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Introduction
[bookmark: _Toc242573354]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#105 it has been agreed to support Conditional handover (CHO):
Agreements
1	We will study at least conditional handover as one solution for handover robustness improvements. 

In this contribution we present some simulation results of CHO over baseline NR configuration to further motivate the selection of CHO as a solution for handover robustness improvements.
Discussion
In RAN2#104 in Spokane it was agreed to support for LTE the configuration of one or more candidate cells for conditional handover:
Agreements
[bookmark: _Hlk979690]1	Support configuration of one or more candidate cells for conditional handover.

In the simulation studies, we assume the above LTE agreements to be valid for NR, hence we consider multiple target cells as possible candidates for handover.
[bookmark: _Ref3885869]Simulation Setup
The conditional handover as presented in [2] serves the basis for this simulation work. The call flow of Figure 1 was assumed during simulation.
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[bookmark: _Ref3883552]Figure 1: Call flow for CHO
This procedure was compared to the baseline NR handover call flow as mentioned belowUE
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Figure 2: Call flow for Baseline handover
In conditional handover, the network configures the UE with triggering conditions for when a handover should be executed. UE is configured with possible target cell(s). Upon receiving the configuration, UE monitors for the conditions and performs handover when one of the configured conditions is successful, handover is initiated without sending notification to the source. Any event/combination of events can be used for conditional handover, however, in the simulation A3 event was used for both triggering conditional handover and handover execution. Simulations were performed for low, medium and high speed UEs. The threshold for triggering the conditional handover was set lower compared to triggering of legacy handover. The following setups were used: 
	Simulation parameter
	Parameter Settings

	Carrier Frequency
	2GHz, 20 MHz carrier BW, SCS:15KHz

	Deployment
	ISD=500 m, 7 sites, 3 sectors per site, Cell Radius=166.67 m

	gNB antenna
	Antenna 3gpp36873, 16 elements, 2 rows, 0.7ƛ separation, 80W

	Propagation model
	SCM – {5G-urban macro}

	User properties
	Number of users corresponding to ~80% DL resource utilization
Speed 1 m/s, 80% indoor
	Number of users corresponding to ~85% DL resource utilization
Speed: 15 m/s, 30 m/s (0% indoor)

	User session
	FTP, mean file size 300000 bytes, ftp request size 400 bytes, mean reading time 1 s

	NR-SS block settings
	Periodicity 20 ms, 1 beam

	Handover parameters
	A3 event, RSRP threshold {1:5 dB}, Hysteresis {0 dB}, TTT{0.04}

	CHO parameters
	A3 early event, RSRP threshold {-1dB}, Hysteresis {0 dB}, TTT{0.04}.

	T304 (handover) & T310 (out-of-sync)
	1 s



· Conditional Handover issuing event threshold set to -1dB.
· Controls when the conditional Handover command is issued to the UE.
· Possible for network to add/modify target cell(s).
· Handover execution threshold varied from 1dB to 5dB.
· Controls when the actual handover is initiated.
· Once a UE is configured with CHO configuration, the resources are reserved both at network and UE side until UE performs handover
Simulation results
As mentioned in Section 2.1, simulations were performed for different UE speeds. Below handover parameters were compared to evaluate the performance of CHO over the baseline handover:
· Average number of handover attempts/UE
· Average number of successful handovers/UE
· Average number of failed handovers/UE
We also evaluate ping-pong handovers where ping-pong handovers are defined as handover to source cell within 1 second of performing first handover, i.e. A->B->A type of handover within 1 second.
[image: ]
[bookmark: _Ref3883073]Figure 3: Average number of Handover attempts

As can be seen from the Figure 3, the average number of handover attempts are similar between CHO and baseline procedure for respective UE speeds. This is an important observation since the target cells are selected earlier for CHO than baseline handover. Furthermore, it is understood that the number of handover attempts increases with the increase of the speed of the UE and decreases with increasing the execution threshold.


[image: ]
[bookmark: _Ref3883759]Figure 4: Average number of successful handovers
Comparison of ratio of successful handovers in Figure 4 shows CHO performs better than baseline handover procedure. Such observation leads to an expectation of better HOF performance as shown in Figure 5.
[image: ]
[bookmark: _Ref3883842]Figure 5: Average number of HOF

From Figure 5, it is evident that CHO reduces handover failures for all UE speeds. However, the best performance was observed for high speed UEs, where the baseline procedure results in the highest number of handover failures. If we consider 3 dB as threshold, 40% reduction in handover failure can be observed for a UE speed of 30m/s.
For completeness of the handover performance comparison, evaluation of ping pong handover performance showed no significant degradation of performance using CHO.
[bookmark: _Hlk535588508]Conclusion
Based on the above performance comparison, it can be concluded that conditional handover increases handover robustness in challenging scenarios while keeping similar performance as baseline in normal scenarios.
CHO provides handover robustness in NR. 
Hence it is proposed that conditional handover procedures should be standardized in NR. The details of CHO procedures and proposals can be found in other companion contributions [2]-[9].
[bookmark: _Ref3885505]Consider CHO as a handover robustness solution for NR

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361][bookmark: _Hlk528334907]RAN2 is kindly asked to discuss the following proposals:
Proposal 1	 Consider CHO as a handover robustness solution for NR
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