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1      Introduction
Conditional HO is one of solution to improve the robustness of handover. At RAN2#104, following agreements are made:

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).

This contribution is to study the detail of conditional handover and to provide the performance evaluation using simulation on conditional handover. 
2      Discussion
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Figure 1: Conditional handover
Figure 1 shows the signaling flow of the basic conditional handover. The key idea is to configure a low threshold to trigger early measurement report to the serving cell. Then the serving cell will prepare the target cell and forward the handover command to the UE with a HO execution threshold to increase the reliability of the handover command. When the HO execution threshold condition is met, the UE will trigger handover (synchronization to target cell and random access) to target cell. One of the problems of handover failure (HOF) during hetnet mobility work item was the failure delivery of the HO comamnd. In conditional handover case, the measurement report is triggered based on a lower threshold, therefore, the HO command delivery will be more reliable.
Observation 1: Conditional HO increases the reliability of HO command delivery by early event triggering. 
Figure 1 shows the simple case of conditional HO where there is only one target cell triggered the UE to send the measurement report and the UE eventually triggers HO when the HO execution threshold is met. Now let’s consider a more realistic scenerio where more than one target cells triggered the UE to send the measurement report.
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Figure 2: Conditional handover with more than one potential target cells 
Figure 2 shows a more realistic scenario where multiple potential target cells were triggered by a low threshold and hence measurement report was sent by the UE. Multiple target cells preparation will be required along with multiple HO commands that will be sent to the UE. Therefore, more signaling overhead in conditional handover due to multiple measurement report, HO preparation and HO command.
2.1     Exit condition for conditional handover

In conditional handover, one of the trade off in improving handover performance is resources reservation from the network side. If multiple target cells are reserved for the UE, the higher chance the UE has handover success. This is because the measurement report was sent in a less stable condition (e.g. lower triggering threshold), the final target cell is harder to predict. Multiple target cells may meet the triggering condition and the network can reserve more than one target cells and signal the UE via handover command. However, this may also increase network resources reservation. In addition, when handover doesn’t happen, the resources should be released. There are different ways to exit conditional handover:

Explicit release by the network: 

The network can decide to release the candidate cells based on additional measurement results from UE, or maybe consider load situation of the candidate cells, and to select other cells as candidate cells. 
· Advantage: more flexibility to network.

· Disadvantage: more signalling is needed to release the candidate cells.

Autonomous release by the UE:

·  Timer based: a timer indicates the validation of the time the resources will be reserved to the UE starting from the UE receives the handover command. Once the timer expires, the UE discard the handover command.
· Advantage: network can predict how long the resources reserved for each UE. After the timer expires, the UE release the resources.

· Disadvantage: HOF may happen if the timer expires before the UE actually handover to the target cell. Since the resource is released, the UE may not be able to perform HO successfully.

·  Channel condition based: the UE continue performs measurement on potential target cell, when the channel condition of the reserved target cell met the exit condition configured by the network, the UE discard the conditional handover for that target cell.

· Advantage: the UE exit the handover based on the channel condition of the target cell. This is more accurate and make sure the UE will no longer need the resources.

· Disadvantage: the network may keep longer resource for the UE until receive the measurement report from the UE.

Observation 2: Exit condition for conditional handover can release network reserved resources. 
2.2     Performance evaluation 
In order to further analyse conditional handover, we conducted a simulation with the parameters setup in the appendix to evaluate the handover performance and the impact of signaling overhead. In addition, we conduct the conditinoal handover comparsion based on different exit condition discussed in section 2.1.
	 
	Conditional HO Single target cell:
No exit condition
	Conditional HO Multi. target cell:
No exit condition
	Conditional HO Multi. target cell Exit cond: timer (1s)
	Conditional HO Multi. target cell Exit cond: timer (2s)
	Conditional HO Multi. target cell: Exit cond: -1dB

	HOF rate
	11.1%
	8.3% 
	12.0% 
	8.6% 
	7.6%

	# MR
	773
	684
	1185
	851
	947

	# reserved cell/HO
	1
	1.30
	1.98
	1.55
	1.68


Table 1: Handover perofrmance for conditional handover comparing different exit condition
Table 1 shows the simulation performance results for conditional handover under different exit condition. With multiple target cells reserved, the handover performance is better than single reserved cell. In compare to exit condition and without exit condition, conditional handover without exit condition is in general better due to the resources are always reserved for the UE. Exit condition based on channel condition performs better than timer based as expected. Interestingly, the exit condition yields higher measurement reporting than no exit condition. After some investigation, we observed that the UE triggers the measurement report again after the UE exit the cell after release the conditional handover. This resulrs in more measurement reporting. 

Observation 3: reserved multiple target cells performs better than single cell reservation for conditional handover.  

Observation 4: conditional handover without exit condition is in general performs better due to the resources are always reserved for the UE.

Observation 5: Exit condition based on channel condition performs better than timer based as expected.

Observation 6: more measurement reporting in conditional handover with exit condition than conditional handover without exit condition because the UE trigger measurement report again once it exit the same cell.
In general, it is good to allow the network release the reserved resources. Naturally we should leave flexibility to network, i.e. to support explict release, but to save signalling overhead and release the resources timely, autonomous release by the UE should also be considered. Therefore, we propose RAN2 to agree both explicit release and autonomouse release as exit condition discussed above.

Proposal 1: RAN2 agree to have both explicit release and autonomouse release as exit condition for conditional handover to release reserved resources. 

To prohitbit the UE to trigger another measurement report for the same cell after the exit condition, there should be a time period where the UE doesn’t need to send measurement report.

Proposal 2: The UE doesn’t trigger measurement report for the same cell for a configured time period after exiting the conditinoal handover. 

3      Conclusion
Observation 1: Conditional HO increases the reliability of HO command delivery by early event triggering. 
Observation 2: Exit condition for conditional handover can release network reserved resources. 

Observation 3: reserved multiple target cells performs better than single cell reservation for conditional handover.  

Observation 4: conditional handover without exit condition is in general performs better due to the resources are always reserved for the UE.

Observation 5: Exit condition based on channel condition performs better than timer based as expected.

Observation 6: more measurement reporting in conditional handover with exit condition than conditional handover without exit condition because the UE trigger measurement report again once it exit the same cell.
Proposal 1: RAN2 agree to have both explicit release and autonomouse release as exit condition for conditional handover to release reserved resources. 

Proposal 2: The UE doesn’t trigger measurement report for the same cell for a configured time period after exiting the conditinoal handover. 
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5      Appendix
	Items
	Description

	Number of TRP per cell
	3 TRPs per cell at fixed location(s) e.g., at 200m ISD on the boresight direction. 

	Cell loading 
	100%

	UE speed 
	60km/h 

	Channel model 
	5G-umi

	TimeToTrigger [ms]
	40

	a3-offset [dB]
	- “lower threshold” = 0dB for measurement report triggering 
- “higher threshold” = 2dB for the condition to perform UE based HO

	TMeasurement_Period, Intra, L1 filtering time in TS36.133 [2]
	100ms

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2]). The RSRP measurement error can be added before or after L1 filter as long as the error requirement mentioned above is met at the input of L3 filter.

For calibration purposes, there is no measurement error modelling with wideband CQI for radio link monitoring and HOF decision.

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Table 2: Simulation parameters
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