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Introduction
During the RAN4#92bis meeting Chongqing very good progress was achieved related to the NR mobility enhancement WI. During the meeting a WF [12] was agreed which captured the general agreement that NR and LTE CHO UE requirements will be based on the same frame work. In this paper we discuss the detailed UE timing requirements related to conditional handover (CHO) part of the WI based on the agreed WF [12]. 
Discussion
Several contributions were submitted for the RAN4#92bis meeting, discussing how to define the UE CHO requirement. Good progress was made, leading to agreeing on the requirements frame work for CHO captured in WF [12]:
· 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 defined as:
DCHO = TRRC_1 + Tmeasure + TIU + TRRC_2 + 20ms
Where RAN4 also agreed to the following:
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].
Based on these agreements the final delays need to be defined and specified.

CHO Delay requirements
Based on the agreements in RAN4#92bis RAN4 meeting, RAN4 now need to discuss and decide on the details of each of the latency components which are part of the CHO delay.
Some parts are new and specific for CHO while some can be assumed the same as in normal HO. It is assumed that for CHO the current definition of known cell for handover is kept unchanged from current. E.g. for FR1:
· In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.
What needs to be accounted during CHO which is not included in normal HO latency is the fact that the CHO can contain target cells which have not been reported to the network and which may not even be detected by the UE when receiving the CHO command. Hence, RAN4 requirements need to consider the situations where a configured CHO target cell:
· Is detected and measured and target cell conditions are fulfilled when configured
· Is detected and measured but target cell conditions are not fulfilled when configured
· Is not detected when configured
Next, the latency components will be discussed in more details.

Tmeasure discussion
Tmeasure will depend on the status of the configured CHO target cell. In most cases, especially if the CHO configuration is based on a received measurement report from the UE, the CHO target cells will be known. However, if the network choses to blindly configure the CHO, the configured CHO target cells may not all be known to the UE when configured. 
Tmeasure may contain following delay components depending on the conditions of the configured CHO target cell and the network configuration:
· Cell detection latency
· Condition uncertainty time (time from when CHO is configured and until a target cell condition is fulfilled)
· TimeToTrigger (TTT)
· L3 Filter
Tmeasure would need to allow a flexible delay between receiving the RRC command containing the CHO command and until UE executes the CHO. This delay needs to include the above components where the applicability of each delay would depend on the target cell conditions.
Each delay component of Tmeasure would be:
Cell detection: This is needed to allow the UE to detect and measure a potential configured target cell, if the UE has not yet detected the cell prior to receiving the CHO command. As baseline existing cell detection delay period should be used (Tidentify_intra and Tidentify_Inter) depending on the CHO configuration.
Condition uncertainty time: The time uncertainty from when the CHO is configured and until the initial condition set in CHO for the target cell is fulfilled (Tuncertainty).
TTT: As configured in the CHO
L3 Filter: As configured in the CHO.
Once the condition for executing the CHO is fulfilled (i.e. earliest after Tmeasure), the UE will execute the HO. At this point the UE will change to target cell in a similar manner as when the UE has received HO command for normal handover and the HO is executed.

TRRC_1
It is expected that this delay which is used for partial decoding of the RRC message including the CHO, would at most be same length as currently defined for normal HO. Hence, we expect TRRC_1 to be shorter than maximum RRC procedure delay defined in TS 36.331, which is assumed for non-CHO HO.
[bookmark: _Hlk23955285][bookmark: _Hlk23955349]TRRC_1 is shorter than maximum RRC procedure delay defined in clause12 in TS 36.331

TRRC_2
The TRRC_2 delay represents the second segment of RRC processing time and relates to the final decoding of the CHO command after the CHO condition is met for a given target cell. We expect TRRC_2 to be shorter than maximum RRC procedure delay defined in TS 36.331, which is assumed for non-CHO HO.
[bookmark: _Hlk23955371]TRRC_2 is shorter than maximum RRC procedure delay defined in clause12 in TS 36.331
TRRC_1 + TRRC_2 = TRRC_processing_delay (equals the maximum RRC procedure delay defined in TS 36.331

TIU
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. This delay is also needed for CHO. We believe that TIU will be the same as defined for current HO in worst case.
[bookmark: _Hlk23955393][bookmark: _Hlk23955416]TIU delay as defined for normal HO can be re-used for CHO.

UE Delay Requirements for CHO
Based on the above proposals we propose following baseline expression for defining the UE CHO delay requirements, assuming that the total overall RRC processing delay (TRRC_1 + TRRC_2) will equal the current RRC processing delay:
CHO delay requirements defined as:
Dhandover,CHO = TRRC_processing_delay + Tmeasure + Tinterrupt 
Where:
	Tmeasure = Tidentify + Tuncertainty + TTTT + TL3-filter
[bookmark: _Hlk20338108]Tinterrupt = TIU + 20 ms
The need for each delay component is conditioned and depends on when the UE receives the CHO command and the conditions of the target cell(s) included in the CHO command:
[bookmark: _Hlk20338164]TRRC_processing_delay is the overall time allowed for RRC decoding of the initial RRC command including the CHO command as well as further decoding of the RRC message once the CHO is triggered to be executed. This time equals the maximum RRC procedure delay defined in clause12 in TS 36.331.
Tidentify is the time needed for cell detection if the target cell included in the CHO has not been detected by the UE when the CHO command is received from the network. Tidentify depend on the target cell detection condition and equal one of: Tidentify_intra or Tidentify_Inter.
Tuncertainty is the time period from when UE has received and decoded the RRC command including the CHO command and until the initial condition for a configured target cell is fulfilled excluding Tidentify.
TTTT is the TTT as configured in the CHO by the network.
TL3 Filter is the L3 filter to be applied as defined by the network in the CHO command.
TIU is defined similar as for the existing HO requirements.
In [13] we have provided a CR capturing the UE delay requirements for CHO.

Conclusion
In this paper we discuss the final UE requirements related to conditional handover (CHO) for LTE based on the agreed WF [12]. As for the open latencies we propose following:
1. TRRC_1 is shorter than maximum RRC procedure delay defined in clause12 in TS 36.331
TRRC_2 is shorter than maximum RRC procedure delay defined in clause12 in TS 36.331
TRRC_1 + TRRC_2 = TRRC_processing_delay (equals the maximum RRC procedure delay defined in TS 36.331
TIU delay as defined for normal HO can be re-used for CHO.
And we propose following CHO delay requirement:
CHO delay requirements defined as:
Dhandover,CHO = TRRC_processing_delay + Tmeasure + Tinterrupt 
Where:
[bookmark: _Hlk23960117]	Tmeasure = Tidentify + Tuncertainty + TTTT + TL3-filter
Tinterrupt = TIU + 20 ms
TRRC_processing_delay is the overall time allowed for RRC decoding of the initial RRC command including the CHO command as well as further decoding of the RRC message once the CHO is triggered to be executed. This time equals the maximum RRC procedure delay defined in clause12 in TS 36.331.
Tidentify is the time needed for cell detection if the target cell included in the CHO has not been detected by the UE when the CHO command is received from the network. Tidentify depend on the target cell detection condition and equal one of: Tidentify_intra or Tidentify_Inter.
Tuncertainty is the time period from when UE has received and decoded the RRC command including the CHO command and until the initial condition for a configured target cell is fulfilled excluding Tidentify.
TTTT is the TTT as configured in the CHO by the network.
TL3 Filter is the L3 filter to be applied as defined by the network in the CHO command.
TIU is defined similar as for the existing HO requirements.
In [13] we have provided a CR capturing the UE delay requirements for CHO.
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