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Introduction
In RAN4 #92bis meeting, the definition of conditional handover delay have been agreed in [1], which includes three phases. 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]For conditional handover, the followings agreements have been achieved in [1].
	· The starting point of the CHO procedure is from the end of the last TTI containing the RRC command carrying the CHO command. Handover delay is split into the following phases
Phase 0: CHO command RRC processing 
Phase 1: Measurement 
Phase 2: HO execution 
· From test case perspective, RAN4 shall follow RAN2 agreement that CHO execution does not trigger measurement report. 
· Handover delay is defined as:
DCHO = TRRC_1 + Tmeasure + TIU + TRRC_2 + Tprocessing + T∆
Where:
TRRC_1: First segment of RRC processing time to process CHO command.
TRRC_2: Second segment of RRC processing time, starts after UE realizes the condition is met and identity of target cell is determined
Tmeasure: from the end of CHO RRC command is successfully decoded (no later than TRRC_1) until [UE realizes a handover condition for CHO is met].
Tprocessing: is time for UE processing (same as existing requirement).
T∆: is time for fine time tracking and acquiring full timing information of the target cell (same as existing requirement).


The CHO delay is defined from the end of the last TTI containing RRC command carrying the CHO command to the initial PRACH transmission for target cell. The handover delay 
However, companies had different understanding on the definition of ‘CHO execution condition is met’.
Currently, RAN2 achieved the following agreements on conditional handover.
Agreements
1	From RAN2 perspective, both source and target can trigger the modification of CHO configuration, and leave the final decision to RAN3.
2.	When source configuration needs to be changed, it is up to network to update the UE stored CHO configurations so it remains valid. From RAN2 perspective, whenever source configuration needs to be changed, source sends the updated configuration to target if a new CHO configuration is needed and ask RAN3 to confirm.
3.	The handling of CHO configuration can be split into 2 steps as below and inform RAN4 about RAN2 agreements:
Step 1: Decode the RRCReconfiguration/RRCConnectionReconfiguration including source configuration, if present, and CHO execution conditions (both decode and configure upon reception of RRCReconfiguration/RRCConnectionReconfiguration).
Step 2: Apply the target cell configuration  (i.e. a stored RRCReconfiguration/RRCConnectionReconfiguration prepared for the selected target), the UE can only do this upon meeting the CHO execution condition for the cell.
In RAN2, it has been agreed to split the CHO configuration into 2 steps:
Step 1: Decode the RRCReconfiguration/RRCConnectionReconfiguration including source configuration, if present, and CHO execution conditions
Step 2: Apply the target cell configuration, the UE can only do this upon meeting the CHO execution condition for the cell.
The two steps correspond to the two segments of RRC processing as defined in RAN4. Hence, the first segment of RRC processing is to decode the RRCReconfiguration/RRCConnectionReconfiguration including CHO execution conditions, and the second segment of RRC processing is to apply the target cell configuration when the UE realizes that CHO execution condition is met for a target cell.
According to the agreements, there are three phases during CHO procedure. It is suggested that the UE is allowed to be interrupted since starting HO execution. When UE realizes that the CHO execution condition is satisfied, the UE needs to apply RRC reconfiguration for target cell, UE processing, fine time tracking and acquiring the first available PRACH occasion. Hence, the interruption time includes TRRC_2, Tprocessing, T∆ and TIU.
Proposal 1: For conditional HO, the handover delay DCHO and interruption time TCHO_interrupt can be defined as: 
DCHO = TRRC_1 + Tevaluation + TRRC_2 + Tprocessing + T∆ + TIU 
TCHO_interrupt = TRRC_2 + Tprocessing + T∆ + TIU
Where,
TRRC_1 is the RRC process time to decode a RRC message including CHO execution conditions.
TRRC_2 is the RRC process time to apply the target cell configuration indicated by the RRC message including CHO execution conditions for the selected target cell.
Tevaluation is the time period from the end of UE successfully decoding RRC message including CHO execution conditions until UE realizes the CHO execution condition is met for the target cell.
Tprocessing equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
TIU is the uncertainty time in acquiring the first available PRACH occasion
During CHO procedure, Tevaluation is defined as the time period from the end of successfully decoding RRC Reconfiguration including CHO execution conditions to UE realizes that the CHO execution condition is met for a target cell. During the time period Tevaluation, the UE shall start to perform measurement on CHO candidate cell(s) to evaluate whether CHO execution condition is met on a target cell. If an unkown target cell is indicated for CHO, then the cell detection time shall be considered into the time period Tevaluation. The total time due to cell detection time and L3 measurement can be considered as a measurement delay.
According to RAN2’s agreements, event A3/A5-like condition will be specified for CHO execution. In TS38.331, event A3 is defined as that neighbour becomes amount of offset better than serving. When event A3 has been satisfied for TTT duration, then the CHO execution condition is met and the UE would start to execute handover. The time period Tevaluation shall at least include measurement delay, and TTT. However, the channel condition that event A3 is not met could extend the time period Tevaluation. The delay due to channel condition not meeting event A3 need to be considered into the time period Tevaluation.
Proposal 2: For conditional HO, the time period Tevaluation includes the measurement delay and the uncertainty delay resulted when the selected target cell does not meet CHO execution condition, where 
· The measurement delay is up to one measurement period for a known target cell and up to cell identification time for an unknown target cell.
· The uncertainty delay shall at least be longer than the value of TTT configured for CHO execution conditions.
For legacy handover, the RRC processing time for RRC reconfiguration implying handover command is defined in TS 38.331. The RRC processing time includes RRC message decoding time and the RRC message applying time. The legacy HO command only contains the configuration information for one target cell. However, the CHO command contains the CHO execution conditions and configuration information for multiple candidate target cells. The information of CHO command will be much larger than the information legacy HO command. The UE may need a longer RRC processing time for decoding a RRC message containing CHO command. Besides, the definition of RRC processing time belongs to RAN2’ scope, and the RRC processing delay for Step1 and Step 2 are under discussion in RAN2. Hence, we suggest that the values of TRRC_1 and TRRC_1 could refer to RAN2’s conclusions.
Proposal 3: The values of TRRC_1 and TRRC_1 used in conditional HO delay requirements depend on RAN2’s conclusions on RRC processing delays for Step 1 and 2.

Conclusions
This contribution provides further discussion on the conditional handover requirements for NR mobility enhancements. The following are provided:
Proposal 1: For conditional HO, the handover delay DCHO and interruption time TCHO_interrupt can be defined as: 
DCHO = TRRC_1 + Tevaluation + TRRC_2 + Tprocessing + T∆ + TIU 
TCHO_interrupt = TRRC_2 + Tprocessing + T∆ + TIU
Where,
TRRC_1 is the RRC process time to decode a RRC message including CHO execution conditions.
TRRC_2 is the RRC process time to apply the target cell configuration indicated by the RRC message including CHO execution conditions for the selected target cell.
Tevaluation is the time period from the end of UE successfully decoding RRC message including CHO execution conditions until UE realizes the CHO execution condition is met for the target cell.
Tprocessing equals to 20ms for same FR handover, and equals to 40ms for inter-FR handover
T∆ is the time for fine time tracking and acquiring full timing information of the target cell
TIU is the uncertainty time in acquiring the first available PRACH occasion
Proposal 2: For conditional HO, the time period Tevaluation includes the measurement delay and the uncertainty delay resulted when the selected target cell does not meet CHO execution condition, where 
· The measurement delay is up to one measurement period for a known target cell and up to cell identification time for an unknown target cell.
· The uncertainty delay shall at least be longer than the value of TTT configured for CHO execution conditions.
Proposal 3: The values of TRRC_1 and TRRC_1 used in conditional HO delay requirements depend on RAN2’s conclusions on RRC processing delays for Step 1 and 2.
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