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1	Introduction
In this contribution, we discuss and share our views on topics for NR mobility enhancements in Release 19.
[bookmark: _Ref178064866]2	Discussion
2.1	Background
Some relevant 3GPP mobility features introduced so far for LTE and NR include the following:
· In the Rel-14 Mobility enhancements work item, make-before-break handover and RACH-less handover was introduced to shorten mobility interruption time for LTE.
· In Rel-15 when NR was introduced, only basic L3 handover was included.
· In Rel-16 NR and LTE (further) Mobility enhancements work items, features were added to both LTE and NR to address short handover interruption time and increased mobility robustness:
· Dual Active Protocol Stack (DAPS) handover
· Conditional handover (CHO)
· Intra-node Conditional PSCell Change (CPC)
· 2-step random access, including 2-step CFRA (contention-free random access) for handover in NR
· In the Rel-17 further enhanced MIMO work item, work was started on inter-cell support for beam management including L1/L2-centric mobility for NR. L1/L2-centric mobility was then removed from the WI due to lack of time to complete in the Rel-17 timeframe.
· In the Rel-17 further MR-DC/CA enhancements work item, inter-node CPC and Conditional PSCell Addition (CPA) was specified.
· In the Rel-18 further NR mobility enhancements work item, L1/L2-triggered mobility (LTM), and various enhancements on CHO/CPC/CPA are being specified. There is also a study on early measurement reporting enhancements which may optionally include normative work.

2.2	Mobility enhancements in Rel-19
Extend LTM to inter-CU scenarios
L1/L2-triggered mobility (LTM) will in Rel-18 be limited to intra-CU mobility scenarios and further RAN2 agreed that security key change will not be supported for LTM in Rel-18. 
DAPS can be used to reduce mobility interruption time for inter-gNB handover but have other limitations, such as no FR2-FR2 support, that CA and DC both need to be released during the DAPS handover and DAPS relies on UEs capable of at least receiving in source and target cells simultaneously. 
Therefore, with the above limitations of DAPS, we think that adding LTM as one way of performing inter-gNB mobility would provide benefits due to the short latency and interruption time with LTM. To support inter-CU LTM, at least security key information needs to be supported in the LTM configuration of an inter-CU candidate cell and the LTM cell switch needs to include change of security key.
One of the main contributors to the reduced interruption time in LTM is the potentially greatly reduced time to perform synchronization of the target cell during the cell switch. This is because for LTM, UE has established DL sync with the target cell already when a L1 measurement report is sent to the network and performs early TA acquisition for candidate cells to enable a RACH-less cell switch. These procedures will in Rel-18 be limited to intra-CU scenarios and if LTM is extended to cover also inter-CU mobility, we think that also the early UL/DL sync in Rel-18 needs to be extended to make full use of LTM also in the inter-CU scenarios.
[bookmark: _Toc135744607]For inter-CU LTM we suggest the following objective:
1. Specify mechanisms and procedures for L1/L2-triggered mobility for inter-CU scenarios including 
· Signalling support for configuration of inter-CU candidate cells [RAN2, RAN3]
· Signalling support for L1 measurements configuration, TA management and early DL sync [RAN2, RAN3]
· Signalling support and RRM requirements for Inter-CU LTM cell switch [RAN2, RAN3, RAN4]
Note: Inter-CU LTM should support at least security key change in addition to scenarios already supported in Rel-18

Enhanced L3 measurement support for CHO/LTM
Both Rel-17 Conditional Handover (CHO) and Rel-18 L1/L2 Triggered Mobility (LTM) rely on the network managing and providing the UE with RRC configurations for a limited set of preconfigured candidate cells. To support this, the network can configure the UE with L3 measurement events and use the received L3 measurement reports to add and remove candidate cell configurations from the limited set. The problem is that the L3 measurement reports were not specifically designed for this. There are currently certain limitations in how L3 measurements can be used to effectively support the network in maintaining the limited set of candidates. For instance, the measurement report currently only includes a single cellsTriggered list, containing the list of cells fulfilling the entry condition for a certain event. Once the leaving condition is fulfilled, the cell is removed from the list, which means that even when reportOnLeave is set to true to trigger a measurement report upon leaving condition fulfilled for a cell, the measurement report will not contain the information of cells fulfilling the leaving condition. The number of cells to report is also limited to limit the size of the measurement report. This means that from the measurement report alone, it is not possible to determine whether the entering or leaving condition was triggered for the reported cell. From a network point of view, it is important that the measurement reports are unambiguous and self-contained, meaning that network can take decisions on individual reports and e.g. the loss of one report does not change the meaning of a subsequent measurement reports. One possible approach to solve the ambiguity is to add similar functionality as was used in UMTS to maintain the active set for soft/softer handover. In UMTS, separate events 1A (Radio Link Addition) and 1B (Radio Link Deletion) were defined to report cells entering and leaving the reporting range. In NR, the reportOnLeave trigger already exists to trigger sending the report, but separate lists for cells fulfilling the entering and the leaving conditions could be defined in the measurement report.
For enhanced L3 measurement reporting, we suggest therefore the following objective:
2. Add support in the measurement report to indicate whether an included cell is entering of leaving the reporting range [RAN2, RAN4]

Inter-frequency measurement priority information
The existing measurement framework for inter-frequency measurements allows the network to list a set of frequencies on which the UE is supposed to perform the measurements. With the increasing amount of frequency carriers in FR1 and especially FR2, one limitation that has become evident in the field is the lack of control from the network side on in which order the UE measures and reports the listed frequencies. This is currently left for UE implementation, meaning that UEs may end up measuring and reporting a certain carrier F1 first, triggering handover or CA/DC setup on F1, whereas other available carriers F2 and F3 remain unused. The network currently has only limited means to control the offloading among F1-F3. One alternative is for the network to wait with the HO/CA/DC decision until more measurement reports are received, but delaying the decision means less efficient offloading, since the part of the traffic transmitted on the source carrier F0 increases. Alternatively, the network could configure the measurement on one frequency at the time, but this will also introduce a delay until a suitable carrier for offloading is found, so bears the same drawback. To resolve the above issues, we propose to introduce a mechanism for the network to control the explicit chronological order in which the UE is expected to perform inter-frequency measurements. One possible approach is to introduce a strict priority order, in which the frequencies are to be measured. 
In TEI18 RAN2 acknowledged that there is an issue in the order the UE performs the measurements and it was agreed that a solution is needed. However, if a solution will not be agreed in Rel-18 this needs to be addressed in Rel-19.
We suggest the following objective:
3. If not already addressed in Rel-18, specify strict priority order for inter-frequency measurements [RAN2, RAN4]
2.3	Proposed Rel-19 objectives
Based on the objectives identified in the previous section, we propose
[bookmark: _Toc136342593]A Rel-19 work item on even further NR mobility enhancements includes the following objectives:
[bookmark: _Toc136342594]1. To specify mechanisms and procedures for L1/L2-triggered mobility for inter-CU scenarios including
[bookmark: _Toc136342595]i) Signalling support for configuration of inter-CU candidate cells [RAN2, RAN3]
[bookmark: _Toc136342596]ii) Signalling support for L1 measurements configuration, TA management and early DL sync [RAN2, RAN3]
[bookmark: _Toc136342597]iii) Signalling support and RRM requirements for Inter-CU LTM cell switch [RAN2, RAN3, RAN4]
[bookmark: _Toc136342598]Note: Inter-CU LTM should support at least security key change in addition to scenarios already supported in Rel-18
[bookmark: _Toc136342599]2. Add support in the measurement report to indicate whether an included cell is entering of leaving the reporting range [RAN2, RAN4]
[bookmark: _Toc136342600]3. If not already addressed in Rel-18, to specify strict priority order for inter-frequency measurements [RAN2, RAN4]

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A Rel-19 work item on even further NR mobility enhancements includes the following objectives:
1. To specify mechanisms and procedures for L1/L2-triggered mobility for inter-CU scenarios including
i) Signalling support for configuration of inter-CU candidate cells [RAN2, RAN3]
ii) Signalling support for L1 measurements configuration, TA management and early DL sync [RAN2, RAN3]
iii) Signalling support and RRM requirements for Inter-CU LTM cell switch [RAN2, RAN3, RAN4]
Note: Inter-CU LTM should support at least security key change in addition to scenarios already supported in Rel-18
2. Add support in the measurement report to indicate whether an included cell is entering of leaving the reporting range [RAN2, RAN4]
3. If not already addressed in Rel-18, to specify strict priority order for inter-frequency measurements [RAN2, RAN4]
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