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Introduction
In RAN2#105bis meeting, the relevant intermediate conclusions are achieved as follows [1]:
	Agreements
1	The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)
2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.
3	We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).



And in RAN2#106 meeting, some agreements were reached as the follows [2]:
Agreements

1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered


Agreements
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 	
3	There is a point in time where the UL PUSCH switches from source to target.

This contribution aims to provide a full picture of comparison between non DC-based HO and DC-based HO, which can help to provide the final decision on the down-selection from these two solutions.
Discussion
Potential solutions
As indicated above, the follows are three potential candidates for implementing 0ms interruption time:
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
In the following sections, about the potential solutions of DC-based HO and non-DC based (MBB) HO will be elaborated for the target of 0 ms UP interruption. 
Control plan 
Additional signaling for PCell change for DC solution
In LTE, if PCell needs to be changed, a handover procedure should be executed with RACH procedure and L2 reset which will cause interruption. In NR, to avoid interruption, enhancements for PCell change should be considered, during role change between M-gNB and S-gNB. Actually, if SgNB is changed to be MgNB, there is no need for the UE to perform RACH as it has already synchronized with the new MgNB when it worked as the SgNB. Furthermore, L2 reset/re-establishment is not required for the UE. As the cells in M-gNB and S-gNB are activated in parallel, data transmission can continue and no interruption occurs during role change. 
Additional signaling for non-DC solution
In addition to the traditional HO signaling, an indication to indicate the make-before-break-HO in RRC Reconfiguration message in required.

Possible interruption due to RLM in source gNB for non-DC solution
If the radio link quality becomes bad before the target gNB is ready, this would force the UE to declare RLF since that would trigger RRC Connection Re-establishment, which leads the UP interruption. Hence, RLM for the source gNB needs to be suspended until the end of handover. Impact on uplink transmission should be evaluated if the UE still sends uplink signal in bad radio link quality due to suspension of RLM. And to address this issue, more than one level thresholds for handover may be setting.

User plan
PDCP relocation for DC solution
When UE moves from source cell to target cell, PDCP is relocated, accompanied with path switch procedure towards CN. Then the UE anchor is changed from source gNB to target gNB. 
In order to support lossless handover, PDCP SN continues during HO when PDCP is relocated. The SN Status Transfer procedure and data forwarding is sent following RRC Connection Reconfiguration message. UE accessing to target cell and data forwarding can be performed in parallel. Generally, the SN STATUS TRANSFER message can only be generated after the source gNB stopping the data transmission. If simultaneous Tx/Rx operation with source gNB and target gNB is supported, how to perform SN status transfer and data forwarding at the source gNB, which simultaneously performs data transmission with UE, should be considered. 
One baseline behavior to perform PDCP relocation through split bearer to MCG bearer change. Similar as current HO procedure, UP protocol is reset including PDCP re-establishment, RLC reestablishment and MAC reset. Although the interruption due to UP protocol reset is several microseconds and negligible, 0ms interruption can’t be achieved with this baseline behavior. The security key for target gNB can be used after UP reset. To address this, some enhancements are needed, for example, to perform PDCP relocation without UP protocol stack reset at the UE side. And one problem with this solution is that UE doesn’t know when to apply the new security key for the target gNB. One potential solution is that a time duration or the number of PDCP PDUs applying the old key corresponding to the source gNB is pre-defined or informed to UE. UE complexity to avoid UP protocol reset is concerned and needs further evaluation. 
This requires that the UE monitor both source and target links simultaneously. To continue the data transmission with the source gNB, the difference from current HO is that the UE should continue sending CSI and HARQ feedback to the source gNB. 
Intra-PDCP function split in MBB mechanism
For eMBB, the UE establishes and maintains an independent protocol stack for the target gNB including PDCP entity, which is more like DC 3B proposed in DC SID phase. Since the UE has established the independent PDCP for the target gNB, before the PDCP is relocated from the source to the target gNB, PDCP SDUs with SN assigned by the source gNB can be forwarded by the source gNB to the target gNB, then the target gNB ciphers the PDCP SDUs by its PDCP layer. To address the security issue, the UE shall maintain two keys simultaneously during HO procedure, one for the source gNB and the other for the target gNB, and it can use the corresponding key for deciphering based on which cell the PDCP packet is from. At the same time, eMBB needs to conduct intra-PDCP function split which increases the complexity. Based on above discussion, it can be observed that: 
Observation: Based on above analysis, a full picture of comparison table between the DC-based and non-DC approaches is provided as follows:
	Metric
	DC-based
	MBB

	Total interruption time
	0ms interruption time for both UL and DL from L2 point of view. 
	0ms UP interruption time and RF interruption time for both UL and DL can be achieved since UE keeps connection with source gNB until successfully accessed to the target gNB.

	RF requirements 
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time; Single Tx/Rx chains  may be close to 0ms
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time; Single Tx/Rx chains  may be close to 0ms

	Signaling overhead
	to introduce role switch procedure during HO
	Low complexity of overall signaling, UE follows most of the legacy HO procedure, with minor indication.

	Protocol stacks  Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And an indication to differentiate the security context is needed in PDCP. 
	UE shall keep two sets of protocol stacks (for SRB, DRB) for source gNB and target gNB respectively. The PDCP layer further splits into two separated (de)compression and (de)ciphering functionality and a unified SN assignment and reordering / duplication detection functionality.

	UE Complexity
	Support of Split bearer function. And the PDCP needs to keep two security keys and two ROHC contexts in a certain period. For the control plane, UE follows most of the DC procedure.
	UE shall be able to maintain two sets of keys and ROHC profiles. For the control plane, UE follows most of the legacy HO procedure.

	NW Complexity
	Support of Split bearer function. lts bearer defined in intra-NR DC can be basically re-used, where two GTP tunnels are required to reduce the downlink interruption due to data forwarding.
	To enable the source gNB continue data transmission/reception upon the handover command, until the target gNB is ready;
Impact on the data forwarding on Xn interface.

	Security  Complexity
	One security key needs to be maintained as in DC. 
And there may be security key ambiguity issue during the role change for the UE.
	Two sets of keys need to be maintained at the UE side, one for source gNB and the other for target gNB.

	PDCP Function Complexity
	The PDCP reordering function in the source gNB is used to reorder PDCP PDUs from both source gNB and target gNB.
The enhancement for the PDCP relocation is needed.
	A tentative PDCP reordering function is used to reorder PDCP PDUs delivered from the PDCP entities in both source gNB and target gNB;
This option doesn’t need UP protocol reset for PDCP relocation at the network side.

	Applicable deployment scenarios
	The intra-NR DC deployed scenarios 
	The eMBB solution is more applicable for LTE, since LTE has not deploy the Dual Connectivity.

	Necessity of simultaneous RLM 
	The RLM procedures defined in intra-NR DC can be reused.
	The simultaneous RLM is not required for simultaneous connectivity.  RLM should be either based on target once the UE has camp on target cell or UE perform RLM on both links and declare RLF only when both links are RLF.



Conclusion
Observation: Based on above analysis, a full picture of comparison table between the DC-based and non-DC approaches is provided as follows:
	Metric
	DC-based
	MBB

	Total interruption time
	0ms interruption time for both UL and DL from L2 point of view. 
	0ms interruption time for both UL and DL from L2 point of view.

	RF requirements 
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time; Single Tx/Rx chains  may be close to 0ms
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time; Single Tx/Rx chains  may be close to 0ms

	Signaling overhead
	to introduce role switch procedure during HO
	Low complexity of overall signaling, UE follows most of the legacy HO procedure, with minor indication.

	Protocol stacks  Complexity
	Split bearer defined in intra-NR DC can be basically re-used. And an indication to differentiate the security context is needed in PDCP. 
	UE shall keep two sets of protocol stacks (for SRB, DRB) for source gNB and target gNB respectively. The PDCP layer further splits into two separated (de)compression and (de)ciphering functionality and a unified SN assignment and reordering / duplication detection functionality.

	UE Complexity
	Support of Split bearer function. And the PDCP needs to keep two security keys and two ROHC contexts in a certain period. For the control plane, UE follows most of the DC procedure.
	UE shall be able to maintain two sets of keys and ROHC profiles. For the control plane, UE follows most of the legacy HO procedure.

	NW Complexity
	Support of Split bearer function. lts bearer defined in intra-NR DC can be basically re-used, where two GTP tunnels are required to reduce the downlink interruption due to data forwarding.
	To enable the source gNB continue data transmission/reception upon the handover command, until the target gNB is ready;
Impact on the data forwarding on Xn interface.

	Security  Complexity
	One security key needs to be maintained as in DC. 
And there may be security key ambiguity issue during the role change for the UE.
	Two sets of keys need to be maintained at the UE side, one for source gNB and the other for target gNB.

	PDCP Function Complexity
	The PDCP reordering function in the source gNB is used to reorder PDCP PDUs from both source gNB and target gNB.
The enhancement for the PDCP relocation is needed.
	A tentative PDCP reordering function is used to reorder PDCP PDUs delivered from the PDCP entities in both source gNB and target gNB;
This option doesn’t need UP protocol reset for PDCP relocation at the network side.

	Applicable deployment scenarios
	The intra-NR DC deployed scenarios 
	The eMBB solution is more applicable for LTE, since LTE has not deploy the Dual Connectivity.

	Necessity of simultaneous RLM 
	The RLM procedures defined in intra-NR DC can be reused.
	The simultaneous RLM is not required for simultaneous connectivity.  RLM should be either based on target once the UE has camp on target cell or UE perform RLM on both links and declare RLF only when both links are RLF.
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