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1	Introduction
RAN#80 plenary approved a Work Item (WI) titled “Even further Mobility enhancement in E-UTRAN” to further enhance the mobility functions available in LTE Release 15[1]. One of the objectives of the WI is to:
	· 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]



In this paper, we discuss the radio link monitoring related aspects in LTE due to potential introduction of new enhanced mobility features.
2	Discussion
During the mobility procedures currently available in LTE Release 15 specifications, RLM is suspended (timer T310 is stopped, if running) on reception of handover command from the network. Handover procedure is performed when the signal quality of the source cell becomes weak and the signal quality of a neighbour cell become stronger thereby making the neighbour cell better suited to serve the UE. As a result, handover command is normally signalled to the UE when the source signal condition is weak. Additionally, there is good probability that the UE fails to perform handover due to inability to successfully receive the handover command from the network due to deterioration of the serving cell signal conditions. In order to reduce handover failures caused due to failure in receiving handover command, early handover provisioning using conditional handover mechanisms are also being discussed in RAN2. 

Observation 1: Handover command is signalled to the UE when the serving cell signal condition is weak and there is a chance of handover failure due to inability to receive the message successfully. 

When configured with enhanced make before break handover, the UE is expected to synchronize to the target cell and initiate random access procedure while the connection to source cell is still active, although the signal condition may still be weak. This raises two distinct possibilities of handover failure as the source cell may encounter RLF or the target cell may encounter handover failure. However, handover command is provided to the UE when it has been detected that the serving cell signal conditions are getting weaker and that the neighbour cell (target cell for handover) has a better signal conditions and thereby more suitable to serve the UE. Therefore, it is more probable to encounter radio link failure on the source cell as compared to that of handover failure on the target cell.  

Observation 2: The probability of radio link failure on source cell is higher than handover failure on target cell in eMBB handover.

Therefore, if the UE continues to perform radio link monitoring on the source cell during HO execution period, it is possible that the UE declares RLF on the source cell due to which UE has to abort HO execution on the target cell and will result in UE performing re-establishment procedure. This premature suspension of HO execution can be avoided if the UE does not initiate re-establishment procedure if radio link failure is detected on source cell while handover execution on target is still in progress, thereby allowing the UE to continue with handover execution on target cell without any interruption. An alternate way to achieve the same result is by suspending radio link monitoring on source cell when handover command is received. The objective of both these methods are similar and one does not appear to be better than the other. It is proposed to suspend radio link monitoring on reception of handover command as it is inline with behaviour defined in specification for existing mobility mechanisms. 

Observation 3: The result of suspending radio link monitoring on source cell on reception of handover command from the network, is similar to that of the UE not initiating re-establishment when RLF is declared on source cell while HO execution to target cell is in progress.   
Proposal 1: When UE is configured with release 16 Make-Before-Break (eMBB) HO, radio link monitoring on the source cell is suspended on receiving handover command. 

A conditional handover mechanism is being studied in order to improve the mobility robustness during handover, the details for which are covered in [2]. In such cases, the handover command is expected to be received much earlier than the intended time of handover. This is done in order to avoid handover failure due to UE not receiving handover command successfully. In such cases, it is not meaningful to stop radio link monitoring on reception of handover command from the network. Therefore, UE should continue radio link monitoring on the source cell when conditional handover is configured to the UE. When handover is being executed, facing an RLF on source cell results in premature failure of handover to target cell. Therefore, radio link monitoring on source cell should be suspended when handover execution is initiated. 

Proposal 2a: When UE is configured with conditional handover (CHO), radio link monitoring on the source cell is continued when handover command is received from the network. 
Proposal 2b: When UE is configured with conditional handover (CHO), radio link monitoring on the source cell is suspended when UE initiates handover execution to target cell based on the condition configured in the handover command.

It may be possible that MBB configuration is provided in conjunction with conditional handover. In such cases, the handover command is received earlier in time than the need to perform handover execution. During this time, the serving cell condition is expected to be sufficient to serve the UE and the neighbour cells may not be suitable to handle the UE under current signal conditions. If radio link monitoring for source cell is suspended in such cases, it is possible that the UE gets locked on to the serving cell without having a mechanism to recover from the link degradation and related issues when UE moves towards cell edge or out of coverage of the cell. Therefore, if make before break handover in combination with conditional handover, UE needs to continue RLM on the serving cell when handover command is received. However, the handover execution for a handover command received as make before break conditional handover still occurs when the serving cell signal conditions degrade and the neighbour cell becomes better suited to serve the UE further. In such cases, the probability of radio link failure on the source cell is expected to be higher than the probability of handover failure on the target cell as the target cell has satisfied the criteria required for handover. Therefore, it is proposed that a UE configured with make before break handover in conjunction with conditional handover suspends radio link monitoring on source cell when handover execution to target cell is initiated based on the condition configured in the handover command. 

Proposal 3a: When UE is configured with eMBB + CHO, radio link monitoring on the source cell is continued when handover command is received from the network.
Proposal 3b: When UE is configured with eMBB + CHO, radio link monitoring on the source cell is suspended when UE initiates handover execution to target cell based on the condition configured in the handover command.
 3	Conclusion
The contribution discussed RLM aspects related to release 16 mobility enhancements in LTE and the following observations and proposal are made.
Observation 1: Handover command is signalled to the UE when the serving cell signal condition is weak and there is a chance of handover failure due to inability to receive the message successfully. 
Observation 2: The probability of radio link failure on source cell is higher than handover failure on target cell in eMBB handover.
Observation 3: The result of suspending radio link monitoring on source cell on reception of handover command from the network, is similar to that of the UE not initiating re-establishment when RLF is declared on source cell while HO execution to target cell is in progress.   
Proposal 1: When UE is configured with release 16 Make-Before-Break (eMBB) HO, radio link monitoring on the source cell is suspended on receiving handover command. 
Proposal 2a: When UE is configured with conditional handover (CHO), radio link monitoring on the source cell is continued when handover command is received from the network. 
Proposal 2b: When UE is configured with conditional handover (CHO), radio link monitoring on the source cell is suspended when UE initiates handover execution to target cell based on the condition configured in the handover command.
Proposal 3a: When UE is configured with eMBB + CHO, radio link monitoring on the source cell is continued when handover command is received from the network.
Proposal 3b: When UE is configured with eMBB + CHO, radio link monitoring on the source cell is suspended when UE initiates handover execution to target cell based on the condition configured in the handover command.
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