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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 for CHO. In this contribution we provide our views on RRM requirements for conditional handover.
Discussion
[bookmark: _GoBack]In this contribution we first briefly describe the legacy handover requirements and take those requirements as baseline to provide our views on the requirements for CHO.

Legacy or unconditional HO requirements:
In legacy or unconditional handover, when a UE receives a RRC message indicating handover, the UE shall be ready to start the transmission of new PRACH within Dhandover time from the end of the last TTI containing the RRC command. Dhandover equals the maximum RRC procedure delay (TRRC_delay) (as defined in clause12 of [2]) plus the interruption time (Tinterrupt). 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 

Conditional HO (CHO) requirements:
In CHO after receiving CHO command, UE may have to perform measurements and have to evaluate CHO condition configured in CHO command. To determine the components involved in CHO delay and to define CHO delay requirement, first RAN4 has to agree on the starting point for the conditional handover.

At the moment there were two options [1] considered in RAN4 for defining the CHO starting point.  They are, 
· Option 1:  The time when actual channel condition is satisfied (before UE realizes the condition)
· Option 2:  The time when UE realizes the condition is satisfied and HO is executed
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Figure 1: CHO condition evaluation procedure
In figure 1, an example of CHO condition evaluation procedure is shown. Where,
TRRC_delay, 1 is time required for message decoding and application.
TRRC_delay, 2 for stopping timers and detaching from serving cell.
TTT is the time to trigger as defined in TS 38.331
TTrigger is the time required for condition evaluation (time required for UE to evaluate and realize that CHO condition is met)
Tinterrupt, CHO is the interruption delay requirement, which is from the end of TRRC_delay, 2 to till UE starts transmission of the new PRACH.

From figure 1, handover delay equation for both options can be represented as follows.  

If option 1 is adopted, DCHO = TTrigger + TRRC_delay, 2 + Tinterrupt, CHO.
If option 2 is adopted, DCHO = TRRC_delay, 2 + Tinterrupt, CHO.

According to our understanding of RAN4#92 discussion, main difference between option 1 and option 2 is time taken for evaluating the CHO condition. In our view, in option 1, actual channel condition is met when UE take L3 measurements. CHO condition evaluation should not take any significant time from the time measurements are taken, which means TTrigger should be close to zero. To guarantee that TTrigger is close to zero, we support option 1.

Observation 1: In option 1, actual channel condition is met when UE take L3 measurements.

Whereas if we choose option 2, time taken for condition evaluation is not controllable since it is not part of delay requirement which may lead to some UE taking unreasonable/longer time for condition evaluation.. Considering CHO’s main aim is to improve the handover robustness, it is desirable to start the CHO execution as early as possible from the time actual channel conditions are satisfied. For both option 1 and 2 overall procedure is identical. Only difference is whether it is counted in the CHO procedure or not. To avoid unwanted UE behaviour of significant delay from the time channel condition is met, to the time UE evaluates channel condition (TTrigger) which may be there in option 2, we propose option 1 with TTrigger close to0 as the starting point for CHO execution. 

Proposal 1: Option 1, “the time when actual channel condition is satisfied”, can be the CHO starting point.
Proposal 2: CHO delay is defined as DCHO = TTrigger + TRRC_delay, 2 + Tinterrupt, CHO
Proposal 3: TTrigger should be close to zero. 

RRC procedure delay:

In RAN4#92 meeting it was agreed to divide RRC procedure delay into two parts that is TRRC_delay, 1 and TRRC_delay, 2. Since RRC reconfiguration delay for unconditional handover is 10ms [2], we can expect the same magnitude of delay for conditional handover also. Dividing the delay as agreed into two, in our view we can split 10 ms into TRRC_delay, 1 of 2ms and TRRC_delay, 2 of 8ms. 

Proposal 4: Define TRRC_delay, 1 = 2ms and TRRC_delay, 2 = 8ms

For defining Tinterrupt, CHO, CHO completion point was tentatively agreed as PRACH transmission point (same as legacy handover) in the last meeting. By taking the baseline equation of legacy interruption (Tinterrupt = Tsearch + TIU + Tprocessing + T∆ ms) as reference, RAN4 can define Tinterrupt, CHO = Tsearch, CHO + TIU, CHO + Tprocessing, CHO + T∆, CHO ms.  

Where,
Tsearch, CHO is the time required to search the target cell. Since unknown target cell is not supported for CHO, Tsearch, CHO=0.
TIU, CHO is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Actual value is FFS.
Tprocessing, CHO is the UE processing time. Actual value is FFS. 
T∆, CHO is time for fine time tracking and acquiring full timing information of the target cell. Actual value is FFS.

Tinterrupt, CHO = TIU, CHO + Tprocessing, CHO + T∆, CHO ms.

Proposal 5: Define Tinterrupt, CHO = TIU, CHO + Tprocessing, CHO + T∆, CHO ms and individual values are FFS
  
1. Conclusion
In this contribution we have discussed CHO delay requirements for NR mobility enhancements and made the following observations and proposals:
Proposal 1: Option 1 with TTrigger=0 is defined as CHO starting point.
Proposal 2: CHO delay is defined as DCHO = TRRC_delay, 2 + Tinterrupt, CHO
Proposal 3: TTrigger should be close to zero. 
Proposal 4: Define TRRC_delay, 1 = 2ms and TRRC_delay, 2 = 8ms
Proposal 5: Define Tinterrupt, CHO = TIU, CHO + Tprocessing, CHO + T∆, CHO ms and individual values are FFS
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