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1 Introduction
In RAN#101 meeting, contributions were submitted to discuss the Mobility enhancements in Rel-19. Based on the contributions and offline discussions during the meeting, one summary is provided to capture the views and proposals for the WI [1]. Based on the contributions and discussion in the last meeting, a guidance [2] from RAN chairman was provided to smooth further discussion. The content related to Mobility enhancement is copied below. 
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In this contribution, we provide our views on the Rel-19 mobility enhancement. 
2 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
During the initial version of 5G, the basic mobility mechanism is introduced to support basic L3 handover. In Rel-16, conditional handover (CHO) is introduced to improve the robustness without reducing HO interruption. To reduce HO interruption, dual active protocol stacks (DAPS) HO is another mobility enhancement but requires higher UE capabilities and applied in limited scenario (i.e., only PCell, not FR2 to FR2). In Rel-17, inter-cell beam management (ICBM) is studied and can only be applied intra-DU scenario. Based on the ICBM mechanism, UE utilizes the beam from the neighbour cell without performing serving cell change. For Rel-18, LTM is specified as the NW-controlled HO mechanism based on L1 measurement and triggered by MAC CE for lower HO interruption time. But Rel-18 LTM is only applicable to intra-CU scenario and needs network’s trigger, besides, the issues about robustness need to be further considered. In the following sections, we will discuss enhancements for LTM including： 
· Inter- CU LTM
· Measurement related enhancements for LTM
· Conditional mobility
2.1 Inter-CU LTM
In RAN#101 meeting, companies reached the common understanding that inter-CU LTM should be supported in Rel-19. The inter-CU LTM is extremely important to support high throughput services like XR/cloud game in the outdoor. Thus, a HO solution for inter-CU LTM with low latency, high throughput and short interruption time will be built in Rel-19.

Like we did in intra-CU LTM , the scenario for inter-CU LTM needs to be finalized before go deep into the discussion for feature enhancement. When looking back the discussion in Rel-18, the objective of L1/L2 based inter-cell mobility are applicable to the scenarios, which includes standalone, CA and NR-DC case with serving cell change within one CG with prioritizing MCG. Also, the conclusions from RAN2 and RAN3 shown as follows reflect this objective.

	[bookmark: _Hlk152186734]Conclusion from RAN2:
R2 will initially focus on PCell mobility
L1L2 based mobility supports the following CA scenarios:
    PCell change without SCell change
	PCell change with SCell change
Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 


	Conclusion from RAN3:
RAN3 will study the signaling impacts on below use cases following to RAN2 prioritization:
-	Stand alone
-	Carrier Aggregation (Change of PCell)
-	NR-DC (Change of PCell at MN, Change of PScell at SN) 
 



[bookmark: _Hlk152199745]RAN2 and RAN3 share the same understanding to investigate the standalone case, CA case and NR-DC case in the start of Rel-18. However, as the discussion on intra-CU LTM progressed, the NR-DC case in LTM mobility was not fully discussed due to the limited time. Finally, for the NR-DC deployment, intra-CU LTM can only support the case of PCell change by LTM without SCG and the case of SCG LTM without MN involvement in Rel-18.

[bookmark: _Hlk152453968]Actually, in real deployment, the NR-DC case is not widely deployed for FR2. If CU acting SN in NR-DC case is supported, the PSCell change with MN involvement should be considered and the complex signalling exchange related to MN or SN initiated SN change procedure will be discussed in SCG LTM. Hence, for inter-CU LTM, we propose to prioritize the standalone case first. If time allows, companies can continue the NR-DC case in inter-CU LTM. 

Observation 1: As the discussion on intra-CU LTM progressed, the NR-DC case in LTM mobility was not fully discussed in Rel-18 due to the limited time.

Observation 2: If CU acting SN in NR-DC case is supported, the PSCell change with MN involvement should be considered and the complex signalling exchange related to MN or SN initiated SN change procedure will be discussed in SCG LTM.

Proposal 1: For inter-CU LTM, the standalone case is prioritized.

As a complete intra-CU LTM procedure is already designed in Rel-18, the whole procedure of inter-CU LTM can reuse intra-CU LTM mechanism as much as possible. At the LTM preparation phase, source CU will request the configurations of candidate cells and early sync information from candidate CUs. Afterwards, candidate CUs acquire the candidate cells configuration from their associated DUs, and forward the configuration to the source CU. Then source CU configures the corresponding candidate cells configuration to UE through RRC signalling. During the LTM execution phase, UE will take measurement and report the L1 measurements based on the configuration. Once the condition is satisfied, it will immediately perform the LTM cell switch triggered by source gNB. From the procedure, it is found that the mechanism of exchanging configuration of candidate cells and early synchronization information in inter-CU LTM are similar with we designed for intra-CU LTM.

Observation 3: The mechanism of exchanging configuration of candidate cells and early synchronization information in inter-CU LTM are similar with we designed for intra-CU LTM.

[bookmark: _Hlk152454838]Proposal 2: As a complete intra-CU LTM procedure is already designed in Rel-18, the whole procedure of inter-CU LTM can reuse intra-CU LTM mechanism as much as possible.

2.2 Measurement related enhancements for LTM
2.2.1 Event triggered L1 measurement reporting
In Rel-18 only gNB configured L1 reporting is supported. Periodic, semi-persistent and aperiodic reporting are supported. In legacy, UE event triggered reporting or operation was supported for the Layer 3 handover. When some conditions or event is fulfilled, UE can trigger reporting to inform gNB that the channel condition has been changed or UE has to operate the handover procedure to keep the connection.  The UE is always the first entity which can be aware of the variation of channel conditions or the variation of the link qualities between UE and gNBs. From this point, UE should have the opportunity to trigger the reporting for the link quality or cell switching, when some condition is fulfilled. 

Observation 4: The UE is always the first entity which is aware of the variation of channel conditions or the variation of the link qualities between UE and serving cell or candidate cells.

On the other hand, it is a trade-off between the efficient and timely reporting and overheads. If gNB want to get the knowledge of link quality timely, more frequent reporting would be configured, which induce more overheads and power consumption of UEs. On the other side, if the periodicity of the reporting is large, gNB may not acquire the change of link quality timely. And UE may miss the opportunity for cell switching and even lose the connection. In this case, the UE or event triggered reporting or cell switching should be considered. The UE or event triggered reporting and even cell switching can be a supplementary mechanism when the periodic reporting is configured with a long period for UE power saving. 

Observation 5: The UE triggered or event triggered reporting and even event triggered cell switching can be a supplementary mechanism when the periodic reporting is configured with a long period for UE power saving.

Unfortunately, in Rel-18, due to the limited TU, UE/event triggered reporting for L1 measurements is not supported [3 . From our understanding, it can be further considered in Rel-19 mobility enhancements. 

	[bookmark: _Hlk152186668]Conclusion
No consensus to introduce UE/event triggered report for L1 measurement results for LTM in Rel-18.



Proposal 3: The UE triggered or event triggered reporting and even UE triggered cell switching can be supported in Rel-19 mobility enhancements.

2.2.2 CSI-RS related enhancements
In Rel-18, only SSB based inter-cell beam management including L1 measurement and reporting is supported. The CSI-RS based beam management and L1 measurements are not supported [4]. 

	Rel-18 WID

· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Note 2: Only SSB-based L1 measurement is supported in this release.




During RAN1 discussion, the TRS can be used for the candidate cell before and during the cell switching according to UE capabilities. But the CSI acquisition before the reception of cell switching command is not supported. 

	
Conclusion (RAN1#113)
There is no consensus to support the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
· CSI acquisition for candidate before reception of cell switch command
Note: At least for the candidate cells which are current serving cells, the CSI acquisition prior to cell switch command will be supported.

Agreement (RAN1#114)
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability




One of the objectives of Rel-18 LTM is to reduce the mobility latency and interruption time. When Rel-18 is finished, UE can only transmit data after cell switching and at least after UE has implemented the RRC configuration of the target cell. The implementation of the RRC configuration of target cell would consume at least 20ms for UE. Then if the UE support the capability of tracking TRS before cell switch, it may have acquired the fine synchronization after the cell switching. For those UEs without the capability to track the TRS before the cell switch, the UE has to do the fine tracking based on the TRS configuration from the RRC implementation. And it would take at least a few measurement periods to acquire the fine synchronization based on TRS. With the fine synchronization, the UE also has to take a few measurements for CSI acquisition and report it to the gNB. The measurements and reporting would induce additional delay after RRC configuration implementation. 

Observation 6: Based on Rel-18 LTM, UE can only transmit or receive the data after the implementation of RRC configuration of the target cell and CSI measurement and reporting, which will increase the mobility delay and the interruption time. 

Though CSI can be acquired by both CSI-RS and SSBs, but the CSI acquisition before cell switching is not supported in Rel-18. The CSI acquisition based on CSI-RS and SSB before cell switching should be supported in Rel-19 to reduce the interruption time and shorten the latency of mobility. 

Proposal 4: The CSI acquisition based on CSI-RS and SSB before cell switching should be supported in Rel-19 to reduce the interruption time and shorten the latency of mobility.

2.3 Conditional mobility
As mentioned above, Rel-18 LTM is to reduce the handover latency and is triggered by the network via MAC CE. Besides, there’s no consideration of robustness insurance. However, when the UE moves across cells, it can experience very fast signal degradation, especially for FR2. 

CHO is defined as a handover that is executed by the UE without network command for handover, when one or more handover execution conditions are met. CHO can improve the robustness for cell switch, since the failure of RRC siganlling reception for HO can be avoided. Therefore, the logic of CHO and LTM can be combined for a robust and low latency conditional mobility. 
To achieve this, both two directions as proposed in [1] are feasible:
· Conditional triggering of LTM
· Early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO

Proposal 5: Conditional mobility can be supported in Rel-19 via the following approach：
· Conditional triggering of LTM
· [bookmark: _Hlk152179296]Early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO

However, there’s still some issues need further clarification.
For conditional triggering of LTM, the understanding is that the network may configure several LTM candidates with execution conditions to the UE, and the UE would evaluate the execution conditions (based on layer 1 measurement results) and perform LTM once one of the execution conditions satisfied without network command. But it should be noticed that, in Rel-18 LTM, LTM is triggered by the network, and the UE need to acquire TA of the target cell as indicated by the network. To acquire TA, two kinds of approach are defined in Rel-18 LTM: early TA acquisition and UE-based TA measurement. If early TA acquisition is used for conditional triggering of LTM, the interaction between the UE and the network cannot avoided, it seems not align with the logic of conditional mobility as CHO. If UE-based TA measurement is used, the interaction with the network can be avoided before mobility happens.

Observation 7: If early TA acquisition approach is used in conditional triggering of LTM, there’s interaction between UE and the network, which does not align with the logic of CHO.

Similar discussion can be applied to the introduction of early TA or RACH-less to layer 3 CHO. If early TA acquisition is used, the interaction between UE and the network cannot avoided, which introduce UE behaviour changes to the current CHO.

Observation 8: If early TA is used for CHO, the interaction between UE and the network cannot avoided, which introduce UE behaviour changes to the current CHO.

Based on the discussion above, we think whether UE and network’ interaction before UE’s mobility is allowed in Rel-19 conditional mobility can be further discussed.

Proposal 6: Whether UE and network’ interaction before UE’s mobility is allowed in Rel-19 conditional mobility can be further discussed.

Besides, there’s one issue needing further discussion for early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO. In this case, TA may be unavailable when the execution condition satisfies. 

Observation 9: There could be TA not available case if early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO.

If TA acquisition related configuration is configured to UE, but TA is not available when UE’s execution condition is satisfied, it’s benefit for the UE to perform legacy RACH procedure and complete the CHO.

Proposal 7: Fallback mechanism for UE to perform legacy RACH procedure can be supported for Rel-19 enhanced CHO.

In Rel-18, subsequent mobility procedures without need for RRC configuration is supported in LTM, since the mobility is within the same CU with the same RRC entity, and the security key is not change. When it comes to Rel-19, the scenario is inter-CU, the security changes cannot avoided, and it’s not feasible enough to pre-configure the keys of different candidate cells, since it may introduce security issues. 

Observation 10: There’s key exposure issue if subsequent mobility procedure without need for RRC reconfiguration is supported in inter-CU scenario.

Considering this, we prefer to not include subsequent mobility procedure in Rel-19 LTM unless the key exposure issue can be solved.

Proposal 8: Subsequent mobility procedures without need for RRC reconfiguration is not supported in LTM unless the key exposure issue can be solved.
3 Conclusions
[bookmark: _Hlk47377607]In this contribution, we discuss the potential enhancement for mobility in Rel-19. Following observations and proposals are made in this contribution:

Observations

Observation 1: As the discussion on intra-CU LTM progressed, the NR-DC case in LTM mobility was not fully discussed in Rel-18 due to the limited time.

Observation 2: If CU acting SN in NR-DC case is supported, the PSCell change with MN involvement should be considered and the complex signalling exchange related to MN or SN initiated SN change procedure will be discussed in SCG LTM.

Observation 3: The mechanism of exchanging configuration of candidate cells and early synchronization information in inter-CU LTM are similar with we designed for intra-CU LTM.

Observation 4: The UE is always the first entity which is aware of the variation of channel conditions or the variation of the link qualities between UE and serving cell or candidate cells.

Observation 5: The UE triggered or event triggered reporting and even event triggered cell switching can be a supplementary mechanism when the periodic reporting is configured with a long period for UE power saving.

Observation 6: Based on Rel-18 LTM, UE can only transmit or receive the data after the implementation of RRC configuration of the target cell and CSI measurement and reporting, which will increase the mobility delay and the interruption time. 

Observation 7: If early TA acquisition approach is used in conditional triggering of LTM, there’s interaction between UE and the network, which does not align with the logic of CHO.

Observation 8: If early TA is used for CHO, the interaction between UE and the network cannot avoided, which introduce UE behaviour changes to the current CHO.

Observation 9: There could be TA not available case if early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO.

Observation 10: There’s key exposure issue if subsequent mobility procedure without need for RRC reconfiguration is supported in inter-CU scenario.

Proposals

Proposal 1: For inter-CU LTM, the standalone case is prioritized.

Proposal 2: As a complete intra-CU LTM procedure is already designed in Rel-18, the whole procedure of inter-CU LTM can reuse intra-CU LTM mechanism as much as possible.

Proposal 3: The UE triggered or event triggered reporting and even UE triggered cell switching can be supported in Rel-19 mobility enhancements.

Proposal 4：The CSI acquisition based on CSI-RS and SSB before cell switching should be supported in Rel-19 to reduce the interruption time and shorten the latency of mobility.

Proposal 5: Conditional mobility can be supported in Rel-19 via the following approach：
· Conditional triggering of LTM
· Early TA or RACH-less (as defined for LTM) to be used as part of layer 3 CHO

Proposal 6: Whether UE and network’ interaction before UE’s mobility is allowed in Rel-19 conditional mobility can be further discussed.

Proposal 7: Fallback mechanism for UE to perform legacy RACH procedure can be supported for Rel-19 enhanced CHO.

Proposal 8: Subsequent mobility procedures without need for RRC reconfiguration is not supported in LTM unless the key exposure issue can be solved.
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A Potential objectives:
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Specify support for inter-CU Layer 2 Mobility (LTM)
*  Prioritize the case when CU is acting as MN when DC is not configured

Measurements related enhancements for purpose of supporting LTM:
*  Specify event triggered L1 measurement reporting for triggering LTM > depending on the detailed discussion in RAN#102, resolve how to avoid
overlapping with similar objective in MIMO WI
«  Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management and/or other physical layer operations
on candidate cells before LTM
Support of conditional mobility (including set of candidate cells, UE evaluated mobility conditions, ability for UE to perform subsequent
mobility procedures without need for RRC configuration) along with short mobility interruption time (similar to that achievable with
LTM).





