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1 Introduction

As mentioned in the WID [RP-181475] of even further mobility enhancement in E-UTRAN, one possible solution to support 0ms interruption during handover is to keep simultaneous connectivity with both source and target eNB. 

	The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

· Work Phase, to specify the chosen solution(s)


In this contribution, we will discuss the possible enhancement for the handover failure handling based on the simultaneous connectivity as well as conditional handover.
2 Discussion  
2.1 Background 
In legacy LTE, the handover procedure may be failed due to the expiration of the following timer: 

· T304 expiration

As shown in Table 1, timer T304 starts when UE receives the RRC connection reconfiguration message during the handover preparation and stops when RRC reconfiguration is successfully complete. During T304 running period, UE performs synchronisation to the target eNB (if RACH-less HO is configured) or synchronize/access to the target cell by initiating a random access procedure (if RACH-less HO is not configured). After then if the T304 expires (handover failure), UE will initiate the RRC connection re-establishment procedure. 
	Timer
	Start
	Stop
	At expiry

	T304
	Reception of RRCConnectionReconfiguration message including the MobilityControl Info or

reception of MobilityFromEUTRACommand message including CellChangeOrder
	Criterion for successful completion of handover within E-UTRA, handover to E-UTRA or cell change order is met (the criterion is specified in the target RAT in case of inter-RAT)
	In case of cell change order from E-UTRA or intra E-UTRA handover, initiate the RRC connection re-establishment procedure; In case of handover to E-UTRA, perform the actions defined in the specifications applicable for the source RAT.


Table1: The working mechanism of T304
· T310/T312 expiration
Another timer applied during handover is T312, which will be started once the measurement report triggered and while T310 is running. T310 and T312 is mainly for radio link monitoring of source serving cell. Upon the HO command is received, T310 and T312 will be stopped. During handover, if T310 or T312 expires, UE initiate the connection re-establishment procedure.
	Timer
	Start
	Stop
	At expiry

	T310


	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated and the UE is not a NB-IoT UE that supports RRC connection re-establishment for the Control Plane CIoT EPS optimisation: go to RRC_IDLE else: initiate the connection re-establishment procedure 

	T312


	Upon triggering a measurement report for a measurement identity for which T312 has been configured, while T310 is running
	Upon receiving N311 consecutive in-sync indications from lower layers, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon the expiry of T310
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure


Table 2: The working mechanism of T310 and T312

As discussed above, we can see that the handover failure will eventually lead to a RRC connection re-establishment procedure in legacy handover.
Observation 1 The legacy handover failure will lead a RRC connection re-establishment procedure.
2.2 Failure handling for simultaneous connectivity

In legacy handover, UE will release the protocol stack with the source cell when the HO command is received. T310 and T312, which used for monitoring the radio link for source cell, is stopped naturally upon UE disconnect with source cell. 
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Figure 1: Legacy handover timer working mechanism
However, if UE keeps simultaneous connectivity with source and target during handover, as shown in Figure 2, the connection with source cell is kept during handover execution. If the UE follows the legacy procedure, there would be no radio link monitoring for source eNB (i.e., both T310 and T312 has already been stopped by handover command). It is questionable that whether this is correct considering the connection with source cell is still active and it is more straightforward to keep the radio link monitoring active.
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Figure 2: Example for simultaneous connectivity with source and target
Observation 2 According to the legacy procedure, there is no timer for source eNB radio link monitoring after HO command is received.
Proposal 1 For simultaneous connectivity, RAN2 discuss whether radio link monitoring for source cell connection is needed if source cell connection is kept active after handover command delivery.
Furthermore, if simultaneous connectivity is supported during handover, the connection between UE and source eNB will be kept during HO execution. By following the legacy handover, once UE failed to access to target cell, RRC reestablishment will be triggered due to handover failure when the connection between UE and source eNB is alive. To avoid unnecessary reestablishment, UE can fall back to the connection with source eNB instead of initiating the RRC connection reestablishment if handover failure occurs.
Observation 3 If UE keeps the connectivity with source eNB during handover execution, there is no need to initiate an RRC connection re-establishment procedure when handover fails.
On the other hand, if source cell RLF happens during UE accessing to the target cell, the RRC connection re-establishment can be ignored until UE stops accessing to the target cell (either successful access or handover failure). If UE successfully access to the target cell, the connection between UE and target cell will be kept; otherwise the RRC connection re-establishment will be triggered due to handover failure.

Observation 4 If UE is accessing to the target cell, there is no need to initiate a RRC connection re-establishment for source cell RLF.
Proposal 2 For simultaneous connectivity, RRC connection re-establishment is only triggered upon both source cell and target cell radio link failure. 
Proposal 3 For simultaneous connectivity, UE can fall back to the source cell when handover failure occurs as long as source cell RLF does not happen. 
2.3 Failure handling for conditional handover
For conditional handover, which has been agreed during last meeting, multiple candidate target cells may be configured by network. And the definition for conditional handover failure may be differ:

· Option 1: Follow the legacy way, once UE access to the target cell unsuccessfully, assume handover failure and UE trigger the RRC-reestablishment.

· Option 2: Handover failure for a single target cell does not trigger the RRC re-establishment procedure, and UE can try another configured target cell (condition fulfilled) to access.
Proposal 4 For conditional handover configured with multiple target cells, UE can try another condition-fulfilled target cell if the previous access fails.
On the other hand, for conditional handover, the connection between source cell and UE is kept until the handover execution. Thus the radio link monitoring for source cell is naturally required for conditional handover with pre-HO-command. However, it not clear to reuse the legacy T312/T310 or introduce a new timer for source cell radio link monitoring.
Proposal 5 For conditional handover, RAN2 discuss the source cell radio link monitoring is achieved by the legacy T312/T310 or introduce a new timer.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The legacy handover failure will lead a RRC connection re-establishment procedure.
Observation 2
According to the legacy procedure, there is no timer for source eNB radio link monitoring after HO command is received.
Observation 3
If UE keeps the connectivity with source eNB during handover execution, there is no need to initiate an RRC connection re-establishment procedure when handover fails.
Observation 4
If UE is accessing to the target cell, there is no need to initiate a RRC connection re-establishment for source cell RLF.


Based on the observations, we propose:
Proposal 1
For simultaneous connectivity, RAN2 discuss whether radio link monitoring for source cell connection is needed if source cell connection is kept active after handover command delivery.
Proposal 2
For simultaneous connectivity, RRC connection re-establishment is only triggered upon both source cell and target cell radio link failure.
Proposal 3
For simultaneous connectivity, UE can fall back to the source cell when handover failure occurs as long as source cell RLF does not happen.
Proposal 4
For conditional handover configured with multiple target cells, UE can try another condition-fulfilled target cell if the previous access fails.
Proposal 5
For conditional handover, RAN2 discuss the source cell radio link monitoring is achieved by the legacy T312/T310 or introduce a new timer.
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