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Introduction
Conditional HO (CHO) is being introduced in Rel-16 LTE FeMob as a method to increase HO reliability and robustness in which source cell delivers RRC command for HO when UE channel conditions are stable in advance of possible deterioration. The RRC command configures UE with a list of target cell candidates and conditions to handover to them for which UE can continuously monitor and evaluate. Upon satisfying the first of the conditions, UE starts executing HO. 
In previous RAN4#90-Bis meeting, RRM requirements for CHO was discussed [1]. This paper presents our views on CHO delay and interruption requirements.
Discussion
Figure 1 shows the timeline of legacy HO in which HO delay is defined from the end of the last TTI containing RRC command until when UE is ready to start transmission of uplink PRACH channel. During this interval, the interrupt time is defined as:

where  is the time required to search the target cell when the target cell is not known,  is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell and UE processing delay is 20 ms. Hence, 




Figure 1 Legacy HO timeline

With this baseline definition, conditional HO timeline is illustrated in Figure 2. Since target cell is known in CHO and its handover condition is assessed by UE,   as it was also observed and proposed in [1]. Hence,  is removed from interrupt region in Figure 2. 
Proposal 1.  in CHO.


Figure 2 CHO timeline
In our view, the RRC processing delay should be broken into two segments in CHO and cannot be considered to be completely exhausted upon the receipt of the RRC command. Clause 5.3.5.4 of [2] lists all the actions UE shall take upon receipt of the RRCConnectionReconfiguration related to legacy HO. The delay corresponding to message validation and execution of some of the steps listed in clause 5.3.5.4 should be included and accounted from the end of the last TTI containing the RRC command. However, many steps in this clause cannot be executed until the first condition specified in the CHO command is met since:
· only in that instance of time the identity of the target cell is known
· UE can prematurely declare RLF if some of the steps are executed as it is possible that the conditions configured in CHO command are never met

The following lists some of the steps that can only be executed after condition for HO is met:
1. Stop timers (T310, T312, T370) if running 
2. If timer T309 is running, stop it and alleviate access barring
3. Acquire the MasterInformationBlock in the target PCell
4. Release UL data compression configuration 
5. PDCP re-establishment as needed
6. Apply the SCell configuration at the target cell (activation/deactivation/dormant) 
7. Apply the value of the newUE-Identity as the C-RNTI
8. Apply the radio configuration procedure (both the common and the dedicated configuration) 
9. Perform lower layers configuration 
10. Perform SCell release at the source cell if exit
11. Perform SCG reconfiguration if configured for the target cell 
12. Derive security Key or update existing ones as needed 
13. If EN-DC is configured, EN-DC release to be performed
14. Apply NR RRC Reconfiguration (as a secondary group) if provided 
15. Perform the measurement related actions
16. Perform the measurement identity autonomous removal as specified in 5.5.2.2a of [2]
17. Release reportProximityConfig and clear any associated proximity status reporting timer
18. Perform the dedicated WLAN offload configuration procedure
19. Release LWA / LWIP configuration if configured at source cell
20. Configure LWA / LWIP configuration if provided at target cell
21. Perform the V2X sidelink communication dedicated configuration procedure if provided

Observation 1. Many steps in clause 5.3.5.4 [2] cannot be executed until the first condition specified in the conditional HO command is met since:
· only in that instance of time the identity of the target cell is known 
· UE can prematurely declare RLF if some of the steps are executed as it is possible that the conditions configured in CHO command are never met

Proposal 2. RRC processing delay to be broken into two segments; one to begin from the end of the last TTI of RRC command as in legacy HO (DRRC,1) and another to begin from the time UE assesses the condition specified in CHO command is satisfied (DRRC,2). Length of each segment is FFS. 
Another subject to discuss in CHO is the reference point which handover delay  should be defined. In [1], it was proposed to use the same reference point (i.e., the end of the last TTI containing the RRC command) as the start timestamp and then define the delay as 

where  is the time from receipt of HO command to when UE starts execution of HO. While this proposal has the advantage of having an explicit reference starting point, it is not possible to define a maximum possible value for  in real-life as it depends on the channel conditions of the source cell and target cells. For instance, it is also possible for conditional HO to never be executed and UE falls back to source cell. 
Observation 2. For defining handover delay, using the same reference start point as legacy HO (i.e., last TTI of RRC command) prevents capping handover delay with a maximum value as the uncertainty related to the delay in which UE begins CHO execution depends on the channel conditions of the source cell and target cells.
In our view, the reference start point which should be used for defining the CHO delay is the TTI in which UE determines conditions are met and HO execution begins. This eliminates the need for the term  in the above and can be designed to be a deterministic point in performance tests. In Figure 2, UE assesses the condition for HO is met after some delay related to its processing. Next, remaining steps of RRC processing is executed after which UE releases the source cell and goes through an interruption interval until it connects with the target cell.
Proposal 3. The reference start point which should be used for defining the CHO delay is the TTI in which UE determines conditions are met and HO execution begins.
With this definition, handover delay in CHO can be defined as 


Where  corresponds to the second part of RRC processing as discussed above and is UE processing delay. The values of  and are FFS and subject to further RAN4 study.
Proposal 4. Handover delay in CHO to be defined as 


Where  corresponds to the second part of RRC processing and is UE processing delay. The values of  and are FFS and subject to further RAN4 study.
Conclusions
Proposal 1.  in CHO.
Observation 1. Many steps in clause 5.3.5.4 [2] cannot be executed until the first condition specified in the conditional HO command is met since:
· only in that instance of time the identity of the target cell is known
· UE can prematurely declare RLF if some of the steps are executed as it is possible that the conditions configured in CHO command are never met

Proposal 2. RRC processing delay to be broken into two segments; one to begin from the end of the last TTI of RRC command as in legacy HO (DRRC,1) and another to begin from the time UE assesses the condition specified in CHO command is satisfied (DRRC,2). Length of each segment is FFS. 
Observation 2. For defining handover delay, using the same reference start point as legacy HO (i.e., last TTI of RRC command) prevents capping handover delay with a maximum value as the uncertainty related to the delay in which UE begins CHO execution depends on the channel conditions of the source cell and target cells.
Proposal 3. The reference start point which should be used for defining the CHO delay is the TTI in which UE determines conditions are met and HO execution begins.
Proposal 4. Handover delay in CHO to be defined as 


Where  corresponds to the second part of RRC processing and is UE processing delay. The values of  and are FFS and subject to further RAN4 study.
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