SN LTM and SN initiated inter-SN LTM. Inter-SN LTM work can even further simplify the support of many flavours of inter-SN PSCell change.

· PSCell change scenarios:
PSCell change has many variants as listed below:
-	Intra-SN PSCell change with MN involvement
-	Intra-SN PSCell change without MN involvement (w SRB3 configured)
-	Intra-SN PSCell change without MN involvement (wo SRB3 configured)
-	MN initiated inter-SN PSCell change
-	SN initiated inter-SN PSCell change
S-CPAC supports all these scenarios with some limitation of co-existence of these scenarios under MN and SN format discussion. 
LTM already supports intra-SN PSCell change with and without SRB3 without MN involvement. It is not necessary to support both MN and SN initiated inter-SN PSCell change with LTM, for simplification of the procedure.
Proposal 19: We propose RAN2 to discuss and agree on the PSCell change scenarios to be prioritized.
2.9 Issue # 8: Using L3 measurements for LTM trigger
Rel. 18 LTM has the understanding that L3 measurements is used for preparation of LTM and L1 measurements are used for triggering the LTM cell switch. 
In general, we believe similar understanding can be followed for inter-CU LTM of Rel. 19. 
Proposal 20: For inter-CU LTM, L3 measurements are used for preparation of LTM and L1 measurements are used for triggering LTM Cell switch.
However, it was raised that LTM will not be robust enough if the trigger is done based on L1 measurements report. This raised some discussion on whether LTM trigger can be performed based on L3 measurements only as well. In our view, the purpose can be achieved by providing the L3 measurements report to the source DU via the CU. Therefore, when initiating the L3 handover, the gNB-CU should send to the gNB-DU the following information.
· The list of candidate target cells for L3 handover (i.e., TS 38.331 IE measResultListNR) received as a part of TS 38.331 IE MeasResults from UE via an RRC container sent from gNB-DU to gNB-CU; OR
· A subset from the list of candidate target cells extracted from TS 38.331 IE MeasResults received from UE. For example, the gNB-CU can provide the gNB-DU with information (e.g., NR Cell Identity or physical cell ID and the NR carrier frequency) about the L3-based strongest cell or multiple cells; OR
· The complete L3 measurement results (i.e., i.e., TS 38.331 IE measResultListNR) which are then decodable by the DU.
Proposal 21: When initiating the L3 handover, the gNB-CU sends to the gNB-DU the L3 handover information (i.e., list of cells or complete L3 measurement results).
Furthermore, the gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the L3 handover information received from the gNB-CU. For this purpose, the gNB-DU defines a common set of neighboring cells between L1 measurements and L3 measurements received from the gNB-CU and the gNB-DU triggers a LTM handover to a cell selected from this common set.
Proposal 22: gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the L3 handover information received from the gNB-CU.
3 Conclusions







We have the following observations for the Inter-CU LTM:
Observation 1: To keep minimal changes to RRC structure for inter-CU, intra-CU LTM is the baseline.
Observation 2: Since there are less commonalities between the configurations of the different CUs and to reduce the need for inter-CU coordination for preparing the configurations, using a single reference configuration may not be efficient. 
Observation 3: The above structure has an advantage of being modular and backward as well as forward compatible. 
Observation 4: For subsequent mobility the candidate cells/beams to be measured are decided by the candidate cell OR node controlling the candidate cells.
Observation 5: Early downlink and uplink synchronization is an important feature of Rel. 18 LTM.
Observation 6: Although CFRA pool sharing in Rel. 18 is allowed, the problem of preamble allocation still could persist in dense deployments.
Observation 7: Sending TA value from target gNB to source gNB via Xn interface may lead to TA expiry. 
Observation 8: RAR based TA provisioning and CBRA result in increased data interruption. 
Observation 9: Different cells may be configured with different TCI frameworks (Rel-15 or Rel-17), for instance, the serving cell and a candidate cell belonging to different CUs may use different TCI state frameworks.
Observation 10: The latency of LTM cell switch indication impacts interruption time. This impact can be low for intra-DU scenarios, it can be higher for inter-DU, intra-CU scenarios, and it can be significantly higher for inter-CU scenarios.
Observation 11: Re-use of master key security parameters constraints UE to do only horizontal key update for subsequent LTM cell switch. 

We have the following proposals:
Proposal 1: Existing signaling procedures are reused for inter-CU LTM as much as possible.  
Proposal 2: Rel. 18 RRC structure for intra-CU LTM is reused as much as possible for inter-CU LTM. 
Proposal 3: The reference configurations should be CU specific and the configurations of the cells under that CU are delta based on that reference configuration.
Proposal 4: Define Rel. 19 LTM ConfigGroup IE which is majorly same as Rel. 18 LTM Config IE. Exact details and new IEs are FFS.
Proposal 5: Rel. 19 LTM Config consist of list of LTM ConfigGroup IEs where one LTM ConfigGroup IE contains configuration per CU. 
Proposal 6: For inter-CU LTM, each candidate CU (and the serving CU) determines the LTM resource sets (each resource set containing the SSBs indices from one or more candidate cells) applicable for all its DUs for LTM measurement and reporting.
Proposal 7:  The prepared LTM resource sets by each candidate CU should be share with the source CU where the source CU may prepare the final list of consolidated resource sets.
Proposal 8: RAN2 to study the mechanisms to remove duplicate entries across resource sets prepared by different CUs.
Proposal 9: Early downlink and uplink synchronization is allowed for inter-CU LTM case. 
Proposal 10: CBRA based early TA acquisition is supported in Rel. 19. Details on CBRA procedure are FFS.
Proposal 11: RAR based TA provision mechanism is supported in Rel. 19. 
Proposal 12: RAN2 to study mechanisms that support the mitigation of data interruption. 
Proposal 13: Beam indication for candidate cells in Rel-19 LTM should be designed to work with any TCI state framework.
Proposal 14: RAN2 to study mechanisms for minimizing the time needed to make target cell ready for RRCReconfigurationComplete reception.
Proposal 15: Support horizontal and vertical key generation for subsequent LTM.
Proposal 16: Security enhancements for LTM should avoid any change to core network signaling. 
Proposal 17: Security enhancements for LTM should work for conditional and non-conditional LTM.
Proposal 18:  Inter-SN LTM work re-uses S-CPAC work from Rel. 18 for reference configuration coordination and security framework. 
Proposal 19: We propose RAN2 to discuss and agree on the PSCell change scenarios to be prioritized.
Proposal 20: For inter-CU LTM, L3 measurements are used for preparation of LTM and L1 measurements are used for triggering LTM Cell switch.
Proposal 21: When initiating the L3 handover, the gNB-CU sends to the gNB-DU the L3 handover information (i.e., list of cells or complete L3 measurement results). 
Proposal 22: gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the L3 handover information received from the gNB-CU.
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image5.emf
masterKeyUpdate                         MasterKeyUpdate                                                         OPTIONAL ,  --   Cond MasterKeyChange  


image6.emf
MasterKeyChange  This field is mandatory present in case  masterCellGroup   includes  ReconfigurationWithSync   and  RadioBearerConfig   includes  SecurityConfig   with  SecurityAlgorithmConfig , indicating a change of the  AS  security algorithms associated to the  master key. If  ReconfigurationWithSync   is included for other cases, this field is optionally present, need N.  If  ReconfigurationWithSync   is part of an  LTM - Candidate   IE associated with the MCG, the field is absent.  Otherwise the field  is absent.  
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securityConfig                          SecurityConfig                                           OPTIONAL ,    --   Need M  


image8.emf
MasterKeyUpdate ::=                  SEQUENCE   {        keySetChangeIndicator            BOOLEAN ,        nextHopChainingCount            NextHopChainingCount,        nas - Container                    OCTET   STRING                                                       OPTIONAL ,     --   Cond securityNASC        ...   }  


