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Introduction
During the RAN4#92 meeting Ljubljana some further progress was achieved related to the NR mobility enhancement WI. In this paper we further discuss the UE requirements related to conditional handover (CHO) part of the WI based on the agreed WF [9]. Additionally, as the work ongoing in the LTE related WI LTE_feMob we also lean on the WF [10] agreed related to this WI.
Discussion
Several contributions [1 - 8] were submitted for the RAN4#92 meeting, discussing how to define the UE handover requirement for Conditional Handover (CHO). Some progress was made, although only one concrete agreement was made:
· Agreement: Conditional handover does not add additional monitoring frequency layers, cells, and SSBs on top of existing Rel-15 UE measurement capability.
However, during the meeting another related WI on LTE mobility enhancement, was also discussed. One solution on the table in this WI is also CHO. For the LTE WI following was agreed:
· Agreement: That PRACH is the ending pointing for condition handover will be further discussed if the problem is identified.
I.e. it was agreed that the ending point of the CHO from RAN4 point of view would be when the PRACH is transmitted in the target cell – in a similar manner as used for defining the existing handover delay requirements – unless such approach is not technically feasible.

End point for NR CHO delay requirement
As discussed, the CHO for LTE and NR are procedure wise very similar. We therefore expect that the CHO delay requirements for LTE and NR could also be rather similar, especially for FR1, while FR2, which does not apply for LTE, would need to account for the FR2 specific delays. However, we believe the end point for the NR CHO delay requirement can be defined similar as was agreed for LTE CHO.
PRACH can be used as ending point also when defining the NR CHO handover delay requirements.
We propose to apply similar agreement also for NR CHO requirements. Hence, the ending point for CHO in NR is when the UE transmits PRACH on the target cell.
For NR CHO the CHO delay is until the UE is ready to start the transmission on the new uplink PRACH channel in the target cell.

CHO Delay requirement definition principle
During the Ljubljana meeting a number of delay proposals were presented. However, when looking at how to define the CHO delay requirements it became obvious that defining from when the CHO delay should start, was where companies had different understandings.
One approach used by many companies was to start out with the existing handover delay requirements as baseline. The current HO delay requirements are:
Dhandover = TRRC_processing_delay + Tinterrupt
Where:
Tinterrupt = Tsearch + TIU + 20 + T∆ ms
For CHO requirements, RAN4 would need identify and discuss each delay component present for CHO (which may or may not be similar to non-CHO) and evaluate each to determine the minimum UE requirement for each component. However, we propose to use existing HO delay requirements expression as baseline for defining the CHO HO delay requirements:
[bookmark: _Hlk16807731]Use similar approach as existing HO delay requirement expression as baseline for developing the CHO delay requirements.

Dhandover discussion
Assuming similar definition as in legacy, and that the RRC processing delay would always be needed, re-using the existing handover delay definition is possible:
Dhandover = TRRC_processing_delay + Tinterrupt
Where TRRC_processing_delay is the RRC processing time (TRRC_1 delay in the figure) and Tinterrupt is:
Tinterrupt = Delay 1 + TRRC_2 + Delay 2
The principle is illustrated in Figure 1.
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Figure 1 Illustration of one possible conditional handover timeline

Initially, the network will send an RRC reconfiguration message including the CHO command. This message may or may not be based on a received UE measurement report. In any case, the CHO command can contain a target cell which has been measured and reported recently, measured and reported some time ago, measured by the UE but not reported to the network or not measured by the UE at all. I.e. the target cell in a CHO command may include known or unknown cell or cells.
The target cell in a CHO command may include known or unknown.
Independently from whether the configured target cell in the CHO is known or unknown, the actual CHO can only be triggered by a cell which has been detected and measured recently as otherwise the CHO event triggering the execution of the CHO cannot be evaluated. This means, that a cell triggering a CHO to be executed will always be known.
A cell triggering a CHO to be executed will always be known.
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 are the situations where a configured CHO target cell:
· Detected and measured and target cell conditions are fulfilled when configured
· Detected and measured but target cell conditions are not fulfilled when configured
· Not detected when configured
Next, the Tinterrupt time will be discussed in more details.

Tinterrupt discussion
Looking at each possible delay component during the Tinterrupt we first look at Delay 1.
Delay 1 in figure 1 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. On the other hand, if the network choses to blindly configure the CHO, the configured CHO cells may not all be known. It does not seem reasonable to define the minimum UE requirements for CHO delay based only on unknown target cell conditions, and we believe RAN4 shall define minimum requirements for CHO delay requirements for both known and unknown CHO target cell.
RAN4 shall define minimum requirements for CHO delay requirements for both known and unknown CHO target cell.
The Delay 1 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)
· Measurement latency
· TimeToTrigger (TTT)
· L3 Filter
In best case scenario, cell detection and measurement latency are zero if the event triggering the CHO for a newly configured CHO is already fulfilled once the CHO is received from the network, provided the TTT is 0 and L3 filter is not in use. In this case only RRC processing delay would apply.
Based on this we propose that the starting point of the CHO delay is the same as for existing HO, namely from the end of the last TTI containing the RRC command carrying the CHO.
The starting point of the CHO delay is from the end of the last TTI containing the RRC command carrying the CHO.
The UE would then need to be allowed a flexible delay between receiving the RRC command containing the CHO command and until UE executes the CHO. The delay should be based at least on above components where the applicability of each delay would depend on the target cell conditions.
UE is allowed a flexible delay between receiving the RRC command containing the CHO command and until it can execute the CHO.
Delay 1 will conditionally include the 5 listed items above.
Delay 1 contains following latency components: Cell detection, Measurement round, Condition uncertainty time, TTT and L3 Filter.
Each delay component:
Cell detection: This would allow 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 PSS/SSS detection delay period could be used (TPSS/SSS_sync_intra).
Measurement round: This would allow UE to measure a potential configured target cell, if the UE has not had opportunity to measure the cell sufficiently prior to receiving the CHO command. As baseline existing measurement period could be used (TSSB_measurement_period_intra).
Condition uncertainty time: The time uncertainty from when the CHO is configured and until the initial condition 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. after Delay 1), the UE will execute the HO. I.e. the UE will change to target cell in a similar manner as when normal handover is executed.
Different from normal HO, the CHO can only be triggered by a known cell. I.e. only once the condition is fulfilled will the UE execute the CHO. And UE can only evaluate the CHO trigger if the cell has been detected and measured. This means that when the CHO is executed the cell is known and Tsearch will always be 0.
Another difference between CHO and non-CHO is the potential need for UE to decode additional RRC information once the CHO is triggered. The time allowed for further RRC decoding should at most be as long as decoding the RRC message including the CHO command. Hence it can be assumed that TRRC_2 ≤ maximum RRC procedure delay defined in clause12 in TS 38.331 [2].
It can be expected that additional delay components of Delay 2 could use the existing Tinterrupt delay components:
Delay 2 = Tsearch + TIU + 20 + T∆ ms
Next, we look more detailed at each delay component in the Tinterrupt.
As discussed above the CHO is triggered by the UE internally based on UE measurements, and therefore the UE has measured the target cell very recently. I.e. the target cell is always detected, and UE would not need to perform cell search. I.e. for CHO, Tsearch = 0 is applicable.
For CHO, Tsearch = 0.
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. This delay is also needed for CHO. 
TIU is applicable also for CHO.
However, if the UE optimizes it switching time this delay could be avoided.
RAN4 should discuss conditions for TIU and how or if it can be removed.
TΔ is time for fine time tracking and acquiring full timing information of the target cell. For NR this time is defined as Trs which equals the SMTC periodicity of the target NR cell – when the target cell is an NR cell. This delay is also applicable for CHO and similar definition (and conditions) for Trs as used in normal HO can be applied also to CHO.
TΔ is applicable also to CHO.
As discussed, as the CHO is triggered by the UE internally based on UE measurements it seems very clear that prior to triggering the CHO the UE has just measured (and evaluated) the target cell. This means that it should be feasible to reduce the static 20ms delay especially accounting that UE also has T∆ for fine time and tracking. The actual switch from serving to target cell should not take 20ms. We would expect that it would be possible to reduce this number.
RAN4 should discuss reduction of the static 20ms delay to e.g. 10ms for CHO.

UE Delay Requirements for CHO
Based on the above proposals we propose following baseline expression for defining the UE CHO delay requirements:
CHO delay requirements defined as:
Dhandover = TRRC_processing_delay + Tinterrupt
Where:
[bookmark: _Hlk20338108]Tinterrupt = TPSS/SSS_sync_intra + TSSB_measurement_period_intra + Tuncertainty + TTTT + TL3 Filter + TRRC_processing_delay + TIU + 10 + T∆ 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 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 to be executed. This time equals the maximum RRC procedure delay defined in clause12 in TS 38.331 [2].
TPSS/SSS_sync_intra 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.
TSSB_measurement_period_intra is the time needed for measurements if the target cell included in the CHO has been detected but the cell has not been measured.
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.
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 and T∆ are defined similar as for the existing HO requirements.
In [11] we have provided a CR capturing the UE delay requirements for CHO.

Conclusion
In this paper we further discuss the UE requirements related to conditional handover (CHO) for NR part of the WI based on the agreed WF [9]. as the work ongoing in the LTE related WI LTE_feMob we also lean on the WF [10] agreed related to this WI. We propose following expression for the CHO delay requirement:
CHO delay requirements defined as:
Dhandover = TRRC_processing_delay + Tinterrupt
Where:
Tinterrupt = TPSS/SSS_sync_intra + TSSB_measurement_period_intra + Tuncertainty + TTTT + TL3 Filter + TRRC_processing_delay + TIU + 10 + T∆ ms

1. For NR CHO the CHO delay is until the UE is ready to start the transmission on the new uplink PRACH channel in the target cell.
1. Use similar approach as existing HO delay requirement expression as baseline for developing the CHO delay requirements.
1. RAN4 shall define minimum requirements for CHO delay requirements for both known and unknown CHO target cell.
1. The starting point of the CHO delay is from the end of the last TTI containing the RRC command carrying the CHO.
1. UE is allowed a flexible delay between receiving the RRC command containing the CHO command and until it can execute the CHO.
1. Delay 1 contains following latency components: Cell detection, Measurement round, Condition uncertainty time, TTT and L3 Filter.
1. For CHO, Tsearch = 0.
1. TIU is applicable also for CHO.
1. RAN4 should discuss conditions for TIU and how or if it can be removed.
1. TΔ is applicable also to CHO.
1. RAN4 should discuss reduction of the static 20ms delay to e.g. 10ms for CHO.
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