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1 Introduction
3GPP has discussed Rel-19 mobility enhancements in RP#101 and the latest conclusions from [1] is listed below:

---------------------------------------------------------------------------------------------------
Based on the RAN#101 offline discussion the following objectives should be agreeable:
· Specify support for inter -CU Layer 2 Mobility (LTM)
· Next level questions still to be discussed/decided:
· Whether to support cases where CU is acting as MN, and when CU is acting SN?
· For case where CU is acting as SN, whether it is support for EN-DC and/or NR-DC?
· In answering the above questions, focus should be practical deployments.
· Measurements related enhancements for purpose of supporting LTM:
· Specify event triggered L1 measurement reporting for triggering LTM
· 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
During the RAN#101 offline discussion there was strong interest in the following
· [bookmark: _Hlk151720996]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).
· 	Next Step question to consider the most appropriate approach to achieve this aim. For example, by specifying conditional triggering of LTM, or specifying support of Early TA or RACHless (as defined for LTM) to be used as part of layer 3 CHO, or possibly other approaches. If this questions cannot be concluded during the Rel-19 scoping discussion then it may be possible to start with a RAN2 study phase.
During RAN#101 offline discussion the following were agreed to be reviewed again at RAN#102 with consideration to the outcome of the Rel-18 work item.
· NR-DC cases supported by LTM. Note the following common understanding from the offline: LTM is important for MCG only case. In case of NR-DC then LTM on the SCG is the important case (e.g. in FR2), followed by LTM in MCG with SCG configured (SCG unchanged by MCG LTM)
-------------------------------------------------------------------------------------------------------

In this contribution, we suggest to include only the agreeable part from [1] (highlight above) and some critical RAN4 leftovers in R19 mobility enhancement scope (i.e. aligned with RP Chair guideline in [2] RP-232745). We discuss more details on the agreeable part from [1] and provide our view on how to consolidate the WI objectives. 

2 Discussion
2.1 Inter-CU LTM
In Rel-18, 3GPP introduced LTM (L1/L2-Triggered Mobility) where the mobility procedure is triggered by low-layer indicator (i.e. MAC CE). In LTM procedure, the UE may perform early L1 measurement on neighbour cells/beams and thus the handover interruption is much lower compared to legacy handover. The Rel-18 LTM procedure is limited in intra-CU case only. To extend the deployment scenario, it is desired to generalize LTM procedure so that inter-CU handover could also be benefit from low interruption handover. 

To support inter-CU LTM, it is necessary to specify the corresponding security and L2 handling for inter-CU scenario. For example, how to handle PDCP relocate between different gNB and how to do security key update. For the security part, RAN WG should coordinate/consult with SA3 on the proper security handling. It is also necessary to specify the necessary Xn interactions including preparation of candidate cells across gNBs, and information exchange upon cell switch.

Then, regarding the DC cases, we believe that Rel-19 should start with the case that inter-CU MCG LTM when SCG is not configured (i.e. as suggested by RAN chair in [2]). For other cases, inter-CU MCG LTM with SCG kept or inter-CU SCG LTM without MN involvement could be further discussed if time allowed. This is similar to what we have done for intra-CU LTM (see also session 2.4).

Therefore, we have below suggestion for inter-CU LTM objective.

Proposal 1: Add below objective in R19 mobility enhancement
· Inter-CU LTM (RAN2, RAN3)
· Specify necessary L2 and security handling for in inter-CU LTM (RAN2, RAN3)
· Specify necessary Xn signaling for preparation and execution of inter-CU LTM (RAN3, RAN2)
· NOTE 1: Coordinate with SA3 on security handling is needed
· NOTE 2: Prioritize the case for inter-CU MCG LTM when SCG is not configured. 

[bookmark: _Hlk151990292]2.2 LTM Measurements enhancements
In Rel-18 LTM, the UE may early DL synchronization on neighbour cells/beams based on SSB. Although the handover interruption is reduced due to this early DL synchronization, it is not possible to schedule the UE with high MCS and using narrow beam immediately after cell switch due to lack of CSI-RS tracking for the target cell. RAN1 has discussed CSI-RS beam measurement, TRS tracking, and CSI acquisition for candidate cell in Rel-18 but does not conclude to introduce this due to time limitation. We believe that this early CSI-RS beam measurement is beneficial and should be introduced in Rel-19. 

Another agreeable part on LTM L1 measurement enhancement is to introduce event triggered L1 measurement reporting for triggering LTM. In additional, there is another agreeable objective in MIMO WI (i.e. UE-initiated/event-driven beam management) that would be quite similar on this event triggered L1 measurement reporting. It is necessary to clarify the work split to avoid duplicated tasks in different WI and/or different WG.

First of all, we think that “event based L1 measurements and reports” should be almost the same no matter it is for LTM or MIMO purpose. We think that the event reporting for inter-cell beam management should be discussed first in MIMO WI and the Mobility WI should reuse it as much as possible. RAN1 could drive the event definition in cooperation with RAN2 for consistency between MIMO and mobility WI. It is also RAN1’s responsibility to determine the mechanism / channel to transfer report.

In addition, we think that L1 event reporting should apply to both SSB and CSI-RS measurement. Overall, we suggest to define LTM Measurements enhancements objective as below P2 (Similar to what has been mentioned in [1] with additional notes to clarify).

Proposal 2: Add below objective in R19 mobility enhancement
· LTM Measurement enhancement (RAN1, RAN2)
· 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 (RAN1, RAN2)
· [bookmark: _Hlk151990328]Specify event triggered L1 measurement reporting for triggering LTM to reduce measurement reporting load (RAN1, RAN2)
· NOTE 3: RAN1 to drive the event definition in cooperation with RAN2 for consistency between MIMO and mobility WI (Overlapped works between RAN1 and RAN2 should be avoided). 
· NOTE 4: RAN1 to determine the mechanism / channel to transfer the report
· NOTE 5: Both SSB and CSI-RS event based L1 measurements to be supported

Another related aspect is that where to capture the new L1 measurement event for beam management and for LTM. RAN2 SPEC already specifies the events for L3 measurements and we believe that the specification of L1 events should also be located in RAN2 TS. RAN1 could send their conclusion on how to define L1 measurement event and RAN2 help to do the final modelling in RAN2 SPEC (similar to L1 control parameters). We think RP could have some guideline on this.

Proposal 3: RP to discuss whether the new events for MIMO beam management and LTM mobility should be captured in RAN2 SPEC or RAN1 SPEC. The decision should be the same for MIMO and mobility WI.

[bookmark: _Hlk151908328]2.3 Conditional mobility with short interruption
The Rel-18 LTM procedure is still triggered by network command, which implies that it may suffer from handover command lost issue. 3GPP has introduced conditional handover (CHO) procedure to ensure the robustness of mobility. To support both robustness and low-interruption mobility flow, it is natural to combine LTM with CHO procedure to have conditional LTM procedure. On the other hand, it is also possible to add early DL sync (and early RACH) to the legacy CHO procedure so that it can reduce the interruption time and at the same time maintain the robustness characteristic of CHO. 

There are mainly two directions to fulfill this target, one is to modify LTM procedure so that it could be triggered by UE. This could be easily done if we have the L1 measurement event defined in previous objective (session 2.2). The other direction is to modify CHO procedure so that it includes the early DL synchronization and subsequent switch without need for RRC configuration. We would prefer to enhance the LTM procedure as it takes less effort compared to modify the CHO. But we are fine to include both for further study.

The table below summary our understanding of current HO/CHO/LTM procedure and the two possible enhanced directions. Note that the early UL synchronization (RACH-less) introduced in Rel-18 does not really fit into the conditional mobility flow as it still requests NW to provide the TA during cell switch. In order to support RACH-less conditional mobility, further study is needed. Once supported, the RACH-less should be applicable to both CHO and conditional LTM.

	Feature
	Measurement 
	UE triggered
	Early DL Sync
	Early UL Sync
(RACH-less)
	Subsequent switch 

	Legacy HO
	L3
	No
	No
	No
	No

	Rel-16 CHO
	L3
	Yes
	No
	No
	No

	Rel-18 LTM
	L1
	No
	Yes
	Yes
	Yes

	Conditional LTM
	L1
	Yes
	Yes
	TBD
	Yes

	CHO with short interruption
	L3
	Yes
	Yes
	TBD
	TBD



In summary, based on above discussion, we suggest to include both conditional LTM and CHO with early DL synchronization in Rel-19 mobility.

Proposal 4: Add below objective in R19 mobility enhancement
· Study and specify (if feasible) below conditional mobility procedure with short interruption time (RAN2, RAN1)
· LTM procedure to be triggered by the UE based on network-configured condition (i.e. based on the L1 measurement event) (RAN2)
· Support of early DL synchronization and subsequent switch in CHO procedure (RAN2)
· Support of RACH-less (early UL Sync) in above two procedures (RAN1, RAN2)

2.4 NR-DC support for LTM
In Rel-18, RAN2 decided to support below (intra-CU) LTM scenarios in NR-DC.
· MCG LTM when SCG is not configured (in NR SA mode)
· MCG LTM with SCG Release
· MCG LTM with SCG Kept
· SCG LTM without MN involvement

It could be further discussed whether intra-CU MCG LTM with SCG addition/change should be added in Rel-19. We haven’t found strong motivation to support this scenario but are open to discuss. On the other hand, for SCG LTM, it seems that SCG LTM without MN involvement is good enough. We don’t see the need to have SCG LTM to trigger MN mobility.

Proposal 5: RP to discuss whether to support intra-CU MCG LTM with SCG addition/change. If no clear motivation from marketing, we suggest NOT to include this in Rel-19 mobility enhancement scope.

[bookmark: _Hlk151990389]2.5 RAN4 related items
In Rel-19 LTM, RAN4 only define LTM cell switch performance requirement for sPCell switch (without SCell). For LTM cell switch together with direct SCell activation, there is no corresponding requirement. This is one of the RAN4 leftovers that may be included in R19 mobility scope.

Another aspect is on usage of measurement gap for inter-frequency L1 measurement of LTM candidate cells. In Rel-18, RAN4 assumes that inter-frequency L1 measurement always request legacy measurement gap. It is possible (according to UE capability) that the UE only requires NCSG (network controlled small gap) or the UE could do gap less measurement (with interruption) for some candidates. It is worthy to study the usage of measurement gap for L1 measurement to see if we can reduce the interruption on serving cell(s).

However, we also understand that RAN4 has high workload in general. New objective for RAN4 should be carefully review the justification. We suggest RP to discuss these two items together with other RAN4 proposals and ensure that the final workload is suitable for RAN4.

Proposal 6: RP to discuss whether to include below objectives for RAN4 
· Specify RRM performance requirements for LTM cell switch with direct SCell activation (RAN4)
· [bookmark: _Hlk152339913]Study and specify (if feasible) to support inter-frequency L1 measurement of LTM candidate cells based on enhanced gap configuration (e.g. NCSG, con-current gap, no gap) (RAN4)

2.6 TU Allocation
Based on the scope discussed in previous sessions, we think the TU allocated in [2] is a reasonable starting point for mobility work item. Further adjustment is possible based on the final scope.

3 Conclusions	
Based on the discussion in section 2, we propose the following: 

Proposal 1: Add below objective in R19 mobility enhancement
· Inter-CU LTM (RAN2, RAN3)
· Specify necessary L2 and security handling for in inter-CU LTM (RAN2, RAN3)
· Specify necessary Xn signaling for preparation and execution of inter-CU LTM (RAN3, RAN2)
· NOTE 1: Coordinate with SA3 on security handling is needed
· NOTE 2: Prioritize the case for inter-CU MCG LTM when SCG is not configured. 

Proposal 2: Add below objective in R19 mobility enhancement
· LTM Measurement enhancement (RAN1, RAN2)
· 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 (RAN1, RAN2)
· Specify event triggered L1 measurement reporting for triggering LTM to reduce measurement reporting load (RAN1, RAN2)
· NOTE 3: RAN1 to drive the event definition in cooperation with RAN2 for consistency between MIMO and mobility WI (Overlapped works between RAN1 and RAN2 should be avoided). 
· NOTE 4: RAN1 to determine the mechanism / channel to transfer the report
· NOTE 5: Both SSB and CSI-RS event based L1 measurements to be supported

Proposal 3: RP to discuss whether the new events for MIMO beam management and LTM mobility should be captured in RAN2 SPEC or RAN1 SPEC. The decision should be the same for MIMO and mobility WI.

Proposal 4: Add below objective in R19 mobility enhancement
· Study and specify (if feasible) below conditional mobility procedure with short interruption time (RAN2, RAN1)
· LTM procedure to be triggered by the UE based on network-configured condition (i.e. based on the L1 measurement event) (RAN2)
· Support of early DL synchronization and subsequent switch in CHO procedure (RAN2)
· Support of RACH-less (early UL Sync) in above two procedures (RAN1, RAN2)

Proposal 5: RP to discuss whether to support intra-CU MCG LTM with SCG addition/change. If no clear motivation from marketing, we suggest NOT to include this in Rel-19 mobility enhancement scope.

Proposal 6: RP to discuss whether to include below objectives for RAN4 
· Specify RRM performance requirements for LTM cell switch with direct SCell activation (RAN4)
· Study and specify (if feasible) to support inter-frequency L1 measurement of LTM candidate cells based on enhanced gap configuration (e.g. NCSG, con-current gap, no gap) (RAN4)
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