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Introduction
In RAN2 #105 meeting, Rel-16 mobility enhancement has been discussed and the following agreements were reached in RAN2 [2]:
Agreements
1	The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 
2	We prioritize on intra-NR handovers in this WID. 

And in Rel-15, how to realize ‘0ms’ UP interruption during HO in NR was discussed, and following preliminary agreements were made: 
	· The mobility enhancement similar to that discussed for LTE (“Maintaining Source gNB connection during handover”) should be considered also for NR.
· For DC (NR-NR), study how to reconfigure the UE from an MgNB to a SgNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR
· We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO



In this contribution, we provide the considerations on how the interruption time is reduced and the impact on user plane stack, bearer handling, security key handling, data forwarding and RLM of eMBB based handover. Additionally, the application scenarios of DC-based handover are analyzed in [1] .
Discussion
As indicated above, in current NR HO, the UE resets MAC and reestablishes PDCP upon receiving the HO command and thus communication with the source gNB is stopped. The UP interruption will happen until the UE receives the first packet from the target gNB. Make-Before-Break HO/SgNB change, which is introduced in Rel-14 LTE, is that maintaining source gNB/SgNB connection after reception of RRC message for handover or change of SgNB before the initial uplink transmission to the target gNB during handover or change of SgNB, as shown in the figure 1. Hence, only if RACH procedure is completed successfully, the source gNB stops the respective transmission to the UE. 


 
Figure 1 Procedure for MBB HO               Figure 2 Protocol stack in UE side for MBB HO
This solution can reduce data interruption during handover by not releasing the connection to the source gNB until handover is completed at the target gNB. Continuous transmission of user data from source cell well after handover procedure start can significantly improve the user experience. And the protocol stack for the source and the target gNB is displayed in Figure 2, the UE maintain two keys at the same time, which would not bring about confusions. Moreover, different to DC-based HO, the MBB HO does not need the role change procedure which demands much signaling messages. 
[bookmark: _Toc533191405]Potential Issues
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. 
Issue 1 Interruption due to RLM in source gNB
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.
Issue 2 Zero Interruption cannot be achieved in current LTE MBB mechanism
In LTE MBB, UE release connection with source just after UE sent the RACH preamble, which is before its connection with target is ready for packet transmission/reception. This cause the defined make-before-break in LTE cannot meet 0 ms interruption requirement. Hence, currently LTE MBB HO need to be enhanced to enable the UE can keep its connection with the source cell until it is able to receive packets from the target cell. For source cell, it should continue serve UE in parallel to forward data to target cell after sending HO command to the UE.
Issue 3 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 1: Based on current LTE defined MBB HO mechanism, there will be some enhancements needed to address the issue of interruption due to RLM in source gNB, to address the issue of Interruption of current LTE MBB mechanism, and to support Intra-PDCP function split in the UE side.
Observation 2: in summary, the characteristics of eMBB based approaches are provided as follows:
	Metric
	eMBB

	Total interruption time
	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, but further consideration needs to wait for RAN4’s LS response for the requirement.

	Protocol stacks  Complexity
	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
	For the user plane aspect, 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
	The NW complexity is 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
	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
	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 eMBB solution is more applicable for LTE, since LTE has not deploy the Dual Connectivity.

	Necessity of simultaneous RLM 
	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.



Proposal: it is proposed that RAN2 need take above observations into consideration during study the eMBB-based HO for 0ms HO/SCG change in NR network.
Conclusion
Based on the discussion mentioned above, in this contribution we have the following observations and proposal:
Observation 1: Based on current LTE defined MBB HO mechanism, there will be some enhancements needed to address the issue of interruption due to RLM in source gNB, to address the issue of Interruption of current LTE MBB mechanism, and to support Intra-PDCP function split in the UE side.
Observation 2: in summary, the characteristics of eMBB based approaches are provided as follows:
	Metric
	eMBB

	Total interruption time
	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, but further consideration needs to wait for RAN4’s LS response for the requirement.

	Protocol stacks  Complexity
	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
	For the user plane aspect, 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
	The NW complexity is 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
	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
	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 eMBB solution is more applicable for LTE, since LTE has not deploy the Dual Connectivity.

	Necessity of simultaneous RLM 
	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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