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1. Introduction

In the last RAN4 meeting, the WF on LTE femob was approved in [1]
	· On conditional handover solution

· The handover delay is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted.
· The methodology of defining handover delay for LTE conditional handover shall be aligned with that for NR conditional handover. 

· The number for each component in the handover delay will be discussed in the next meeting. 

· Note that T∆ is not included in Tinterrupt for LTE.




 In NR mobility enhancement WI, the WF was approved in [2], wherein the slide 4 in the WF is for information. The content in slide 4 is duplicated as below,
	The handover delay DCHO in CHO is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted. The interpretation of “handover condition is met” is:

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.
If option 1 is agreeable, then
DCHO = Ttrigger + Tinterrupt_CHO
Where:
· Ttrigger: is the delay from the time when condition is met to HO is actually executed:

 Ttrigger = TRRC, 1 + Tmeasure + TTTT


TRRC, 1 : CHO command RRC procedure delay. TRRC, 1 =0 if the time from when the CHO command until the time when the condition is met > RRC procedure delay, otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until the condition is met) 

Tmeasure: measurement cycle on the target frequency layer
 
TTTT: length of time-to-trigger window if configured
· Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell:

 Tinterrupt_CHO = TRRC_2 + Tinterrupt

TRRC_2: time to disconnect with the source cell, e.g. stop timer if running, release UL data compression configuration and etc 

Tinterrupt = Tsearch + TIU + 20+ T∆ (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working group)


 In this paper we continue to discuss the conditional handover requirement for LTE FeMob.
2. Discussion
· Starting point of the handover delay definition

It is agreed in the last meeting that handover delay DCHO in CHO is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted. The left issue is how to interpret “handover condition is met”. 
It is assumed that A3-like event is configured for handover condition. The handover requirement based on Option 1 in the WF can be illustrated as Figure 1. At T1, actual channel condition is met and according to option1 this point is regarded as the starting point of handover delay definition. At T2, UE obtained the L3 measurement result and at this moment UE realized A3 event is satisfied. The distance between T1 and T2 is less than one measurement period. Immediately after T2, TimeToTrigger window starts if TTT is configured. During the whole TimeToTrigger window, criteria for the event A3 needs to be met. When TimeToTrigger expires, the handover condition configured in CHO is considered to be satisfied at this moment. UE starts to execute handover to the selected target cell.
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Figure 1. CHO handover delay of option 1
Figure 1 is an ideal case. Figure 2 gives another case. At T1, actual channel condition is met. At T2, UE obtained the L3 measurement result and at this moment UE realized A3 event is satisfied. Immediately after T2, TimeToTrigger window starts. Before TimeToTrigger expires, the channel condition deteriorates and the condition of event A3 is not satisfied any more. At T4, channel condition becomes better again. 
In Figure 2, T1 can’t be regarded as the starting point of handover delay definition. While T4 is not predictable since the moment of “actual channel condition is met” is instantaneous. In other words, if option 1 is used, both T1 and T4 are the moments “when actual channel condition is satisfied”. It is ambiguous to define the point “when actual channel condition is satisfied”.
In comparison, the point (green point in Figure2) when the CHO condition is satisfied where UE realized the situation is a deterministic time instance that UE will execute handover to the target cell. Moreover the definition is simple and distinct.
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Figure 2. CHO handover delay of option 1 when channel condition changed
Consequently we suggest to use option 2, i.e., when the CHO condition is satisfied (green point in Figure 2) from UE perspective, as the starting point.
Proposal 1: Option 2, i.e., when the CHO condition is satisfied (green point in Figure 2) from UE perspective, can be used as the starting point for defining CHO handover delay.

· Handover delay definition
In option 2, the time for RRC procedure delay for CHO is not included in the handover delay. Both of at most one measurement period (regarded as an uncertainty) and the TTT time during which UE evaluates the HO condition are not included in the handover delay as well. All these behaviors happened before UE start to execute handover.
If option2 is agreeable then
DCHO= Tinterrupt_CHO
Where,
Tinterrupt_CHO =Tprocess_time+ Tiu+ 20

Tprocess_time: UE processing time, including delay for RF retuning, deriving target eNB specific keys, configuring security algorithm to be used in target cell. 
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.

Tinterrupt_CHO excludes the time for cell identification. So far only event A3/A5-like will be specified in RAN2 and other events will not be specified without clear justifications. Whether or when UE satisfy the CHO condition shall be based on the measurement results from serving and neighbour cells, thus the neighbour cells have been identified, i.e., the target cell is known.
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Figure 3. Handover delay of option2
Proposal 2: If option2 is agreeable then
DCHO= Tinterrupt_CHO
Where,
Tinterrupt_CHO =Tprocess_time+ Tiu+ 20

Tprocess_time: UE processing time, including delay for RF retuning, derive target eNB specific keys, configure security algorithm to be used in target cell.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.

3. Conclusions

This contribution provides the discussion on conditional handover delay requirements for even further mobility enhancement in LTE. The following proposals are provided: 
Proposal 1: Option 2, i.e., when the CHO condition is satisfied (green point in Figure 2) from UE perspective, can be used as the starting point for defining CHO handover delay.

Proposal 2: If option2 is agreeable then
DCHO= Tinterrupt_CHO
Where,
Tinterrupt_CHO =Tprocess_time+ Tiu+ 20

Tprocess_time: UE processing time, including delay for RF retuning, derive target eNB specific keys, configure security algorithm to be used in target cell.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
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