[bookmark: _GoBack]3GPP TSG RAN WG2 #103bis	 R2-1814320
Chengdu, China, 8 – 12 October, 2018
	
Agenda Item:	12.3.3 Handover robustness improvements 
Source: 	Ericsson
Title:  	Simulation results for conditional handover in LTE
Document for:	Discussion and Decision
Introduction
[bookmark: _Toc242573354]In the work item for Even further Mobility Enhancements in E-UTRAN [1], one objective is to improve the robustness at handover. In this contribution simulation results for conditional handover are shown.
Discussion
Setup
The conditional handover as presented in [2] is the basis for the simulations. The following call flow was used in the simulations:

This procedure was compared with the legacy procedure executed at handover:
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The A3 event was used to trigger the conditional handover. 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:
The legacy LTE procedure is called setup 1 and the conditional handover procedure is called setup 2.
	Simulation parameter
	Parameter value

	Deployment
	3gpp-case1.7 sites,3 cells, @30 m high, 80W, Cell Radius 166.666, ISD=500 m

	eNB Antenna
	Antenna 3gpp36873, 8 elements, 1 row, 0.7ƛ separation

	Carrier Frequency
	2 GHz, 20 MHz carrier BW

	Propagation model
	SCM – {5G-urban macro}

	User properties
	190 initial users (950 UEs over 5 Seeds)

	User session
	FTP, mean file size 400000 bytes, ftp request size 400 bytes, max number of downloads: 3

	Handover Parameters
	A3 event, Threshold{-3:4 dB}, Hysteresis {0dB}, TTT{0.04}, Handover issue threshold=-1dB in Setup 2 (conditional handover).

	Number of Sub-bands
	100



· 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 -3dB to 4dB.
· Controls when the actual handover is initiated.


Simulation result for low/medium speed UEs
The first simulation was done for UEs moving at a speed 0,8 m/s. At this low speed the number of failed handovers was very low for both legacy handover and conditional handover so no comparison could be made. The next simulation was done for UEs moving at a speed of 5 m/s. Also at this speed the number of failed handover was quite low for both types of handovers, but some difference could be seen.



Although the number of failed handovers is still small for both types of handovers, the following comparison of handover failure performance at 4dB handover threshold is made:
· ~50% reduction in total number of failed handovers.
· Largest improvement (~85% reduction) in failure due to Handover command not reaching the UE.
· Improvements in RLF performance.

Simulation result for high speed UEs
The simulations for high speed UEs were done at the speed 30 m/s. At this speed the number of failed handovers is larger. The results are shown below.


At this rate a more reliable comparison can be made and the following comparison of handover failure performance at 4dB handover threshold is made:
· ~70% reduction in total number of failed handovers.
· Largest improvement in failure due to Handover command not reaching to UE.
· Improvements in RLF performance.

Conclusion
Based on the results above it can be concluded that conditional handover is beneficial. 
Observation 1: Conditional handover is beneficial to reduce the number of failed handover.

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following observation:
Observation 1: Conditional handover is beneficial to reduce the number of failed handover.

References
[1] [bookmark: _Ref476654561][bookmark: _Ref524694582]RP-171489, Work Item on Even further Mobility Enhancements in E-UTRAN, China Telecom, RAN#81, September 2018
[2] [bookmark: _Ref525135594][bookmark: _Ref525203196]R2-1814319, Conditional handover in LTE, Ericsson
2
image3.png
3000

2500

2000

1500

1000

500

Handover Performance

Condiionao UE Spesd s mis
[ Normaltio-UE Speed:s mis

AttemptedHO

FailedHO PingPongHO

SuccessfulHO





image4.png
2

20

15

10

Handover Failures

I Corctionalo UE Specas mis
[ Normaltio-UE Speed:s mis





image5.png
Number of Handover Attempts

gq 2108 Attempted Handover
4

~—&— ConditionalHo-UE Speed-30 mis|
22 | —S— NormalHo-UE Speed-30 m/s

08
0dB

108 208 308 448
Handover Execution Threshold

Number of Successful Handovers

242008 Successful Handover
4

—&— CondiionalHo-UE Speed-30 mis
22 | —5— Normalko-UE Speed-30 mis

08
0dB

108 248 308 448
Handover Execution Threshold




image6.png
Handover Failures

1200
[ Corctonao UE Specd-30 |
[ Normaltio-UE Speed-30 mis

1000

800

600

400

200 I

oLl l -l

¢ &
Nt o e e%‘”\e
oS o s & RS &
R RC e e (S
o O e




image7.png
12000

10000

8000

6000

4000

2000

Handover Performance

Condionaio-UE Speed 30 s
B Normaltio-UE Speed-30 mis

AttemptedHO

FailedHO PingPongHO  SuccessfulHO





image1.emf
 


image2.png
Number of Handover Attempts

14000

12000

10000

8000

4000

2000

Attempted Handover

—&— CondtionalHo-UE Speed-5 mis
—©— NormalHo-UE Speed-5 mis

0dB

108 248 308
Handover Execution Threshold

Number of Successful Handovers

14000

12000

10000

8000

4000

2000

Successful Handover

—&— CondtionalHo-UE Speed-5 mis
—©— NormalHo-UE Speed-5 mis

0dB

108 248 308
Handover Execution Threshold




