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Introduction
As part of NR mobility enhancements WI in Rel-16, to improve handover robustness, RAN2 agreed to introduce conditional handover (CHO). In previous RAN4 meetings discussion started to introduce RRM requirements. In this contribution we provide our views on RRM requirements for conditional handover.
Discussion
If we have to classify Rel-16 NR mobility enhancements WI, it is aimed at reduction in user data interruption during handover or SCG change and handover robustness improvements.
Currently in RAN2 for reduction in user data interruption during handover or SCG change [4], following identified solutions are being studied.
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover
Currently in RAN2 for handover robustness improvement [4], following identified solutions are being studied. 
· Conditional handover 
· Fast handover failure recovery

As per [3], when the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command. Where, Dhandover equals the maximum RRC procedure delay (TRRC_delay) to be defined in clause12 of [2] plus the interruption time. The interruption time (Tinterrupt) is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. In other words, total handover delay can be expressed as 
 				Dhandover = TRRC_delay + Tinterrupt 

In legacy or unconditional handover, since handover command comes after measurement report, UE do not need to perform any measurement or event evaluation. Whereas in CHO after receiving CHO command, UE may have to perform measurements and have to evaluate CHO condition configured in CHO command. To decide on the components involved in CHO delay and to define CHO delay requirement, first we have to agree on the starting point for the conditional handover.

[bookmark: _GoBack]At the moment what is the CHO condition met is not clear to us. In our preliminary understanding, CHO condition evaluation procedure may be similar to event based measurement report triggering procedure (of legacy or unconditional handover). It may contain L3 measurement, CHO entry condition evaluation and if CHO entry condition is met UE waits for TimeToTrigger (TTT) time (if configured) and re-evaluates the CHO entry condition. If the CHO entry condition holds after TTT (if configured), it is considered CHO condition met.   
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Figure 1: CHO condition evaluation procedure
In our view, as shown in figure 1, once the CHO condition received in RRC reconfiguration is available for CHO condition evaluation (i.e. after RRC procedure delay). CHO condition may be met immediately or it may take few measurement cycles for CHO condition to be met. Once CHO is met UE may not need any further measurements for CHO evaluation (to trigger CHO). In other words, once CHO is met the time required for performing measurements is not part of CHO delay requirement. Based on the above analysis, since CHO may be met after few measurement cycles, it is logical to consider CHO starting point as the point when CHO condition met.

Proposal 1: CHO starting point is defined as point when CHO condition is met. 

In our view RRC procedure delay need not be part of CHO delay requirement. In unconditional HO once RRC reconfiguration is received handover procedure will start, because of this handover delay includes RRC procedure delay. However in CHO, once CHO command is received, UE may have to perform measurements and perform CHO condition evaluation. Since CHO starting point is when CHO condition is met, typically performing measurements and CHO condition evaluation will take more than RRC reconfiguration delay. Therefore RRC procedure delay is not part of total handover delay for CHO. Further to simplify few things let’s assume that CHO command received in RRC reconfiguration is available at UE for evaluation after RRC procedure delay. Though some UE may apply RRC reconfiguration message earlier than RRC procedure delay, since we are defining minimum requirements, it’s not a very bad assumption in our view. 

Proposal 2: RRC procedure delay is not part of CHO delay requirement.


As shown in Figure 1, when CHO is met, next part of the procedure is HO execution. Handover execution delay requirement can be represented using Tinterrupt. 

As per above proposal, since CHO starting point is considered as the time when CHO condition is met (i.e. CHO delay requirement will not include RRC procedure delay, measurements delay and event trigger delay), DCHO = time required for HO execution; which can be written as DCHO = Tinterrupt.

Proposal 3: CHO delay is defined as DCHO = Tinterrupt

For defining Tinterrupt, completion point of the CHO has to be defined. According to RAN2 agreement [4] CHO completion point is sending RRC complete message to the target cell. If we see NR mobility enhancements as a whole, endpoint of the handover (CHO) may depend on following two scenarios.  

· CHO standalone without combining any interruption reduction solutions  
· CHO combined with interruption reduction technique(s) adopted in RAN2 (Handover/SCG change with simultaneous connectivity with source cell and target cell or Make-before-break or RACH-less handover)

Based on the above discussion we propose RAN4 to discuss which scenarios to be considered to define the CHO delay requirements. 

Proposal 4: Agree RRC complete message to target cell as CHO completion point.
Proposal 5: Further discuss which scenarios to be considered for CHO delay requirements definition.  
1. Conclusion
In this contribution we have discussed CHO delay requirements for NR mobility enhancements and made the following observations and proposals:
Proposal 1: CHO starting point is defined as point when CHO condition is met. 
Proposal 2: RRC procedure delay is not part of CHO delay requirement. 
Proposal 3: CHO delay is defined as DCHO = Tinterrupt.
Proposal 4: Agree RRC complete message to target cell as CHO completion point.
Proposal 5: Further discuss which scenarios to be considered for CHO delay requirements definition.  
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