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1 Introduction

HetNet mobility performance was studied in SI stage, and the following observations were made from the overall calibration simulations [1]:

1)
Results indicate that handover performance in Het-Net deployments is not as good as in pure macro deployments. Of the different HO types, Pico to Macro handover performance showed the worst performance.

2)
For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).

This paper first identifies that HO failure in state 2 is the dominant factor of degraded mobility performance in Het-Net deployment. It then takes a closer look at the components of state 2 HO failure rate in Pico to Macro handover. Simulation results suggest that a major cause of HO failure in state 2 is the reception error of the Handover Command. Therefore, it is proposed to improve the transmission performance of Handover Command message.
2 Discussion

As mobility performance degradation is mainly observed for UE of medium or high speed, it may seem a tempting get-around to avoid handover of those UEs to small cells. However, for medium or high speed UE, the time interval during which UE suffers high interference can be unbearably long, if handover is not triggered. For example, a UE would be under strong interference for about 6s, if it moves across the small cell of ISD = 50 m at a speed of 30 km/h. A strong interference lasting 6s long can easily make the UE lose the connection to macro cell. Hence, handover to small cell is necessary for medium or high speed UE, when handover condition is met.
Observation 1:
There is need to enhance handover performance in Het-Net scenarios for UE of medium and high speed.
As observed in [1], “Of the different HO types, Pico to Macro handover performance showed the worst performance”. Table 1 compiles the simulation results of Pico to Macro handover, in terms of average handover failure rates in state 2 and state 3, and average overall handover failure rates for different configuration parameter sets.
Table 1 Average Failure Rates in Pico to Macro Handover
	Speed 
	State2
	State3
	OVERALL

	30kmph
	8.393
	0.466
	8.859

	60kmph
	14.959
	0.727
	15.683

	120kmph
	29.121
	1.610
	30.708


These results indicate that handover failure rate in state 2 is the dominating factor of the overall handover failure rate. 
Observation 2: Handover failure rate in state 2 is the dominant factor of degraded mobility performance in Het-Net deployment.
Figure 2 illustrates the possible sources of handover failures during the state 2 process. 
a) when the transmission of UL RRC message of Measurement Report fails, handover would not be triggered, and UE would suffer RLF and get disconnected from source eNB; 
b) if the transmission of DL RRC message of Handover Command fails, UE would not proceed handover process as requested, and would suffer RLF eventually;
c) RLF could also occur if channel condition quickly deteriorates and TTT timer is still running; or
d) RLF could occur when channel condition degrades significantly and the handover preparation is still on-going. 
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	c) RLF in TTT 
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Figure 2 Components of Handover Failures in State 2
Simulations were performed to log these four kinds of handover failures separately in state 2, as “RLF from Measurement Report Failure”, “RLF from HO Command Failure”, “RLF in TTT period”, and “RLF during HO Preparation”. The transmission of RRC messages are modelled explicitly for Measurement Report and Handover Command. Table 2 shows the contribution of each of these four components to the handover failures in state 2.  
Table 2 Handover Failure Ratios in State 2
	Speed
	Measurement report failure
	HO command failure
	RLF in TTT period
	RLF during HO preparation

	30kmph
	3.125%
	93.75%
	3.125%
	0

	60kmph
	0
	98.92%
	1.08%
	0

	120kmph
	4.98%
	93.21%
	1.36%
	0.45%


It can be clearly observed from the simulation results that the major cause of HO failure in state 2 is RLF resulting from the transmission failure of Handover Command message. This should not come out too surprising, as the Handover Command message is often transmitted when UE has moved all the way into the target cell’s coverage. In other words, when Handover Command message is sent, the connection from the source eNB is likely in its worst condition.

Observation 3: A major cause of HO failure in state 2 is the transmission failure of the Handover Command message.
Hence, addressing the problem incurred in transmitting Handover Command message may be an effective way to lower HO failure rate in HetNet environment.
Proposal: RAN2 is kindly requested to study methods to improve the transmission of Handover Command message in HetNet environment. 
3 Conclusion
Through simulation and analysis, this paper identifies the reception error of Handover Command message as the major cause of poor mobility performance in Pico to Macro handover. 
Observation 1:
There is need to enhance handover performance in Het-Net scenarios for UE of medium and high speed.
Observation 2: Handover failure rate in state 2 is the dominant factor of degraded mobility performance in Het-Net deployment.

Observation 3: A major cause of HO failure in state 2 is the transmission failure of the Handover Command message. 
Proposal: RAN2 is kindly requested to study methods to improve the transmission of Handover Command message in HetNet environment.
4 Reference

[1] 3GPP TR 36.839, “Mobility Enhancements in Heterogeneous Networks”.
5 Annex1 Simulation assumptions
The detailed simulation assumptions are listed below.

	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	
	Radom in Macro cell

	
	Picos/macro cell
	1

	Macro-pico deployment type
	
	Co-channel

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	UE Tx power
	
	23 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Penetration loss
	
	20 dB

	Multipath delay profile
	
	Typical Urban

	Receiver diversity
	
	2RX MRC

	Interference modelling
	
	Interference from neighbouring cells are explicitly modelled

	Schedule policy
	
	PF

	DL Interference load
	Macro, Pico
	100% RBs loaded

	
	
	


Measurement and mobility parameters
	Feature/Parameter
	
	Value/Description

	UE velocity
	
	30 km/h; 60 km/h; 120 km/h

	UE movement
	
	Straight line throughout the call

	UE placement
	
	Random in simulation area

	RSRP Measurement
	L1 measurement Interval

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms
6 RBs for all cells

2 dB

5 L1 measurement Interval

	L3 filtering
	
	fc4

	Events that trigger a handover
	
	A3

	Offset/TTT
	
	2 dB/160 ms 

	Handover preparation time
	
	50 ms

	Measurement report
	
	Modelled and sent as RRC message

	Handover Command
	
	Modelled and sent as RRC message

	HO complete
	
	Modelled and sent as RRC message

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms
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