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1. Introduction 
In RAN2#105, the following agreement was made to consider the below evaluation criteria for comparing mobility enhancements solutions.
Agreements

1	Solution proposals should consider at least the following evaluation criteria: 
	- Mobility robustness 
	- Interruption time
2	Other criteria to be considered are: 
	- Applicable deployment scenarios 
	- Signalling overhead 
	- Specification effort 
	- UE/network complexity

In this document, we outline the possible solutions that can be discussed as part of the New WI “NR mobility enhancements” [1] to reduce mobility interruption time. We also provide a comparison of the key metrics  to conclude on the preferred solution to be considered for Rel. 16 NR mobility enhancements WI phase.
2. Discussion
In traditional Handover, on receiving the HO message, the UE detaches from source cell and stops data transmission on the source cell while synchronizing to the target cell. This results in data interruption of > 0ms, as per the definition of mobility interruption time from [2]:
7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.
This KPI is for both intra-frequency and inter-frequency mobility for intra-NR  mobility
This mobility interruption time can be reduced to 0ms, if simultaneous connectivity with the source cell is supported while establishing the target cell connection during handover.
[bookmark: _Ref985056][bookmark: _Hlk532898284]Observation 1. Simultaneous connectivity with source cell while establishing the connection to the target cell is required to support 0ms mobility interruption during handover.
2.1 [bookmark: _Hlk983001]Solutions summary 
Below are the two possible solutions to support simultaneous connectivity during HO.
· Make-Before-Break (MBB) HO - This is an enhanced version of Rel 14 MBB (make-before-break) HO. 
· DC Role Switch (DCRS) based HO - This solution leverages the simultaneous connectivity aspect of DC feature and enhancements are considered (SCG to MCG role switch) to support 0ms mobility interruption when used for HO. 
[bookmark: _Ref985061]Observation 2. One possible solution for simultaneous connectivity during HO is to adopt and enhance the LTE Rel.14 Make-before-break (MBB) HO solution in NR.
[bookmark: _Ref985067]Observation 3. Another possible solution for simultaneous connectivity during HO is to use the Dual Connectivity feature with Role Switch (i.e. MN change via role switch of SCG to MCG) during handover (DCRS based HO).
2.2 Signaling overhead
As described in the MBB HO control paper [3], the MBB HO procedures consider the traditional HO signaling procedures as the baseline. Some changes to the signaling procedures are required to indicate the UE to support MBB HO, and, also to indicate the UE when to release the source cell connection.
[bookmark: _Ref985088][bookmark: _Ref985204]Observation 4. MBB HO procedure leverages the traditional HO signaling and requires the below additional changes:
· indicate the make-before-break-HO in RRC Reconfiguration message sent to the UE to initiate MBB HO
· indicate the release of the source cell connection to the UE
As discussed in the DCRS based HO control paper [4], the Rel.15 DC procedures do not support the change of SCG to MCG without any mobility interruption. Thus, some enhancements to DC procedures are necessary to support role switch without interruption in case of Intra-CU and Inter-CU gNB HO. In case of an Intra-CU HO, role switch procedure is mainly to inform the UE to consider the target cell as the master cell group. However, in case of an inter-CU HO, role switch procedure is necessary between the source and target cell to transfer the UE RRC context in addition to the indication to the UE to change the master cell group. 
Also, as discussed in [4], to provide flexibility and seamless role switch procedure, restriction on the master cell group to be 0 always should be modified and allow any cell group id to be assigned as the master cell group Id.
[bookmark: _Ref985099][bookmark: _Ref985268]Observation 5. DCRS based HO procedure leverages the DC signaling and requires the below additional changes:
· indicate the dcrs-based-HO in the RRC Reconfiguration message sent to add the target cell as the SCG to initiate DCRS based HO
· Support Role Switch of target cell from SCG to MCG without interruption
· Remove the restriction on the Master Cell Group Serving cell ID to be 0 always and allow flexibility to configure any Cell Group Id to be the Master Cell Group.
2.3 Security key change handling 
As discussed in the user plane papers for MBB HO [5] and DCRS based HO [6], during an Inter-CU handover, the UE moves from a source cell connected to a source CU to a target cell connected to a target CU resulting in PDCP anchor change. To avoid L2 entity reset due to PDCP anchor change, i.e. security key change, we propose changes to support common PDCP entity that can handle data tx/rx on both source cell and target cell simultaneously during MBB HO and DCRS based HO. 
[bookmark: _Ref985107]Observation 6. UE PDCP security key handling optimizations to support 0ms mobility interruption time during an inter-CU HO are necessary for both MBB HO and DCRS based HO solutions.
2.4 Mobility interruption time improvement
According to the mobility interruption time definition in [2], the user plane data (i.e. the PDCP packets) should be transmitted without any gaps during mobility from one gNB to another gNB to support 0ms interruption. However, whether a UE can tx/rx data in slot n with source gNB and in slot n+1 with target gNB without any gaps is dependent on the factors below:
· Type of handover
· Intra-Freq or Inter-freq HO
· Intra-CU or Inter-CU HO
· Sync vs async HO
· UE RF chain capabilities (Ex: Dual Rx/Dual Tx, Dual Rx/Single Tx, Single Rx/Single Tx RF Chains)
· UE RF chain capabilities impact which type of handover can be supported with 0ms HO
· UE L2 stack implementation 
· NW implementation of the lossless HO features 
Considering these multiple factors, it should be noted that it is not always possible to achieve 0ms mobility interruption time. These factors are applicable for both MBB HO and DCRS based HO, as both solutions require simultaneous connectivity with the source cell and the target cell.
[bookmark: _Ref985112]Observation 7. Mobility interruption time improvement for both MBB HO and DCRS based HO is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario, i.e., the ability of the UE to maintain simultaneous Tx and Rx chains during the mobility event.
2.5 Key metric comparison
We have summarized a comparison of the MBB HO and DCRS based HO key metrics in the below observation. 
[bookmark: _Ref985122]Observation 8. Below is a table comparing the key metrics for MBB HO and DCRS based HO:
	Metric
	MBB HO 
	DCRS based HO 

	Mobility Robustness
	Enhancements to HO failure handling during MBB HO, i.e. fallback to the source connection when MBB HO fails instead of triggering an RRC Re-establishment, improves the mobility robustness
	Fallback to the source connection when DC Role switch procedure fails instead of triggering an RRC Re-establishment improves the mobility robustness

	Mobility Interruption Time 
	Improvement to the Mobility interruption time is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario. RAN4/RAN1 to provide the achievable interruption time for different HO cases.
	Improvement to the Mobility interruption time is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario. RAN4/RAN1 to provide the achievable interruption time for different HO cases.

	Signaling overhead
	Low complexity of overall signaling (as MBB HO leverages the existing HO signaling with some additional changes)
	Additional signaling complexity to introduce role switch procedure during Inter-CU HO

	Specification impact
	Minimal specification impact
	More specification impact to specify the additional role switch procedure

	Deployment scenario (Coverage)
	Suitable for both source gNB and target gNB co-located similar coverage deployment, co-located/non-collocated overlapping coverage deployment scenarios
	More beneficial (typically used) for co-located/non-collocated overlapping coverage deployment scenario

	Deployment scenarios (Types of HO)
	Suitable for Intra-Freq/Inter-Freq HO in the below cases:
· Intra CU mobility via F1 (across DUs sharing a common CU)
· Intra RAT or Inter-RAT mobility via Xn (across LTE and NR nodes with shared Xn interface)
· Intra-RAT or Inter-RAT mobility via N2 (across LTE and NR nodes with common 5GS (also possible with N26))
	Suitable only for Inter-Freq HO (Intra-Freq DC not supported in NR Rel.15) 
Suitable only to RAN topologies with Xn support or common CU (where DC is allowed)


	UE/Network Upper layer handling complexity
	Lower complexity than DCRS based HO
	More complexity than MBB HO to handle the additional role switch procedure 


[bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]As summarized in the observations above, it can be noted that the signaling overhead, UE/Network upper layer handling complexity, and, specification impact to support DCRS based HO is relatively more than the MBB HO due to the role switch procedure. However, the mobility interruption time reduction achievable will be comparable for both solutions based on the UE RF chain capabilities and the HO scenario. 
The main drawback of DCRS based HO is the restriction on the deployment scenarios where DC feature can be supported. As summarized in the table, DC is restricted to Inter-Freq deployments only and thus DCRS based HO can be used for Inter-Freq HO only. If we have to support Intra-Freq HO using the DCRS based HO solution, then it should be discussed whether NR-DC should be extended to support Intra-Freq DC sync and async cases as well. As Make-Befor-Break (MBB) HO solution can be supported for both Intra-Freq and Inter-Freq HO, enhancing DC to support Intra-Freq HO is not necessary.  
Considering these deployment scenario restrictions of DCRS based HO, there are two possible ways to adopt these solutions for mobility enhancements. We think it is necessary for RAN2 to discuss and provide clarification on which option to consider for the New WI “NR mobility enhancements” [1] WI phase.
· Option 1: Support MBB HO as the only solution for supporting simultaneous connectivity during HO
· Option 2: Support both MBB HO and DCRS based HO solutions and define in the specification explicitly which solution is suitable under which deployment scenario/conditions, as listed below
· MBB HO – can be used for any type of HO
· DCRS based HO – used only for Inter-Freq HO (with Co-located/Non-collocated overlapping coverage of the source gNB and target gNB via Xn or a common CU)
[bookmark: _Ref985129]Proposal 1. RAN2 should discuss and agree on one of the below options as the solution to improve mobility interruption time during HO in NR Rel.16:
· Option 1: Support MBB HO as the only solution
· Option 2: Support both MBB HO and DCRS based HO solutions and define in the specification explicitly which solution is suitable under which deployment scenario/conditions, as listed below
· MBB HO – can be used for any type of HO
· DCRS based HO – used only for Inter-Freq HO (with Co-located/Non-collocated overlapping coverage of the source gNB and target gNB via Xn or a common CU)
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. Simultaneous connectivity with source cell while establishing the connection to the target cell is required to support 0ms mobility interruption during handover.
Observation 2. One possible solution for simultaneous connectivity during HO is to adopt and enhance the LTE Rel.14 Make-before-break (MBB) HO solution in NR.
Observation 3. Another possible solution for simultaneous connectivity during HO is to use the Dual Connectivity feature with Role Switch (i.e. MN change via role switch of SCG to MCG) during handover (DCRS based HO).
Observation 4. MBB HO procedure leverages the traditional HO signaling and requires the below additional changes:
· indicate the make-before-break-HO in RRC Reconfiguration message sent to the UE to initiate MBB HO
· indicate the release of the source cell connection to the UE
Observation 5. DCRS based HO procedure leverages the DC signaling and requires the below additional changes:
· indicate the dcrs-based-HO in the RRC Reconfiguration message sent to add the target cell as the SCG to initiate DCRS based HO
· Support Role Switch of target cell from SCG to MCG without interruption
· Remove the restriction on the Master Cell Group Serving cell ID to be 0 always and allow flexibility to configure any Cell Group Id to be the Master Cell Group.
Observation 6. UE PDCP security key handling optimizations to support 0ms mobility interruption time during an inter-CU HO are necessary for both MBB HO and DCRS based HO solutions.
Observation 7. Mobility interruption time improvement for both MBB HO and DCRS based HO is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario, i.e., the ability of the UE to maintain simultaneous Tx and Rx chains during the mobility event.
Observation 8. Below is a table comparing the key metrics for MBB HO and DCRS based HO:
	Metric
	MBB HO 
	DCRS based HO 

	Mobility Robustness
	Enhancements to HO failure handling during MBB HO, i.e. fallback to the source connection when MBB HO fails instead of triggering an RRC Re-establishment, improves the mobility robustness
	Fallback to the source connection when DC Role switch procedure fails instead of triggering an RRC Re-establishment improves the mobility robustness

	Mobility Interruption Time 
	Improvement to the Mobility interruption time is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario. RAN4/RAN1 to provide the achievable interruption time for different HO cases.
	Improvement to the Mobility interruption time is dependent on the Tx/Rx chain capabilities of the UE and the type of handover scenario. RAN4/RAN1 to provide the achievable interruption time for different HO cases.

	Signaling overhead
	Low complexity of overall signaling (as MBB HO leverages the existing HO signaling with some additional changes)
	Additional signaling complexity due to role switch procedure during Inter-CU HO

	Specification impact
	Minimal specification impact
	More specification impact to specify the additional role switch procedure

	Deployment scenario (Coverage)
	Suitable for both source gNB and target gNB Co-located similar coverage deployment, Co-located/Non-collocated overlapping coverage deployment scenarios
	More beneficial (typically used) for Co-located/Non-collocated overlapping coverage deployment scenario

	Deployment scenarios (Types of HO)
	Suitable for Intra-Freq/Inter-Freq HO in the below cases:
· Intra CU mobility via F1 (across DUs sharing a common CU)
· Intra RAT or Inter-RAT mobility via Xn (across LTE and NR nodes with shared Xn interface)
· Intra-RAT or Inter-RAT mobility via N2 (across LTE and NR nodes with common 5GS (also possible with N26))
	Suitable only for Inter-Freq HO (Intra-Freq DC not supported in NR Rel.15 and no plans in Rel.16) 
Suitable only to RAN topologies with Xn or common CU (where DC is allowed)


	UE/Network Upper layer handling complexity
	Lower complexity than DCRS based HO
	More complexity than MBB HO to handle the additional role switch procedure 



Proposal 1. RAN2 should discuss and agree on one of the below options as the solution to improve mobility interruption time during HO in NR Rel.16:
· Option 1: Support MBB HO as the only solution
· Option 2: Support both MBB HO and DCRS based HO solutions and define in the specification explicitly which solution is suitable under which deployment scenario/conditions, as listed below
· MBB HO – can be used for any type of HO
· DCRS based HO – used only for Inter-Freq HO (with Co-located/Non-collocated overlapping coverage of the source gNB and target gNB via Xn or a common CU)
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