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Introduction
In RAN4 #92 meeting, the starting point of conditional handover delay and the corresponding handover requirements have been discussed, however there was no conclusion achieved. 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 following two options on the start point of conditional handover delay were discussed.
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.
However, companies had different understanding on the definition of ‘CHO execution condition is met’.
According to RAN2’s agreements, cell level A3/A5-like condition will be specified for CHO execution. In TS38.331, the A3 condition is defined as that a neighbour cell becomes offset better than the serving cell and A3 event will be triggered when the A3 condition has been satisfied for a TTT duration. If the A3 condition has been satisfied for a duration shorter than TTT, the A3 event would not be triggered. Hence, the CHO event condition shall be met for a TTT time, then UE would start to execute handover.
Observation 1: The time point of ‘CHO execution condition is met’ is defined as the time point just after the CHO event has been satisfied for a TTT duration.
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Figure 1: Example 1 for conditional handover
As shown in Figure 1, UE receives CHO command at point A. A neighbour cell becomes offset better than the serving cell during the time between point B and point C. Then the neighbour cell becomes offset better than the serving cell again from point D. The length of duration between point B and point C is shorter than TTT, so the CHO execution condition is not met. The neighbour cell becomes offset better than the serving cell at point D and the A3 condition has been satisfied for a TTT duration at point F. Hence, in actual channel, the CHO execution condition is met at point F. According to option 1, the start point of conditional handover delay shall be point F.
However, the UE depends on L3 measurement results to decide whether the CHO execution condition is met. As shown in Figure 1, the measurement at point D’ is a L1 filtering result over the last one measurement period. During this measurement period, only partial duration has better channel quality. So, the measurement result at point D’ after L1 filtering may not meet the CHO event condition. During the next measurement period, the measurement result at point E would meet the CHO event condition. After TTT time, UE realizes that the CHO execution condition is satisfied at point G and starts to execute handover. According to option 2, the start point of conditional handover delay shall be point G.
Due to measurement procedure, the start point of CHO according to option 2 has a measurements delay compared with the start point of CHO according to option 1.
Observation 2: There is a measurement delay between the CHO starting point when the UE realized and the CHO starting point based on actual channel condition.
In [1], it has been agreed that the UE RRC processing time for CHO includes two segments. The first segment is immediately after RRC HO command reception, which includes CHO execution parameters loading. The first segment of UE RRC processing time is expressed as ‘RRC1’ in Figure 1. The second segment is after UE realizes the condition is met, which includes some operations only will be triggered when CHO is executed, e.g. stopping timers, SCG release. The second segment of UE RRC processing time is expressed as ‘RRC2’ in Figure 1.
It is assumed that the CHO candidate cells have been identified before UE receives CHO command. The UE would perform L3 measurement on these identified cells for mobility purposes even UE has not received CHO command. RAN4 shall study when UE starts to evaluate the CHO candidate cells. UE could obtain the CHO candidate cells and the corresponding execution parameters only after finishing the first RRC processing procedure.
Proposal 1: It is assumed that the UE starts to evaluate the CHO candidate cells after the UE finished the first RRC processing procedure.
Figure 1 shows one example for conditional handover procedure. The actual channel condition starts to meets the CHO event condition after UE finished the RRC processing of CHO command. However, in some case the actual channel condition meets the CHO event condition before UE receives CHO command. 
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Figure 2: Example 2 for conditional handover
As shown in Figure 2, a neighbour cell becomes offset better than the serving cell from point A. UE receives CHO command at point B and completes the RRC processing of CHO command reception at point C. So, UE shall starts to evaluate CHO candidate cells from point C. According to option 1, the start point of conditional handover delay shall be point D. However, due to measurement procedure, UE actually evaluate the CHO candidate cells from point C’. According to option 2, the start point of conditional handover delay shall be point E.
For example 1, the time difference between the two different starting points will not exceed two L1 measurement periods. For example 2, the time difference between the two different starting points will not exceed one measurement period.
UE only will start HO execution when UE realizes that the CHO execution condition is satisfied. The latter procedure includes the second segment of UE RRC processing time, UE processing time, the time for fine time tracking and the uncertainty time for acquiring the first available PRACH occasion.
Proposal 2: For conditional HO, the handover delay DCHO can be defined as: 
· According to option 1
DCHO = Tmeas_uncertainty + TCHO_interrupt
· According to option 2
DCHO = TCHO_interrupt
Where,
Tmeas_uncertainty is up to two L3 measurement periods.
Proposal 3: For conditional HO, the handover delay interruption time TCHO_interrupt can be defined as: 
TCHO_interrupt = TRRC2 + TUE_process + TIU + T∆
Where,
TRRC2 is the time for UE RRC processing time after CHO is executed.
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
Proposal 4: The start point of conditional handover is defined as the time when UE realizes the condition is satisfied.
For legacy handover, the RRC processing time defined in TS 38.133 is 16ms for RRC reconfiguration. The RRC processing time includes the PDSCH decoding time in physical layer and the protocol response time in high layer. Only when UE realizes that the CHO condition is met, UE would trigger the protocol response for handover. The second segment of UE RRC processing time is the protocol response time in high layer. In actual, the PDSCH decoding time is about 1ms~3ms. Then, the protocol response time in high layer could be 13ms~15ms. Hence, the second segment of UE RRC processing time can be defined as 15ms.
Proposal 5: The UE RRC processing time for CHO execution could be defined as 15ms.

Conclusions
This contribution provides further discussion on the conditional handover requirements for NR mobility enhancements. The following are provided:
Observation 1: The time point of ‘CHO execution condition is met’ is defined as the time point just after the CHO event has been satisfied for a TTT duration.
Observation 2: There is a measurement delay between the CHO starting point when the UE realized and the CHO starting point based on actual channel condition.
Proposal 1: It is assumed that the UE starts to evaluate the CHO candidate cells after the UE finished the first RRC processing procedure.
Proposal 2: For conditional HO, the handover delay DCHO can be defined as: 
· According to option 1
DCHO = Tmeas_uncertainty + TCHO_interrupt
· According to option 2
DCHO = TCHO_interrupt
Where,
TRRC2 is the time for UE RRC process time after CHO is excuted.
Proposal 3: For conditional HO, the handover delay interruption time TCHO_interrupt can be defined as: 
TCHO_interrupt = TRRC2 + TUE_process + TIU + T∆
Where,
TRRC2 is the time for UE RRC processing time after CHO is excuted.
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
Proposal 4: The start point of conditional handover is defined as the time when UE realizes the condition is satisfied.
Proposal 5: The UE RRC processing time for CHO execution could be defined as 15ms.
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