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1 Introduction
5G evolution network will be deployed with higher frequency band and lower frequency band in MR-DC/NR-CA mode to provide a better user experience. However, DAPS HO in NR-CA/MR-DC network is not supported in Rel-16 and Rel-17. In addition, mobility issues in RAN sharing network and the leftover issues from Rel-16 mobility enhancement WI need to be further studied and specify solutions in Rel-18.
In this contribution, we consider the motivations of mobility enhancement for FR1 and FR2 based on L1/L2/L3 solutions, and discuss how to study and specify solutions to resolve the issues in mobility scenarios.
2 L3 solutions to enhance mobility 
2.1 DAPS enhancement for MR-DC/MR-CA
The coverage of mmw gNB is smaller compared to the Sub-6G band, thus 5G evolution network will be deployed with higher frequency band and lower frequency band in MR-DC/NR-CA mode to provide a better user experience. For instance, 900MHz/2.1 GHz network is deployed for coverage and 26GHz network is deployed for capacity. As shown in the figure 1, when the 4K / 8K liveTV moves from region 1 to region 2, extremely low delay and high throughput need to be guaranteed to ensure a good live broadcast effect. For instance, 40Mbps/120Mbps is needed for 4K / 8K liveTV to upload data, and “0 ms HO” is necessary during a live broadcast.
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Fig.1 4K / 8K liveTV move from region 1 to region 2 in MR-DC and/or NR-CA
Observation 1: For 5G new service, service continuity and capacity should be guaranteed simultaneously in MR-DC/NR-CA network.
However, according to existing specifications, DAPS HO is not supported in NR-CA/MR-DC network. In the TS 38.300 V16.5.0 [1], it is noted that: 
“Only source and target PCell are used during DAPS handover. CA, DC, SUL, multi-TRP, NR sidelink configurations and V2X sidelink configurations are released by the source gNB before the handover command is sent to the UE and are not configured by the target gNB until the DAPS handover has completed (i.e. at source cell release)”. 
Thus, it is needed to study how resolve these issues.
Observation 2: According to existing specifications, DAPS HO is not supported in NR-CA/MR-DC network.
2.1.1 Support DAPS in FR1&FR2 NR-CA scenario
For NR-CA, UE cannot connect to the network with more than 2 carriers during DAPS HO, thus keeping Scell unchanged during DAPS handover can be supported in R18. In this scenario, UE capabilities need to be extended to support 3 or 4 carriers simultaneously. 
Proposal 1: Study and specify solution(s) to support DAPS in FR1&FR2 NR-CA network.

2.1.2 Support DAPS in FR1&FR2 MR-DC scenario

For MR-DC, solutions about keeping MN unchanged and inter-SN change or inter-SN change simultaneously with inter-MN change can be discussed. However, issues will be more complicated than NR-CA scenario due to 3 or 4 TRPs/panels are not supported in the network, which will put high demands on current gNBs and terminals.
Proposal 2: Study and specify solution(s) to support DAPS in FR1&FR2 MR-DC network.
2.2 Signalling overhead optimization for NR dense network
For mobile cameras/phones/VR devices, in order to meet high edge rates requirements (e.g. up to 160 Mbps for 8K videos), the mmw coverage range is about smaller than Sub-6G network in LOS scenario, and even smaller in NLOS scenario. So the 5G mmw network will be an ultra-dense network when coordinating with anchor stations. For ultra-dense scenario, frequent handover and cell reselection will consume lots of signalling overhead. As shown in figure 2, when the UE moves along within the area of multiple SNs, the delay and signalling overhead of SN Change also need to be optimized. 
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Fig.2 UE rapidly move through millimeter wave cells in dense network

Thus, we need to study and specify solution(s) to reduce network signalling overhead and improve HO/SCG change robustness especially considering challenges in 5G FR2 dense network.
2.2.1 Support Make-before-break for NR dense network
LTE mechanism MBB can reduce the handover interruption, even though it can’t achieve 0ms interruption as DAPS, but it can applied to single transceiver UE which the DAPS is not applicable to. 

Proposal 3: Study and specify MBB solution(s) in NR to reduce handover interruption for single transceiver UE.
2.2.2 Support RACH-less HO for NR dense network

RACH-less HO solution is specified for LTE network, which can be reused for NR dense network due to the significantly reduction of RACH signalling interaction processes during multiple SNs changes. Compared with DAPS HO solution, RACH-less HO solution cannot achieved “0” ms change for NR dense network, but it can reduce network signalling overhead for NR dense network with easier network implementations. And RACH-less can bring interruption reduction benefit for some scenarios, for inter-MN handover without SN change case, currently the UE should perform RACH on SN always for inter-MN handover no matter whether the SN changed or not. RACH-less mechanism if used can reduce the interruption for the PSCell not changed case due to the UE has already get DL/UL sync with the SN. And the single transceiver UE which the DAPS is not applicable to can apply RACH-less to reduce the interruption. Besides, RACH-less HO solution can co-exist with Make-before-break solution to provide better network experience. Thus, it proposed to specify RACH-less handover solution in R18 for NR dense network. 
Proposal 4: Study and specify RACH-less solution(s) to reduce network signalling overhead and reduce the interruption.

2.2.3 Support CHO-like solution for NR dense network
CHO solution is specified in Rel-16 for ToB NR scenario, it can enable UE to fast handover to the target cells by a preconfigured cell list. Compared with CHO solution, CHO-like solution is different due to the network doesn’t discard preconfigure SNs list during multiple SNs change, then fast activation/deactivation SNs can be triggered by MAC CE to reduce the SNs switching delay and signalling overhead. Thus, CHO-like continuous handover and fast handover failure recovery are also feasible solutions, by which the network can fast activate/deactivate the SNs based on preconfigured SNs list when the UE moves in ultra-dense FR1 and FR2 network. Besides, with CHO-like solution, HO/SCG change robustness can be improved based on fast handover failure recovery. Thus CHO-based (e.g. preconfigure a target cell list) continuous handover solution and fast activation/deactivation among SNs can be specified in Rel-18.
Proposal 5: Study and specify CHO-like (e.g. preconfigure a target cell list) continuous handover solution and fast activation/deactivation among SNs solution(s) to reduce network signaling overhead and improve HO/SCG change robustness, especially considering challenges in 5G FR2 dense network.
2.3 Mobility enhancement for 5G network sharing
In some countries, different operators share NR bands on both sides to achieve large bandwidth and high throughput. But during the establishment of RAN sharing network, some handover issues will occur due to different PLMNs/frequencies network coexist among different operators.
2.3.1 Support network sharing specific information in UE reselection or handover procedure
When the RAN sharing UE moves from the edge of the RAN sharing network, RAN sharing UE cannot fast reselect to the non-sharing network with the same PLMN (e.g. non-RAN-sharing network), while reselect to non-sharing network with the same frequency. This issue in MR-DC/NR-CA scenarios will lead to high reselect delay and the bad user experience. Thus solution(s) for RAN sharing UE to quickly re-select to the non-sharing network with same PLMN in MR-DC/NR-CA sharing network can be studied and specified in R18. For instance, support network sharing specific information and procedure in UE reselection or handover procedure for 5G RAN sharing, while limit the impact on 5G UE in the non-sharing network.
Proposal 6: Study and specify solution(s) for UE in RAN sharing network to quickly re-select to the same PLMN non-sharing network in edge of MR-DC/NR-CA network.

2.4 Further studied features based on R16/R17 normative work
2.4.1 Support CHO with NG interface or/and inter-RAT CHO
The work item on NR mobility enhancements in R16 mainly focus on CHO solutions based on with Xn interface. However, for FR1 and FR2 hybrid network, as Xn interface is not always available in some deployment scenarios, so CHO solutions with the gNBs without Xn interface or inter RAT are required to specify in R18. For example, to specify CHO with NG interface or/and inter-RAT (4G/5G/mmw) CHO solution(s).
Proposal 7: Specify and study solution(s) to enhance CHO with NG interface or/and support inter-RAT CHO.
2.4.2 Support CHO aligned with CPAC
The CHO and CPAC are specified in separately scenarios, it doesn’t allow configuring CPAC and CHO for one UE at the same time in R16. The topic of coexistence of CHO and CPAC has been raised in R17, but no discussion has been made, the leftover of the coexistence of CHO and CPAC can be further discussed in Rel-18.
Proposal 8: Specify and study solution(s) to support CHO aligned with CPAC.
2.4.3 Support CHO and/or CPAC aligned with DAPS
The CHO, CPAC and DAPS are specified in separately scenarios. The intention of CHO/CPAC is to improve the robustness of handover/PSCell change and the intention of DAPS handover is to achieve 0ms interruption handover. However in R16 the DAPS cannot work together with CHO, which will lead in that the UE can’t obtain both the benefit on handover robustness and interruption reduction at the same time, same as DAPS and CPAC. For NR network, it can be enhanced by aligning CHO and/or CPAC with DAPS in R18.
Proposal 9: Specify and study solution(s) to support CHO and/or CPAC aligned with DAPS.

2.4.4 Support inter-RAT PScell change
PScell change is only specified in intra-RAT, but inter-RAT PScell change is also need to specify to guarantee the UE experience in R18. For example, NR deployment would coexist with LTE widely for some time, it supports one UE configured from NR-DC to NR-DC or from NE-DC to NE-DC, but it doesn’t support one UE configured from NR-DC to NE-DC, vice versa. If the network wants to configure one UE from NR-DC to NE-DC, the network should first release the NR SN, and then configure one E-UTRAN SN to the UE. It doesn’t support direct inter-RAT SN change now. However, considering the possible un-continuous coverage of the NR cell or E-UTRAN cell, the network may need to configure the UE from one NR SN to E-UTRAN SN, direct inter-RAT SN change can reduce the PSCell change interruption.-Inter-RAT Pscell change will greatly help UE to maintain the throughput and delay performance. Thus inter-RAT PScell change solution need to be specified in R18.
Proposal 10: Specify and study solution(s) to support inter-RAT PScell change.

2.5 L1/L2 solutions to enhance mobility
2.5.1 Support L1/L2 triggered CHO

As C-RAN is widely deployed, gNBs are deployed synchronously (e.g. NR-CA or NR-DC deployed with synchronization), L1/L2 level mobility enhancement will bring the advantage on the reduction of latency associated with L3 control. With L1/L2 solution, the serving SN is expected to fast switch from source SN/Scell to target SN/Scell during the UE mobility. Compared with enhanced DAPS solutions, L2 solution is easier to implement when more than one SCG is configured and both intra-frequency and inter-frequency scenarios should be supported. Therefore, L1/L2 triggered CHO solution, which is based on pre-configuration of candidate cell(s),(i.e. intra-CU, incl. intra-/inter-DU), and UE-initiated cell switching with L1/L2 trigger can be enabled(i.e. UE activation of inter-cell TCI states).
Proposal 11: Specify and study solution(s) to support L1/L2 triggered CHO to enhance mobility in Rel-18.

3 Conclusion

In this contribution, we discuss some details about the motivation of mobility enhancement for FR1 and FR2 in R18, and we have the following proposals:

Proposal 1: Study and specify solution(s) to support DAPS in FR1&FR2 NR-CA network.
Proposal 2: Study and specify solution(s) to support DAPS in FR1&FR2 MR-DC network.
Proposal 3: Study and specify MBB solution(s) in NR to reduce handover interruption for single transceiver UE.
Proposal 4: Study and specify RACH-less solution(s) to reduce network signalling overhead and reduce the interruption.

Proposal 5: Study and specify CHO-like (e.g. preconfigure a target cell list) continuous handover solution and fast activation/deactivation among SNs solution(s) to reduce network signaling overhead and improve HO/SCG change robustness especially considering challenges in 5G FR2 dense network.

Proposal 6: Study and specify solution(s) for UE in RAN sharing network to quickly re-select to the same PLMN non-sharing network in edge of MR-DC/NR-CA network.

Proposal 7: Specify and study solution(s) to enhance CHO with NG interface or/and support inter-RAT CHO.
Proposal 8: Specify and study solution(s) to support CHO aligned with CPAC.
Proposal 9: Specify and study solution(s) to support CHO and/or CPAC aligned with DAPS.

Proposal 10: Specify and study solution(s) to support inter-RAT PScell change.

Proposal 11: Specify and study solution(s) to support L1/L2 triggered CHO to enhance mobility in Rel-18.
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