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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Mobility is one of the most important topics for mobile communication. In each past release of NR, we have studied and specified mobility related features. 
In Rel-15, we designed basic L3-based handover and beam level mobility. 
In Rel-16, DAPS was introduced for 0ms interruption, and CHO was introduced as well for robust handover. 
In Rel-17, ICBM was specified to use neighbor cell’s beam without serving cell change. 
In Rel-18, we are specifying L1/L2 triggered mobility (LTM), to reduce the latency, overhead and interruption time of serving cell change [1]. 
L3 handover enhancements, i.e. CHO including MCG and candidate SCG, and subsequent CPAC will also be supported in Rel-18.
Even though we have multiple mobility mechanisms, there are still gaps to achieve the ultimate performance goal of mobility, i.e. extremely short interruption time with high throughput maintenance within a wide area. For example, Rel-18 LTM has been limited to intra-gNB cases. When the UE moves across gNBs, legacy L3 handover has to be used, which will suffer longer interruption time. Therefore further enhancements to address enhancements for more scenarios should be specified in Rel-19.
During the June RAN workshop for Rel-19, the following status for mobility enhancements was captured in [2].
	· Strong desire to further enhance mobility management in Rel-19
· One area raised by many companies is to further evolve Layer 1/2 triggered mobility (LTM), e.g., inter-CU (central unit) LTM
· Need to focus on the critical needs for commercial deployments and maintain a reasonable workload
· Especially considering it’s a continuation from previous releases


In this contribution, we provide our updated views on Mobility enhancements in Rel-19, including further LTM enhancements and DAPS enhancement.
2 Discussion 
Inter-gNB LTM
During the June RAN workshop, almost all companies showed interests in inter-gNB(CU) LTM, in order to expand the applicable area of Rel-18 LTM. 
The enhancement direction is essential, especially to support immersive XR/Metaverse services in outdoor, e.g. in vehicles/trains, which requires handover with short interruption and high throughput in a broader area. The major applicable scenario for such a case, is the UE moving from one gNB, and considering NR-DC is not yet widely deployed, Rel-19 can focus on the NR standalone scenario for inter-gNB case. 
Proposal 1: To introduce the support of inter-gNB(CU) LTM in NR standalone deployment for Rel-19. 
As shown in the Fig.1, the key components of Rel-18 intra-gNB(CU) LTM include:
1) LTM preparation: Pre-configuration of candidate cell groups. 
The gNB-CU needs to gather the configuration of candidate cell groups from the corresponding gNB-DUs via F1 interface, and send them to the UE via RRC signaling.
2) Early synchronization, including early DL and UL synchronization.
3) L1 measurement and reporting.
4) Cell group switch triggered by L2 signaling. 
The UE will detach from the source cell, apply the target configurations, perform the needed L2 behavior, and access the target cell. 
In Rel-18 LTM, no security update is involved. The L2 behavior is either MAC reset + RLC re-establishment + PDCP data recovery for AM DRBs (e.g. in inter-DU LTM), or only MAC reset (e.g. in intra-DU LTM), as configured by the network.
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Fig.1 Illustration of Rel-18 intra-gNB LTM
For inter-gNB(CU) LTM, the basic procedure is illustrated in Fig.2. Compared with intra-gNB LTM, one essential enhancement is the pre-configuration of candidate cell groups across gNBs in the LTM preparation phase. Xn interface signaling needs to be specified for that. 
During the LTM execution phase, security keys shall be updated. The L2 behavior should be different from the one of Rel-18 LTM, i.e. PDCP need to be re-established at inter-gNB LTM. When both intra-gNB LTM and inter-gNB LTM occur, how to determine whether to update security keys and perform PDCP re-establishment at cell switch needs to be specified. The RRC-configured L2 behavior selection specified in Rel-18 can be the starting point.
Besides, during the LTM execution phase, information may need to be exchanged between the source gNB and the target gNB, e.g. the selected beam of the target cell so that it can be used by the target gNB for scheduling.
Proposal 2: To specify the following in inter-gNB(CU) LTM for Rel-19:
· Configuration, early synchronization and mobility execution for multiple candidate cells across gNBs
· Selection of layer-2 handling, depending on whether the source and target PCell belong to the same gNB or not.
· Necessary information exchange between source gNB and target gNB during LTM procedure if needed. 
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Fig.2 Illustration of inter-gNB LTM
In Rel-18, we support subsequent LTM execution towards previously configured LTM candidate cells without RRC reconfiguration. This function can well reduce signaling overhead and interaction delay for candidate re-preparation over both the Uu interface and F1 interface. In inter-gNB LTM, subsequent LTM should also be supported, to achieve the same benefits. In inter-gNB LTM, the preparation needs to involve Xn interactions so subsequent inter-gNB LTM can also reduce the Xn signaling overhead for candidate re-preparation. 
In subsequent inter-gNB LTM, one issue that shall be paid attention to is how to avoid key reuse if the UE switches from one gNB to another gNB, and then switches back to initial gNB. 
Proposal 3: To consider support subsequent inter-gNB LTM between candidates without candidate re-preparation in Rel-19.
R18 leftover LTM enhancements
Rel-18 LTM has introduced early DL and UL synchronization, for a candidate cell before the actual LTM procedure. Then, during the cell switch to the candidate cell, SSB detection and random access procedure can be skipped, in order to reduce the interruption time caused by random access. 
Even though the interruption time can be largely reduced, whether the target cell can directly schedule a UE after cell switch with narrow beams, high MCS and wide bandwidth depends on whether the UE has performed beam refinement on CSI-RS, TRS tracking and CSI acquisition for the target cell. Without these features, the UE suffers from significant throughput degradation after each LTM cell switch.
In Rel-18, at RAN1#110bis, RAN1 agreed to study early CSI-RS measurement for candidate cells prior to the reception of the LTM cell switch command [4]:
	Agreement
RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
· DL synchronization for candidate cell(s)
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Note: Uplink synchronization aspect will not be discussed under this A.I.
· FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2)



Due to time limitation and workload, RAN1 concluded not to specify CSI-RS measurement for beam management, TRS tracking and CSI acquisition for candidate cells in Rel-18 LTM. In order to maintain the throughput, it is essential to support CSI-RS measurement for beam management, TRS tracking and CSI acquisition for candidate cells before cell switch in Rel-19 mobility enhancement WI.
Proposal 4: To specify CSI-RS measurement for beam management, TRS tracking and CSI acquisition for LTM candidate cells before cell switch in R19 mobility enhancement WI, which are enhancements postponed in R18 due to time limitation.
Besides, for CA deployment, it is desirable to maintain high throughput also in case during SCells switching, especially for immersive XR/Metaverse communication which requires both low latency and high throughput maintenance. In Rel-18 the case for SCell switching with or without PCell switch is not clearly addressed. In order to make SCells achieve similar latency and throughput performance with PCells, early synchronization to candidate SCells needs to be considered in Rel-19. Furthermore, early CSI-RS measurement for candidate SCells, including the same measurement enhancements mentioned in the above proposal, together with optimized RRM requirements for SCells switch in LTM can be further studied and specified in Rel-19.
Proposal 5: To specify early CSI-RS measurement for candidate SCells in Rel-19.
Proposal 6: To specify RRM requirements for SCell switch, specifically for LTM in Rel-19.
To improve reliability and throughput for UEs at the cell edge, NR specified R17 ICBM (Inter-cell Beam Management) and R17/18 inter-cell mTRP in which a neighbour cell can be configured as an additional TRP of the serving cell. 
Smooth migration from ICBM/mTRP in source cell to ICBM/mTRP in target cell via LTM can ensure a unified framework and consistent performance gains. 
However, due to the time limitation in R18, the discussion on such aspects were de-prioritized. It is generally not clear how to coordinate the UE behaviors if UE is simultaneously configured with LTM and mTRP/ICBM, e.g. whether the TCI state pool are jointly or separately configured for mTRP/ICBM and LTM. 
Thus, it is good to consider enhancements of unified usage of TA and TCI state activation/indication in LTM and ICBM/inter-cell mTRP scenarios. For example, the same TCI state(s) could be used for ICBM/inter-cell mTRP operation and for early TCI state activation for the LTM candidate cell, the TA acquired for inter-cell mTRP operation could be used at LTM cell switch and the TA for inter-cell mTRP operation after LTM cell switch could be acquired before LTM cell switch.
Proposal 7: Specify enhancements of unified TCI state activation/indication and TA indication for the LTM candidate cell in scenarios where the UE is configured with ICBM/inter-cell mTRP at the same time.
Data rate maintenance during DAPS handover
Rel-16 DAPS handover can achieve 0ms handover interruption time. However, we observed that the data rate during DAPS handover may not be stable (as shown in Fig 2.3-1 and Fig 2.3-2), resulting in poor user experience. One example in the real test is shown in Fig 2.3-3, where the data rate during DAPS HO does not achieve the desired results although some implementation efforts have been made. 
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Fig 2.3-1: Legacy HO 						Fig 2.3-2 DAPS HO
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Figure 2.3-3: Real data rate during DAPS HO
In the current Rel-16 DAPS procedure, the source gNB stops transmitting downlink packets after it receives the HANDOVER SUCCESS message. After that, the downlink data rate is mainly dependent on the target gNB. Based on the investigation of the data transfer process during DAPS, we identified the following possible causes:
· The scheduling is stopped early on the source gNB
· The MCS on the target gNB cannot be quickly increased
· CA is not supported during DAPS HO
In RAN2#123 meeting, this issue has been discussed. In our contribution [5], we proposed that data rate can be improved by providing assistance information from the source gNB to the target gNB for determining the suitable time to release the source link. 
Observation 1: Data rate during DAPS HO can be improved by providing assistance information from the source gNB to the target gNB for determining the suitable time to release the source link.
In addition, in order to improve data rate, it would be useful to have some coordination between the source gNB and the target gNB to avoid overlapping UL transmission, otherwise the UE will have to cancel transmissions (e.g. HARQ-ACK feedback) to the source gNB if that uplink transmissions to the source gNB and to the target gNB are in overlapping time resources. 
Observation 2: Data rate during DAPS HO can be improved by coordination between the source and the target gNB to avoid overlapping UL transmissions.
For suitable MCS selection at the target gNB, fast CSI measurement and reporting could improve the performance. For example, the UE quickly performs L1 measurement based on the CSI configuration of the target gNB after receiving DAPS HO command, and reports the measurement results to the target gNB in an UL message, e.g., via a MAC CE. 
Observation 3: Data rate during DAPS HO can be improved by UE initiated early reporting of L1 CSI measurement at the target cell after access to the target cell.
In addition, DAPS HO with CA is also a possible way to increase the data rate. To avoid the challenge to UE, DAPS HO with downlink CA can be considered in Rel-19. 
Observation 4: Data rate during DAPS HO can be improved by supporting downlink CA together with DAPS.
Proposal 8: To support enhancements to avoid data rate degradation during DAPS handover.
3 Objectives
Based on the above discussion, we suggest the following Work Item objectives for Rel-19 Mobility enhancements:
	· Specify mechanism and procedures of Inter-gNB(CU) LTM for mobility latency reduction:
· Configuration, early synchronization and mobility execution for multiple candidate cells across gNBs, including Xn interface signaling, F1 interface signaling if needed [RAN2, RAN3]
· Necessary information exchange between source gNB and target gNB during LTM procedure, e.g. beam indication [RAN3, RAN2]
· Layer-2 handling in Inter-gNB LTM, including security update, layer-2 protocol reset, etc. [RAN2]
· Note 1: RRC-based L2 behavior indication specified in Rel-18 can be the starting point.
Note 2: Subsequent LTM shall be supported in Inter-gNB LTM.
Note 3: Early DL and UL synchronization shall be supported in Inter-gNB LTM. The method specified in Rel-18 can be the starting point.
· Specify mechanisms and procedures to guarantee throughput during Mobility (including LTM and DAPS):
· Early beam refinement, TRS tracking and CSI acquisition during LTM for both candidate PCell and SCell. [RAN1, RAN2]
· Enhancements of TCI state activation/beam indication and TA indication for LTM candidate cells in scenarios where the UE is configured with ICBM/inter-cell mTRP in the source and/or target cell configuration. [RAN1]
· Specify RRM requirements for SCell switch in LTM. [RAN4]
· Enhancements to avoid data rate degradation during DAPS handover. [RAN2, RAN3]



Proposal 9: Agree the above Work Item objectives for Rel-19 Mobility enhancements.
4 Conclusion
In this paper, we provide our views on Rel-19 Mobility enhancements, and provide the following proposals:
Inter-gNB LTM:
Proposal 1: To introduce the support of inter-gNB(CU) LTM in NR standalone deployment for Rel-19. 
Proposal 2: To specify the following in inter-gNB(CU) LTM for Rel-19:
· Configuration, early synchronization and mobility execution for multiple candidate cells across gNBs
· Selection of layer-2 handling, depending on whether the source and target PCell belong to the same gNB or not.
· Necessary information exchange between source gNB and target gNB during LTM procedure if needed. 
Proposal 3: To consider support subsequent inter-gNB LTM between candidates without candidate re-preparation in Rel-19.
R18 leftover LTM enhancements:
Proposal 4: To specify CSI-RS measurement for beam management, TRS tracking and CSI acquisition for LTM candidate cells before cell switch in R19 mobility enhancement WI, which are enhancements postponed in R18 due to time limitation.
Proposal 5: To specify early CSI-RS measurement for candidate SCells in Rel-19.
Proposal 6: To specify RRM requirements for SCell switch, specifically for LTM in Rel-19.
Proposal 7: Specify enhancements of unified TCI state activation/indication and TA indication for the LTM candidate cell in scenarios where the UE is configured with ICBM/inter-cell mTRP at the same time.
DAPS enhancements:
Proposal 8: To support enhancements to avoid data rate degradation during DAPS handover.
Proposal 9: Agree the above Work Item objectives for Rel-19 Mobility enhancements.
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