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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “NR mobility enhancements” to enhance the basic mobility functions available in NR Release 15[1]. One of the objectives of the WI is to:
	· 	To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited.  
· Conditional handover  
· Fast handover failure recovery 



In this paper, we take an objective look into different aspects involved in handover failure recovery and propose the enhancements that can be applied on NR.
2	Discussion
In last RAN2 meeting following agreements were reached for progressing the work on NR mobility enhancements [2]:
	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



A major reason for handover failure or UE encountering radio link failure on a cell is due to the failure to receive handover command from the network successfully. Early handover provisioning using conditional handover mechanisms are also being discussed in RAN2. The sequence of procedures that UE performs in order to recover from a radio link failure or from handover failure can be broadly classified as below:
Procedure 1:  RLF declaration 
Procedure 2:  Cell selection for RLF recovery 
 Procedure 3:  Target cell SIB1 acquisition
Procedure 4:  Transmission of re-establishment message 
Procedure 5:  Reconfiguration to re-establish RBs  

We take a further look on UE operation and potential enhancements to the above listed procedures in the later sections of this paper. 
2.1 RLF Declaration:
UE in connected state performs radio link monitoring in order to verify the sustainability of the serving cell. On receiving N310 counts of OUT_OF_SYNC indication from lower layers, UE starts timer T310 during which determines whether the radio link of the serving cell improves and can be recovered for continuing further operation. The UE may not successfully receive (or transmit) control information and data T310 is running. To reduce the service interruption during T310, early T310 termination mechanism based on Timer T312 is proposed in [3], according to which T312 is started on UE when a measurement report associated to a measurement id, which is configured with the use of T312 is triggered while T310 is running. 
Proposal 1: Adopt timer T312 based early radio link failure declaration in NR. 
2.2 Cell selection for RLF recovery:
On encountering radio link failure, the UE performs cell selection procedure in order to select a suitable cell to re-establish connection with the network. If suitable cell is selected while timer T311 is still running, UE attempts to re-establish RRC connection, otherwise it transitions to idle state. It is UE that decides the target cell for re-establishment based on the cell search order and cell’s quality. One way to reduce latency produced in this phased of handover failure recovery is for the network to assist the UE with the cell(s) on which UE can perform re-establishment on. This assistance information becomes useful only if the source cell (on which RLF is being triggered) have already prepared the potential target cell (on which a UE can perform re-establishment on) with the UE context prior to UE encountering RLF.  This means that UE has informed the network via measurement report about the presence of certain neighbour cells which in turn allows the network to proactively prepare the neighbour cell to accommodate for potential re-establishment from the UE.  The sequence of procedures and the signalling involved in order to support early preparation of target cells for re-establishment is observed to be similar to that of handover as also illustrated below. Therefore, there appears to be no strong reason for network to assist the UE with list of prepared cells. Instead, the network may rather chose to perform handover.


Observation 1: The impact to signalling, in order to assist the UE with list of prepared cells for re-establishment, is similar to that of handover. 

An alternative approach to this problem is to solve it using implementation methods. One such method to perform quick selection of target cell for handover failure recovery, for example, is by prioritizing the cells for which measurement report was sent to source cell. On receiving measurement report from UE, the source cell may have prepared the target cells with UE context.  UE can leverage this and attempt failure recovery on these cells. 

Proposal 2: Network assistance for quick selection of target cell for performing handover failure recovery is not introduced. Any enhancements for quick cell selection is left to UE implementation. 

2.3 Target cell SIB1 acquisition:
Once UE identifies a cell for performing handover failure recovery procedure, it first has to synchronize to the cell and acquire the necessary system information (MIB and SIB1 in this case), and then perform random access. Generally, the cell configuration is such that the occurrence of PRACH is much frequent than that of SIB1. Therefore, the UE is likely to skip multiple opportunities of performing random access prior to having an SIB1 being available to decode and can lead to significant delay in sending random access to the cell. This delay can be reduced if the UE is already aware of the configurations (at least cell selection related information to determine cell suitability and random access configuration to initiate transmission of re-establishment message to the target cell) in system information on this target cell prior to acquiring SIB1 on the cell. In order to facilitate this, network can assist the UEs with system information related to the neighbour cells via broadcast or dedicated signalling.

Observation 2: In order to initiate transmission of re-establishment message to the target cell, the UE is required to know only the target cell selection information and random access configuration on the target cell. 

Proposal 3: Source cell pre-provision UE with assistance information required for cell selection and random access on target cell selected by UE for re-establishment, avoiding SIB1 acquisition before re-establishment.

2.4 Transmission of re-establishment message:
When a suitable cell is selected for performing re-establishment of RRC connection and if T311 is still running on the UE, UE initiates random access procedure and T301 is stared. T301 is used in order to monitor and control the success/ failure of random access procedure and cannot be optimized. The other procedure that causes during this phase is the target cell trying to fetch UE context from source cell after successful reception of re-establishment request from the UE. The reduction in UE context retrieval time is possible if the UE attempts re-establishment on cells for which measurement report was sent to source cell. On receiving measurement report from UE, the source cell may have successfully prepared the target cell prior to UE encountering radio link failure. This can be handled using implementation as already seen section 2.2. Therefore, no enhancement is required to be considered for this phase of handover failure recovery. 

Observation 3: The procedures involved in transmission of re-establishment message to target cell and UE context retrieval by the target cell does not require enhancements. 

2.5 Reconfiguration message to re-establish RBs:
On successful retrieval of UE context from the source cell, the target cell (new serving cell) provides the UE with radio bearer configuration once the re-establishment process is completed. NR allows for RRC reconfiguration message (that carries configuration required to re-establish radio bearers and resume service on target cell) to be sent to UE prior to receiving response to the re-establishment message. Re-establishment message is only integrity protected while the reconfiguration message is both integrity protected and ciphered. Both these messages can be multiplexed as separate messages into a single MAC transport block. If the UE successfully verifies the integrity of the re-establishment message received from network, it can proceed to processing the PDU carrying reconfiguration message. 

As discussed in [4], the UE processes one message at a time in sequence.  Hence it processes the re-establishment message to completion, which involves delivering the re-establishment complete to the lower layers for transmission.  As the UE has not processed the Reconfiguration message containing the dedicated configuration yet, even if it has received it, the UE will still be using the default configuration at the time of delivery of the reestablishment complete message to lower layers. Since the UE is still using default configuration, it initiates random access again to send reestablishment complete to the network. Fixing this issue in release 15 would only be possible by non-backward compatible changes. Therefore, no changes were made to re-establishment message contents and issue exists in release 15 specification. As a result, there can be significant impact to interruption and delay in completing RRC re-establishment procedure. Therefore, it is desired to address this issue in release 16 but outside the scope of mobility enhancement WI. 

Proposal 4: Re-establishment message needs to be enhanced in release 16 but has to be handled outside of the scope of NR mobility enhancement WI. 

3	Conclusion
The contribution discussed enhancements to handover failure recovery for NR. Several factors that might affect the recovery process are discussed, and the following observations and proposal are made.
Observation 1: The impact to signalling in order to support early preparation of neighbour cells for re-establishment and provide assistance to UE on selecting these cells is similar to that of handover. 
Observation 2: In order to initiate transmission of re-establishment message to the target cell, the UE is required to know only the target cell selection information and random access configuration on the target cell. 
Observation 3: The procedures involved in transmission of re-establishment message to target cell and UE context retrieval by the target cell does not require enhancements. 
Proposal 1: Adopt timer T312 based early radio link failure declaration in NR. 
Proposal 2: Network assistance for quick selection of target cell for performing handover failure recovery is not introduced. Any enhancements for quick cell selection is left to UE implementation. 
Proposal 3: Source cell pre-provision UE with assistance information required for cell selection and random access on target cell selected by UE for re-establishment, avoiding SIB1 acquisition before re-establishment.
Proposal 4: Re-establishment message needs to be enhanced in release 16 but has to be handled outside of the scope of NR mobility enhancement WI. 
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