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1 Introduction

When introducing new deployments like co-channel deployments in HetNet scenarios, it is important to investigate whether existing mechanisms still perform the way intended, even though the scenario is new. In this contribution we investigate the handover mechanism and come to the conclusion that existing handover mechanisms can be carefully tuned to support co-channel HetNet deployments.
Despite several companies have presented results in this area (‎[1]

 REF _Ref280786496 \r \h 
‎[2]

 REF _Ref280786498 \r \h 
‎[3]

 REF _Ref280786501 \r \h 
‎[4]

 REF _Ref280786503 \r \h 
‎[5]

 REF _Ref280786505 \r \h 
‎[6]), RAN2 has yet to form a common understanding on whether the existing handover mechanisms are sufficient in co-channel HetNet deployments or if other solutions need to be investigated.
The results vary between the companies which have presented results. Samsung has so far observed that “current cell-specific offset alone is not enough to support mobility among cells with various sizes” ‎[4]. This would indicate that other mechanisms or parameter tunings should be investigated. NSN and Nokia have also made investigations. Their conclusion is that “both cell-specific offsets and cell-specific TTTs are able to provide reasonable mobility performance in the Hetnet environment for Rel’10” ‎[6]. These results contradict the results from Samsung. One possible reason for this could be the different parameter settings or models between the investigations. Alcatel-Lucent was the third company to present results and they propose to “continue discussion on this to see if any other optimisation is needed possibly in a future release” ‎[5]. It is possible to interpret this as Alcatel-Lucent is reluctant to change the handover mechanism in Rel-10. All companies have used simulations to evaluate the handover mechanism. This could help explain the differing results, as the simulation settings are not identical. Various simulators have also been used.
2 Methodology

Using an event-driven radio access network simulator we intend to answer the main question “Are existing handover mechanisms sufficient in a co-channel HetNet deployment scenario?” 
2.1 Simulator settings

We chose to follow the proposed settings in 36.814 ‎[7] to the largest extent possible, as 36.814 contains the RAN1 view of HetNet scenarios. A detailed view of the parameters can be found in the Appendix.

We have used three simulator setups.

1)
3GPP Case 1

2)
3GPP Case 3

3)
High-speed scenario based on 3GPP Case 3

-
Scenarios with many high-speed users are the most challenging for handover mechanisms.

Each setup is evaluated with and without pico cells, called “macro scenario” and “hetnet scenario” in the figures. To investigate handover performance we chose to vary TTT and Handover margin according to Table 1. This in total gives us 9 cases.

	Case
	Handover Margin (dB)
	TTT (ms)

	1
	2
	40

	2
	2
	320

	3
	2
	640

	4
	3
	40

	5
	3
	320

	6
	3
	640

	7
	4
	40

	8
	4
	320

	9
	4
	640


Table 1: The nine different cases investigated.

2.2 Metrics
To properly evaluate the problem we use following metrics:
-
Number of handovers per UE and hour

-
This value is expected to be higher in the HetNet scenario than in the macro scenario, because of the smaller cell size and the increase in the total number of cells. Higher UE speed will also increase this value.
-
Number of Failures per UE and hour

-
With increasing number of handovers, the absolute number of failures (handover failures and RLF) will also increase. 
Our goal of this paper is not to improve handover mechanisms per se, only to investigate if existing mechanisms are sufficient in a co-channel HetNet scenario. This means that although absolute values for some metrics will be presented, they cannot be directly translated to real-world performance. Instead, what should be noted are the trends these values show and the relative difference between the macro scenario and the HetNet scenario. To better show these relative differences the results for the HetNet scenario will occasionally not be presented as an absolute value, but relative to the macro scenario.

3 Results

3.1 Setup 1 – 3GPP Case 1
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Figure 1
Left: The relative number of handovers per UE and hour for the HetNet deployment compared to the baseline (macro only). Right: The number of failures per UE and hour.

In this setup we note an increase in the relative number of handovers in the HetNet scenario, about 40%. This is expected since the total number of cells is increased compared to the macro scenario. The increase is fairly constant for all the nine cases. The number of failures shows drastic increases, in particular when the handover margin is 4 dB (case 7-9). The increase can possibly be explained by the short ISD in this scenario which causes higher interference from the macros in the pico cell. Also, the increase is from very small absolute numbers, which makes the relative increase look very high.
3.2 Setup 2 – 3GPP Case 3
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Figure 2
Left: The relative number of handovers per UE and hour for the HetNet deployment compared to the baseline (macro only). Right: The number of failures per UE and hour.

The main difference in this setup compared to setup 1 is the increased ISD (from 500m to 1732m). The increased number of cells in the HetNet scenario means an increase in the number of handovers (as in setup 1), but due to the larger ISD, the increase is less than for setup 1. As for setup 1 a handover margin of 2 dB is beneficial when looking at the number of failures. The drastic increases seen in failures in setup 1 cannot be seen here, although 4 dB shows the worst performance.
3.3 Setup 3 – High-speed scenario

[image: image5.emf]2dB 3dB 4dB

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Handover margin

Relative number of HOs per UE and hour

 

 

TTT = 40ms

TTT = 320ms

TTT = 640ms

[image: image6.emf]1 2 3 4 5 6 7 8 9

0

10

20

30

40

50

60

70

80

Cases

Failures per UE and hour

 

 

macro

hetnet


Figure 3
Left: The relative number of handovers per UE and hour for the HetNet deployment compared to the baseline (macro only). Right: The number of failures per UE and hour.

In this setup the UE speed is increased from 3 km/h to 120 km/h, other parameters are similar to setup 2. The increase in UE speed of course increases the number of handovers. Looking at the number of failures, 2 dB handover margin gives the best performance. A high TTT causes worse performance than a short TTT. This was observed also in the previous setups, but becomes very dominant in this setup. Shorter TTT performs better, and 2 dB handover margin gives better performance than larger margins. The high-speed scenario may seem problematic at first but we think it is feasible with good configuration. 
4 Discussion

Comparing between the setups can be problematic, but we note that there seem to be larger problems with the handover mechanisms in setup 1 (3GPP case 1) compared to setup 2 (3GPP case 3). We think this to some extent can be explained by the ISD which is much shorter in setup 1. The short ISD causes higher macro interference in the picos and essentially “shrinks” the pico cell. This makes it harder to perform handovers efficiently. 
For setups 1 and 2 a small handover margin performed better than a large margin when looking at the number of failures. For setup 3 (the high-speed setup) the small margin needs to be combined with a short TTT for HetNet performance to be comparable to macro performance. For all setups shorter TTTs perform better than longer TTTs.

Based on the results presented we make some observations for the studied HetNet scenarios.
Observation 1
Shorter TTTs perform better than longer.

Observation 2
Smaller handover margins perform better than larger.

Our results show that existing mechanisms can be carefully tuned to support HetNet scenarios. Such tuning can become complex as the number of cells increase in a HetNet deployment. It is therefore most likely to be done in an automated way, i.e. SON. For Release 10 suitable mechanisms (reporting of UE history, too early/late HOs ‎[8]) exist for SON algorithms to perform the tuning of handover parameters that HetNet scenarios require.
Proposal 1 Existing handover mechanisms in combination with SON-related mechanisms make it possible to support co-channel HetNet deployments in Release 10. 

5 Conclusion

Based on the discussion in section ‎4 we propose the following:

Proposal 1
Existing handover mechanisms in combination with SON-related mechanisms make it possible to support co-channel HetNet deployments in Release 10.
6 
References

[1] R2-104017, “Mobility support to pico cells in the co-channel HetNet deployment”, Samsung, RAN2#70bis, Stockholm, Sweden, 28 June – 2 July 2010

[2] R2-104886, “Mobility issues under pico cell deployment”, Samsung, RAN2#71, Madrid, Spain, 23rd – 27th August, 2010

[3] R2-105466, “Discussion on HetNet Improvements for Mobility”, Nokia Siemens Networks and Nokia Corporation, RAN2#71bis, Xi’an, China, 11th – 15th October, 2010

[4] R2-106607, “Mobility issues under pico cell deployment”, Samsung, RAN2#71bis, Jacksonville, USA, 15th – 19th November, 2010

[5] R2-106550, “Handover Performance and Improvements in Co-channel HetNet”, Alcatel-Lucent, RAN2#71bis, Jacksonville, USA, 15th – 19th November, 2010 
[6] R2-106225, “Further results on HetNet Mobility”, Nokia Siemens Networks and Nokia Corporation, RAN2#71bis, 15th – 19th November, 2010

[7] 3GPP TR 36.814, “Further advancements for E-UTRA physical layer aspects”
[8] 3GPP TS 36.413, “S1 Application Protocol (S1AP)”, v.10.0.1, December, 2010
7 Appendix

7.1 Detailed simulation settings

	Parameters
	3GPP case1
	3GPP case3 
	High Speed

	Distance-dependent Path Loss
	According to 36.814 

	Penetration Loss
	20dB
	20dB
	0dB

	BS/UE height
	Macro: 32m, UE: 1.5m, Pico: N/A

	Antenna Type
	Macro: 3GPP_3D, Pico: Omni

	Antenna Tilt
	15 degrees
	6 degrees
	6 degrees

	Carrier Frequency
	2GHz
	2GHz
	800MHz

	Bandwidth
	10MHz (both Macro and Pico)

	BS MaxTx Power
	Macro: 46dBm, Pico: 30dBm

	Minimum distance between UE and cell 
	Macro: 35m, Pico: 10m

	Channel Model
	Typical Urban 

	UE Speed
	3km/h
	3km/h
	120km/h

	UE Traffic Model
	FTP users, 25 users per cell, uniformly distributed

	UE Movement
	Random Direction, Random Position, StraightMover

	Noise Factor
	BS: 5dB, UE: 9dB

	RSRP Layer3 Filter Parameter K
	4

	ISD
	500m
	1732m
	1732m

	Pico-Macro Distance
	1/2 ISD

	Number of cells
	21
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