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Introduction
In RAN4 #91 meeting, the conditional handover requirements were discussed. In this contribution, we provide the further discussion on the conditional handover requirements in NR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In last meeting, the solution of conditional handover was considered for NR mobility enhancement. The definition of conditional handover delay was discussed and it was agreed in [1] that the conditional handover delay DCHO is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted.
For conditional handover, RAN2 achieved the following agreements:
Agreements
2	The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	On cell level A3/A5-like CHO execution condition shall be specified (other events will not be specified without clear justifications)

Agreements
1:	Separate CHO execution condition(s) can be configured for each individual candidate cells.
2	Define a CHO execution condition by the measurement identity which identifies a measurement configuration. (FFS to be addressed in stage 3 which parts of the measurement configuration are used for the CHO triggering)
3	As a baseline CHO can be triggered based on a condition consisting of a single event, single RS type, single quantity.
3.1	The single trigger quantity can be configured to be RSRP, RSRQ or RS-SINR
3.2	The single RS type can be configured to be SSB or CSI-RS
FFS Whether multiple triggering conditions are required.
Network configures one or more CHO candidate cells and could configure separate CHO execution condition(s) for each candidate cells. In RAN4, it is suggested that the CHO handover delay is defined from the time when one candidate cell meets the corresponding handover condition(s). Events A3/A5 could be configured as CHO condition for a CHO candidate cell.
However, in RAN4, companies have different understanding on the time when conditional handover condition is met [2].
Option 1: the time when actual channel condition is satisfied (before UE realizes)
Option 2: the time when UE realizes the condition is satisfied and HO is executed.
Actually, UE decides whether to start handover to target cell based on the measurement results. The starting point based on option 2 always occurs after the starting point based on option 1. The time difference between the two different starting points will be discussed under several cases.
In the following cases, it is assumed that event A3 CHO execution condition is configured to UE with A3-offset and TTT.
For case 1, after UE received CHO command at point A, event A3 was triggered at point B and the condition of event A3 was satisfied with TTT time at point D. The time period between point A and B is enough for RRC processing time and measurement period. If option 1 is selected, the starting point of CHO condition shall be point D. If option 2 is selected, the starting point of CHO condition shall be point E. The time difference between point D and point E depends on the measurement uncertainty and does not exceed one measurement period.


Figure 1: Example for CHO in case #1
For case 2, before UE received CHO command at point B, event A3 was triggered at point A and the condition of event A3 was satisfied with TTT time at point C (with considering the channel quality before UE received CHO command). There will be a RRC processing time after UE received the CHO command. Then, the UE starts to perform evaluation on candidate cell(s) and decide whether the candidate cell meets the CHO condition. If option 1 is selected, the starting point of CHO condition shall be point C. If option 2 is selected, the starting point of CHO condition shall be point E and UE need to execute HO procedure at point E. The time difference between point C and point E shall consider the RRC processing time, measurement uncertainty and TTT configuration.


Figure 2: Example for CHO in case #2
For case 3, before UE received CHO command at point B, event A3 was triggered at point A and the condition of event A3 was satisfied with TTT time at point D (only considering the channel quality after UE received CHO command). However, there will be a RRC process time after UE received the CHO command. Then, the UE starts to perform evaluation on candidate cell(s) and decide whether the candidate cell meets the CHO condition. If option 1 is selected, the starting point of CHO condition shall be point C. If option 2 is selected, the starting point of CHO condition shall be point E and UE need to execute HO procedure at point E. The time difference between point D and point E shall consider the RRC processing time and measurement uncertainty.


Figure 3: Example for CHO in case #3
UE only will start HO execution when UE realizes that the CHO condition is satisfied, and the latter procedure is similar as legacy handover. For CHO, the candidate cell is assumed as known cell and cell search time shall not be considered. As discussed in previous meeting, some operations only will be triggered when CHO is performed, e.g. stopping timers, SCG release. The time for high layer processing need to be considered. If the definition of CHO starting point is based on option 2, the CHO handover delay only needs to include high layer processing delay, UE processing time, the time for fine time tracking and the uncertainty time for acquiring the first available PRACH occasion. However, if the definition of CHO starting point is based on option 1, then an addition time, i.e. the time difference between the two types of starting points, shall be included. Based on the above analysis, the time difference between the two types of starting points depends on the scenario and would be different in each case, which will make the CHO handover delay requirements to be complicated. 
Proposal 1: The start point of conditional handover is defined as the time when UE realizes the condition is satisfied.
Proposal 2: For conditional HO, the handover delay DCHO and interruption time Tinterrupt can be defined as: 
DCHO = Tinterrupt = ThighLayer_process + TUE_process + TIU + T∆
Where,
ThighLayer_process is the time for high layer processing, which depends on RAN2’s decision.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
TIU is the uncertainty time in acquiring the first available PRACH occasion
T∆ is the time for fine time tracking and acquiring full timing information of the target cell

Conclusions
This contribution provides further discussion on the conditional handover requirements for NR mobility enhancements. The following are provided:
Proposal 1: The start point of conditional handover is defined as the time when UE realizes the condition is satisfied.
Proposal 2: For conditional HO, the handover delay DCHO and interruption time Tinterrupt can be defined as: 
DCHO = Tinterrupt = ThighLayer_process + TUE_process + TIU + T∆
Where,
ThighLayer_process is the time for high layer processing, which depends on RAN2’s decision.
TUE_process equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
TIU is the uncertainty time in acquiring the first available PRACH occasion
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
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