3GPP TSG RAN Meeting #102									RP-233755
Edinburgh, Scotland, December 11-15, 2023

Agenda item:	9.1.2.1
Source: 	Huawei, HiSilicon
Title: 	Mobility enhancements in Rel-19
Document for:	Discussion/Decision
1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Mobility is one of the most important topics for mobile communication, which has been studied and specified in each release from Rel-15 to 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. 
After the discussion in the June RAN workshop for Rel-19 [1] and the discussion in RAN#101 meeting [2], companies already have consensus to further enhance the mobility performance in Rel-19 to address enhancements for more scenarios. 
In the RAN chair’s summary for RAN Rel-19 package, the chair provides the following potential objectives for Rel-19 Mobility [3]:
	· Potential objectives:
· Specify support for inter-CU Layer 2 Mobility (LTM)
· Prioritize the case when CU is acting as MN when DC is not configured
· Whether to additionally support e.g. when CU is acting SN? (focus on practical deployments)
· In this case, whether it is supported for EN-DC and/or NR-DC only?
· 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).
· 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.
· Anything else (e.g., RAN4 related)?	


In this contribution, we will further analyze and provide our views on the potential way forwards for Rel-19 mobility enhancements, based on the potential objectives. 
2 Discussion 
Inter-CU LTM
Supported scenarios
During the RAN#101 offline discussion, companies had consistent view to support inter-CU LTM in Rel-19. As captured in the RAN chair’s potential objective, the supported scenario with the first priority is inter-CU LTM for MCG only case where DC is not configured. 
Then for DC cases, we need to figure out which scenarios shall be supported in Rel-19 inter-CU LTM, as mentioned in the RAN chair’s summary [3]. 
	· Whether to additionally support e.g. when CU is acting SN? (focus on practical deployments)
· In this case, whether it is supported for EN-DC and/or NR-DC only?


For NR-DC, we list all the potential inter-CU LTM scenarios in the following table.
Table-1 Potential inter-CU LTM scenarios in DC cases
	Scenarios
	MN behavior
	SN behavior

	1)
	Inter-MN LTM (LTM command sent by MN)
	SN release

	2)
	
	SCG unchanged

	3)
	
	Intra-SN PSCell change

	4)
	
	Inter-SN PSCell change

	5)
	MCG unchanged
	Inter-SN LTM (LTM command sent by SN)

	6)
	Intra-MN PCell change
	

	7)
	Inter-MN PCell change
	


In the moderator’s summary on Rel-19 Mobility of RAN#101 [2], it is recorded the following common understanding:
	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)


We should consider that in the real NR-DC deployments, the MN is usually deployed with FR1 band to support wide coverage, while SN will use FR2 to boost the throughput. It means that the MN (PCell) usually has wider coverage than the SN (PSCell). When a UE moves, the general case would be the SN changes with MCG unchanged, i.e. scenario 5), which can be supported in Rel-19. When the UE moves across the MNs, it is not a usual case where the SN keeps unchanged, therefore we suggest to not support scenario 2) and 3) in Rel-19.
As for the case where the MN changes, the SN may also need to change, i.e. scenario 4). Alternatively, MN can change with SN being released, i.e. scenario 1). For scenario 4), the single LTM MAC CE sent by the MN will trigger simultaneous MN and SN change. It should be noted that LTM for simultaneous PCell and PSCell change is precluded in Rel-18. The basic reason is that the DU lacks the relationship between the PCell and PSCell, as well as the measurement results of PSCell. If the DU triggers LTM through blind PSCell change, it may result in PSCell failure. To resolve the issue considerable standard effort is needed, while the benefit looks limited, therefore we suggest to stick to the Rel-18 principle and to not support simultaneous PCell and PSCell change in Rel-19 inter-MN LTM, i.e. scenario 4). Then if DC is configured and the network tries to switch the MN via inter-MN LTM, the SCG shall be released, i.e. scenario 1) can be considered. 
Scenario 6) and 7) shall be precluded because it is not desirable to let the SN control the MN/PCell switch.
Based on the above analyses, we have the following proposal:
Proposal 1: Prioritize inter-CU LTM when DC is not configured in Rel-19. Consider inter-MN LTM with SCG release and inter-SN LTM with MCG unchanged for NR-DC cases, if time allows.

Basic procedures
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. 
2) Early synchronization, including early DL and UL synchronization.
3) LTM execution, including L1 measurement and reporting and cell group switch triggered by L2 signaling. 
In Rel-18 LTM, no security update is involved. The UE’s 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.
[image: ]
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. 
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;
· Layer-2 handling, including security update, layer-2 protocol reset, etc.
[image: ]
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. To achieve the same benefits, and to also reduce the Xn interactions during candidate preparations, subsequent LTM triggered by the network should be supported for inter-gNB LTM scenarios. 
Proposal 3: To consider the subsequent LTM triggered by the network between inter-gNB candidates without candidate re-preparation in Rel-19.

Measurements related enhancements
Another potential objective for Rel-19 Mobility enhancements is measurement related enhancements:
	· 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



In Rel-18 LTM, when configured with periodic L1 report, the UE needs to perform L1 measurements of candidate cells, and report the L1 measurement results through periodic PUCCH resources. Such periodic L1 report may incur unnecessary power consumption. When a potential candidate cell is not good enough, the network will not switch the UE to such a candidate cell. Then the L1 measurement report for such a candidate is useless and will result in a waste of both power and radio resources. Event triggered L1 measurement reporting mechanism for LTM can reduce overhead to report L1 measurement results, and can be specified in Rel-19. RAN can study and specify the relevant L1 triggering events, the container of the L1 measurement results reporting and the reporting content. 
The other measurements related enhancement direction is for CSI-RS measurements. Even though the interruption time can be largely reduced in Rel-18 LTM via early DL and UL synchronization, the target cell may not directly schedule a UE after cell switch with narrow beams, high MCS and wide bandwidth. High performance transmission 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 may still suffer from significant throughput degradation after each LTM cell switch.
In Rel-18, due to time limitation and workload, RAN1 concluded not to specify CSI-RS measurement for beam management, and CSI acquisition for candidate cells in Rel-18 LTM. Tracking TRS on SpCell of candidate cell is up to UE capability. In order to maintain the throughput, it is essential to support CSI-RS measurement for beam management, and CSI acquisition for candidate cells before cell switch in Rel-19 mobility enhancement WI. Furthermore, for CA deployment, it is desirable to maintain high throughput also in the case during SCells switching, especially for immersive XR/Metaverse communication, which requires both low latency and high throughput maintenance. In order to make SCells achieve similar latency and throughput performance with PCells, the candidate cell for CSI-RS measurement can be SCell.
Proposal 4: Support measurements related enhancements for LTM, including:
· 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 (PCell/SCell) before LTM.

Conditional mobility enhancements
There was also some interest in conditional mobility enhancements. Potential enhancement way forwards include UE-triggered LTM and RACH-less CHO. Both techniques belong to UE-triggered mobility, with the main difference of triggering conditions, e.g. L1 conditions or L3 conditions. The motivation to have UE-triggered mobility include improving the handover robustness and reducing the signalling overhead of measurement report.
In LTM, the handover robustness seems not an issue since the cell switch command is already a lightweight MAC CE. There is no strong need to have UE-triggered mobility for robustness. In addition, event-triggered L1 report will be specified for LTM in Rel-19, so the network can obtain UE channel condition with less UL resource consumption. The signalling overhead of measurement report would not be an issue then. Besides, in UE-triggered mobility, the UE can only consider the channel condition, but from the system point of view, a reasonable cell switch decision should take into account not only the channel conditions, but also other factors, e.g. the load situation. Based on these considerations, LTM triggered by the network is already sufficient, and works better than UE-triggered mobility.
Besides, performance limitations of UE-triggered mobility exist and shall not be overlooked. In RACH-less LTM triggered by the network, the network can instruct the UE to do early TA acquisition near the time of cell switch. However, in UE-triggered mobility, the network is not aware of the exact HO execution time, so it cannot control the suitable time of early TA acquisition in advance. UE-based TA measurement may work while its applicable scenarios are limited, e.g. depends on the DL synchronization inaccuracy at the network side. Then in most cases, the network may trigger unnecessary early TA acquisition blindly, or the UE have to perform RACH to access the target cell.
Furthermore, in RACH-less LTM triggered by the network, the target cell can prepare the configured grant or schedule a dynamic grant to be used after cell switch. However, in UE-triggered mobility, the dynamic grant seems not suitable since the target cell doesn’t know when the UE may arrive. If pre-configured UL grant is used, the periodicity will affect the HO interruption and resource efficiency. For example, if the periodicity of the pre-configured UL grant is very short, the HO interruption time is short but the resource efficiency is low. Otherwise, the HO interruption time will be longer, which makes the RACH-less procedure less attractive.
In conclusion, it is not essential to specify UE-triggered mobility after we have LTM triggered by the network. We propose to not support UE-triggered mobility related enhancements in Rel-19.
Proposal 5: Not support UE-triggered mobility related enhancements in Rel-19.

RAN4 related enhancements
To support services requiring high throughput and low latency, it is critical to not only improve the PCell switch performance, but also improve the SCell switch/activation performance. 
In Rel-18, PCell switch delay requirement for LTM has been specified in RAN4. However, SCell switch/activation delay for LTM was not specified. For the PCell and SCell change case, the most relevant SCell switch/activation delay in RAN4 specification is direct SCell activation delay. The key components of direct SCell activation delay include: 1) PCell switch interruption, 2) PCell TA acquisition, 3) SCell RS detection and 4) SCell CSI reporting. Through early DL/UL synchronization in LTM, the PCell switch interruption and PCell TA acquisition time can be reduced. In addition, early L1 measurement towards SCell is also possible in Rel-19 LTM, so the SCell RS detection and SCell CSI reporting time can be reduced as well. RAN4 can study and specify RRM requirements for SCell switch/activation by taking into account the above enhancements in Rel-19, to reduce the SCell switch/activation latency.
Similarly, for the SCell change without PCell change case, the most relevant SCell switch/activation delay in RAN4 specification is SCell activation delay defined for MAC CE triggered SCell activation. It also includes SCell RS detection and SCell CSI reporting time, which can be reduced by early synchronization and early L1 measurement in LTM. RAN4 can specify the corresponding RRM requirement enhancements for such case. 
In conclusion, optimized RRM requirements for SCells switch/activation in LTM can be further studied and specified in RAN4 in Rel-19.
Proposal 6: To specify RRM requirements for SCell switch/activation specifically for LTM in Rel-19.

Others
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.3-1 and Fig.3-2), resulting in poor user experience. One example in the real test is shown in Fig.3-3, where the data rate during DAPS HO does not achieve the desired results, although some implementation efforts have been made. 
[image: C:\Users\c00300771\AppData\Roaming\eSpace_Desktop\UserData\c00820520\imagefiles\C3D1C13C-8A9A-4819-80AF-17C7A0CFDFF2.png]					[image: C:\Users\c00300771\AppData\Roaming\eSpace_Desktop\UserData\c00820520\imagefiles\3D808DB3-58A2-4CAB-B333-B472258678F0.png]
Fig.3-1: Legacy HO 						Fig.3-2 DAPS HO
[image: ]
Fig.3-3: Real data rate during DAPS HO
In RAN2#123 meeting, this issue has been discussed. In our contribution [4], 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. 
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. Besides, fast CSI measurement and reporting could also improve the performance, to assist suitable MCS selection at the target gNB. In addition, DAPS HO with CA is also a possible way to increase the data rate. 
Based on the above considerations, we suggest to study and specify enhancements to avoid data rate degradation during DAPS handover.
Proposal 7: To specify enhancements to avoid data rate degradation during DAPS handover.

LTM enhancements with ICBM/mTRP
To improve reliability and throughput for UEs at the cell edge, NR specified Rel-17 ICBM (Inter-cell Beam Management) and Rel-17/18 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 Rel-18, the discussion on such aspects were de-prioritized. It is generally not clear how to coordinate the UE behaviors if the UE is simultaneously configured with LTM and mTRP/ICBM, e.g. whether the TCI state configured in LTM TCI state pool can be indicated to the UE for data transmission with candidate cell before cell switch when the candidate cell is also configured with additional PCI other than 0 or mTRP. 
[bookmark: _GoBack]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 TCI state(s) configured in current serving cell TCI state pool for ICBM/mTRP could be regarded identical as the LTM TCI state(s) configured for the same candidate cell from the perspective of TCI state activation and indication, as long as they are configured with same qcl-Type1 and qcl-Type2, 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 8: Specify enhancements for LTM configured with ICBM/inter-cell mTRP at the same time, e.g. unified TCI state activation/indication and TA indication for the LTM candidate cell.
3 Conclusion
In this paper, we provide our views on Rel-19 Mobility enhancements, and provide the following proposals:
Inter-CU LTM:
Proposal 1: Prioritize inter-CU LTM when DC is not configured in Rel-19. Consider inter-MN LTM with SCG release and inter-SN LTM with MCG unchanged for NR-DC cases, if time allows.
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;
· Layer-2 handling, including security update, layer-2 protocol reset, etc.
Proposal 3: To consider the subsequent LTM triggered by the network between inter-gNB candidates without candidate re-preparation in Rel-19.
Measurements related enhancements:
Proposal 4: Support measurements related enhancements for LTM, including:
· 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 (PCell/SCell) before LTM.
Conditional mobility enhancements:
Proposal 5: Not support UE-triggered mobility related enhancements in Rel-19.
RAN4 related enhancements:
Proposal 6: To specify RRM requirements for SCell switch/activation specifically for LTM in Rel-19.
Others:
Proposal 7: To specify enhancements to avoid data rate degradation during DAPS handover.
Proposal 8: Specify enhancements for LTM configured with ICBM/inter-cell mTRP at the same time, e.g. unified TCI state activation/indication and TA indication for the LTM candidate cell.
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