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1. Introduction
In Rel-11 study item “HetNet mobility improvements for LTE” [1], one of the main objectives is:

· Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe (RAN2, RAN1 if requested by RAN2)

In this contribution, the HetNet mobility performance under ABS with pico cell range extension is evaluated via simulation. Some of the issues are identified. The observations are shown and discussed in the contribution.
2. Discussion
2.1. Simulation Overview
In this simulation, the large area simulation parameters and assumptions are followed from [2] unless otherwise specified. With the same macro/pico placement and the same basic configurations as used for calibration (UE speed is 30 km/h, configuration set 3 is used except the A3 offset), the simulation is conducted with different pico cell range extension and on/off of the macro ABS to compare the impact of ABS on the mobility performance. When ABS is enabled at the macro cell, within the ABS sub-frame, the interference from the serving macro cell is removed. The same ABS is enabled over 57 cells.
2.2. Performance with different pico cell range extensions and macro ABS
The pico cell range extension of 3 dB, 6 dB, 9 dB, 12 dB, 15 dB with ABS at the macro cell on or off are simulated. The diagrams of the total HO performance are shown as follows. More detailed simulation results are shown in the Annex.
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Figure 1. UE mobility performance with or without macro cell ABS when the pico cell has 3 dB bias. 
[image: image3.png]Total HO failure rate [%]

40.0

m 6dB pico cell bias and no macro ABS

W 6dB pico cell bias with macro cell ABS

35.0

30.0

25.0

20.0

15.0

10.0

5.0 +

0.0

N/A
——

macro-pico

pico-macro

T T
macro-macro  pico-pico overall




[image: image4.png]Total successful HOs/UE/s

0.2
01
01
0.1
01
01
0.0
0.0

0.0

W 6dB pico cellbias and no macro ABS
W6 dB pico cell bias with macro cell ABS

N/A

macro-macro pico-pico overall




      




Figure 2. UE mobility performance with or without macro cell ABS when the pico cell has 6 dB bias
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Figure 3. UE mobility performance with or without macro cell ABS when the pico cell has 9 dB bias
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 Figure 4. UE mobility performance with or without macro cell ABS when the pico cell has 12 dB bias
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Figure 5. UE mobility performance with or without macro cell ABS when the pico cell has 15 dB bias
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Figure 6. UE Short ToS performance with or without macro cell ABS when the pico cell has different bias
Observation 1: If the macro ABS is not enabled, the more range extension is achieved via bias offset the more HOFs are introduced for pico-macro and macro-pico handovers. 
Observation 2: After the macro ABS is enabled, the pico-macro and macro-pico HOF rate reduced significantly. The HOF rate after ABS does not have a clear trend/correlation with the bias offset value for pico range extension.
Observation 3: After the macro ABS is enabled, the number of pico-macro and macro-pico HOs are increased a lot. The macro-macro HOF rate increased slightly due to the macro/pico placement model in this simulation. With the pico placement as shown in [2], the bigger pico coverage is extended, the more relative better macro-macro border area is covered by the pico cell. Only the worse corner border area is left and therefore lead to worst HOF rate.
Observation 4: The more pico range extension is applied, the more pico-pico HO activities are observed, due to the pico placement
Observation 5: With macro ABS, pico-pico handover performance is also improved significantly.
Observation 6: When ABS is not enabled, the more pico range extension, the less ping-pong and S-ToS are observed. When ABS is enabled, the more pico range extension, the more ping-pong and S-ToS are observed. This is also due to the pico placement in current simulation.
General observation: with ABS is enabled, the handover performance between the macro and pico cells is improved significantly and macro/pico handovers will not be an issue in HetNets.
3. Conclusions
Based on the simulation results, the follow we have the following observations:
Observation 1: If the macro ABS is not enabled, the more range extended via bias offset more HOFs are introduced for pico-macro and macro-pico handovers. 
Observation 2: After the macro ABS is enabled, the pico-macro and macro-pico HOF rate reduced significantly. The HOF rate after ABS does not have strong correlation with the bias offset value for pico range extension.
Observation 3: After the macro ABS is enabled, the number of pico-macro and macro-pico HOs are increased a lot. The macro-macro HOF rate increased slightly due to the increased interference from the pico cell to the macro cells.

Observation 4: The more pico range extension is set, the more pico-pico HO activities are observed. 

Observation 5: With macro ABS, pico-pico handover performance is also improved significantly. After ABS is enabled, pico-pico HOF rate is the highest due to the large distance between the picos and their low power.

Observation 6: When ABS is not enabled, the more pico range extension, the less ping-pong and S-ToS are observed. When ABS is enabled, the more pico range extension, the more ping-pong and S-ToS are observed.
In general, our simulation confirms that from the UE mobility perspective for large pico range extension, employing ABS at macro is desired. With ABS is enabled, the handover performance between the macro and pico cells is improved significantly and macro/pico handovers will not be an issue in HetNets.
4. Annex: Complete Simulation Results
Table 1. Handover performance in HetNets with pico range extension 3 dB, no macro ABS, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000118
	0.003012
	0.001141
	0.000000
	0.004270

	
	
	HO failure rate [%]
	0.394981
	10.917801
	1.396458
	0.000000
	3.135454

	
	3
	HOFs/UE/s
	0.000473
	0.000000
	0.000056
	0.000000
	0.000529

	
	
	HO failure rate [%]
	1.579926
	0.000000
	0.068120
	0.000000
	0.414399

	
	Total
	Successful HOs/UE/s
	0.029344
	0.024573
	0.080492
	0.000000
	0.134408

	
	
	HOFs/UE/s
	0.000591
	0.003012
	0.001196
	0.000000
	0.004799

	
	
	HO failure rate [%]
	1.974907
	10.917801
	1.464578
	0.000000
	3.549853


	#Ping pongs/UE/S
	0.014634
	 
	TOS/UE/S
	0.044735
	 

	Ping pong rate [%]
	10.89196
	 
	S-TOS rate[%]
	33.297096
	 


Table 2. Handover performance in HetNets with pico range extension 3 dB, macro ABS enabled, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000103
	0.000059
	0.001464
	0.000000
	0.001626

	
	
	HO failure rate [%]
	0.351141
	0.219479
	1.740353
	0.000000
	1.145861

	
	3
	HOFs/UE/s
	0.000000
	0.000000
	0.000059
	0.000000
	0.000059

	
	
	HO failure rate [%]
	0.000000
	0.000000
	0.070317
	0.000000
	0.042050

	
	Total
	Successful HOs/UE/s
	0.029368
	0.026884
	0.082597
	0.000000
	0.138850

	
	
	HOFs/UE/s
	0.000103
	0.000059
	0.001523
	0.000000
	0.001685

	
	
	HO failure rate [%]
	0.351141
	0.219479
	1.810671
	0.000000
	1.187911


	#Ping pongs/UE/S
	0.015161
	 
	TOS/UE/S
	0.047433
	 

	Ping pong rate [%]
	10.9119
	 
	S-TOS rate[%]
	34.22449
	 


Table 3. Handover performance in HetNets with pico range extension 6 dB, no macro ABS, UE speed of 30 km/h, the rest of parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000058
	0.012004
	0.000769
	0.000000
	0.012831

	
	
	HO failure rate [%]
	0.145932
	36.333699
	1.064471
	0.000000
	9.847690

	
	3
	HOFs/UE/s
	0.003764
	0.000000
	0.000000
	0.000000
	0.003764

	
	
	HO failure rate [%]
	9.467348
	0.000000
	0.000000
	0.000000
	2.881398

	
	Total
	Successful HOs/UE/s
	0.035940
	0.021158
	0.071467
	0.000000
	0.128564

	
	
	HOFs/UE/s
	0.003822
	0.012004
	0.000769
	0.000000
	0.016596

	
	
	HO failure rate [%]
	9.613280
	36.333699
	1.064471
	0.000000
	12.729089


	#Ping pongs/UE/S
	0.014659
	 
	TOS/UE/S
	0.040705
	 

	Ping pong rate [%]
	11.57635
	 
	S-TOS rate[%]
	32.14572
	 


Table 4. Handover performance in HetNets with pico range extension 6 dB, macro ABS enabled, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000067
	0.000172
	0.001054
	0.000000
	0.001293

	
	
	HO failure rate [%]
	0.176852
	0.481474
	1.393005
	0.000000
	0.864006

	
	3
	HOFs/UE/s
	0.000000
	0.000007
	0.000037
	0.000000
	0.000045

	
	
	HO failure rate [%]
	0.000000
	0.020934
	0.049397
	0.000000
	0.029966

	
	Total
	Successful HOs/UE/s
	0.037958
	0.035515
	0.074557
	0.000000
	0.148030

	
	
	HOFs/UE/s
	0.000067
	0.000179
	0.001091
	0.000000
	0.001338

	
	
	HO failure rate [%]
	0.176852
	0.502407
	1.442403
	0.000000
	0.893972


	#Ping pongs/UE/S
	0.018083
	 
	TOS/UE/S
	0.053276
	 

	Ping pong rate [%]
	12.19635
	 
	S-TOS rate[%]
	35.93388
	 


Table 5. Handover performance in HetNets with pico range extension 9 dB, no macro ABS, UE speed of 30 km/h, the rest of parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000035
	0.015944
	0.000452
	0.000000
	0.016431

	
	
	HO failure rate [%]
	0.070862
	63.056625
	0.703463
	0.000000
	13.919121

	
	3
	HOFs/UE/s
	0.013894
	0.000000
	0.000021
	0.000000
	0.013915

	
	
	HO failure rate [%]
	28.330499
	0.000000
	0.032468
	0.000000
	10.324513

	
	Total
	Successful HOs/UE/s
	0.035114
	0.010460
	0.063750
	0.000000
	0.109324

	
	
	HOFs/UE/s
	0.013929
	0.015944
	0.000473
	0.000000
	0.030346

	
	
	HO failure rate [%]
	28.401361
	63.056625
	0.735931
	0.000000
	24.243635


	#Ping pongs/UE/S
	0.010669
	 
	TOS/UE/S
	0.029102
	 

	Ping pong rate [%]
	10.22924
	 
	S-TOS rate[%]
	27.90217
	 


Table 6. Handover performance in HetNets with pico range extension 9 dB, macro ABS enabled, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000065
	0.000266
	0.000758
	0.000000
	0.001089

	
	
	HO failure rate [%]
	0.135685
	0.586771
	1.118781
	0.000000
	0.693821

	
	3
	HOFs/UE/s
	0.000016
	0.000008
	0.000000
	0.000000
	0.000024

	
	
	HO failure rate [%]
	0.033921
	0.017781
	0.000000
	0.000000
	0.024958

	
	Total
	Successful HOs/UE/s
	0.047494
	0.045122
	0.067046
	0.000000
	0.159662

	
	
	HOFs/UE/s
	0.000081
	0.000274
	0.000758
	0.000000
	0.001114

	
	
	HO failure rate [%]
	0.169607
	0.604552
	1.118781
	0.000000
	0.718778


	#Ping pongs/UE/S
	0.019987
	 
	TOS/UE/S
	0.05938
	 

	Ping pong rate [%]
	12.45537
	 
	S-TOS rate[%]
	37.00407
	 


Table 7. Handover performance in HetNets with pico range extension 12 dB, no macro ABS, UE speed of 30 km/h, the rest of parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000056
	0.008429
	0.000386
	0.000323
	0.009194

	
	
	HO failure rate [%]
	0.090131
	75.487115
	0.580475
	51.685393
	7.020522

	
	3
	HOFs/UE/s
	0.032060
	0.000000
	0.000007
	0.000028
	0.032095

	
	
	HO failure rate [%]
	51.464624
	0.000000
	0.010554
	4.494382
	22.834174

	
	Total
	Successful HOs/UE/s
	0.030179
	0.004562
	0.066120
	0.000323
	0.101184

	
	
	HOFs/UE/s
	0.032116
	0.008429
	0.000393
	0.000351
	0.041289

	
	
	HO failure rate [%]
	51.554754
	75.487115
	0.591029
	56.179775
	29.854696


	#Ping pongs/UE/S
	0.011152
	 
	TOS/UE/S
	0.026551
	 

	Ping pong rate [%]
	11.53204
	 
	S-TOS rate[%]
	27.45482
	 


Table 8. Handover performance in HetNets with pico range extension 12 dB, macro ABS enabled, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000088
	0.000255
	0.000678
	0.000115
	0.001136

	
	
	HO failure rate [%]
	0.150557
	0.464967
	1.122122
	4.609929
	0.609299

	
	3
	HOFs/UE/s
	0.000026
	0.000009
	0.000000
	0.000000
	0.000035

	
	
	HO failure rate [%]
	0.045167
	0.016033
	0.000000
	0.000000
	0.019977

	
	Total
	Successful HOs/UE/s
	0.058392
	0.054736
	0.059766
	0.002369
	0.175263

	
	
	HOFs/UE/s
	0.000115
	0.000264
	0.000678
	0.000115
	0.001172

	
	
	HO failure rate [%]
	0.195724
	0.481000
	1.122122
	4.609929
	0.629276


	#Ping pongs/UE/S
	0.022233
	 
	TOS/UE/S
	0.066716
	 

	Ping pong rate [%]
	12.68979
	 
	S-TOS rate[%]
	38.07944
	 


Table 9. Handover performance in HetNets with pico range extension 15 dB, no macro ABS, UE speed of 30 km/h, the rest of parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000045
	0.003512
	0.000171
	0.001131
	0.004859

	
	
	HO failure rate [%]
	0.054975
	81.944444
	0.271162
	76.000000
	2.187047

	
	3
	HOFs/UE/s
	0.052725
	0.000000
	0.000000
	0.000007
	0.052733

	
	
	HO failure rate [%]
	64.925783
	0.000000
	0.000000
	0.500000
	35.387227

	
	Total
	Successful HOs/UE/s
	0.028439
	0.002299
	0.062942
	0.000424
	0.094103

	
	
	HOFs/UE/s
	0.052770
	0.003512
	0.000171
	0.001138
	0.057592

	
	
	HO failure rate [%]
	64.980759
	81.944444
	0.271162
	76.500000
	37.574275


	#Ping pongs/UE/S
	0.011124
	 
	TOS/UE/S
	0.024071
	 

	Ping pong rate [%]
	12.16733
	 
	S-TOS rate[%]
	26.32864
	 


Table 10. Handover performance in HetNets with pico range extension 15 dB, macro ABS enabled, UE speed of 30 km/h, the rest parameters following the configuration set 3 [2].
	
	
	
	Handover performance in HetNets

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall

	Alcatel-Lucent
	2
	HOFs/UE/s
	0.000065
	0.000223
	0.000317
	0.000047
	0.000652

	
	
	HO failure rate [%]
	0.099929
	0.355714
	0.596282
	0.860585
	0.289493

	
	3
	HOFs/UE/s
	0.000093
	0.000000
	0.000009
	0.000009
	0.000112

	
	
	HO failure rate [%]
	0.142755
	0.000000
	0.017538
	0.172117
	0.059895

	
	Total
	Successful HOs/UE/s
	0.065050
	0.062686
	0.052763
	0.005353
	0.185851

	
	
	HOFs/UE/s
	0.000158
	0.000223
	0.000326
	0.000056
	0.000763

	
	
	HO failure rate [%]
	0.242684
	0.355714
	0.613820
	1.032702
	0.349389


	#Ping pongs/UE/S
	0.024045
	 
	TOS/UE/S
	0.071902
	 

	Ping pong rate [%]
	12.94542
	 
	S-TOS rate[%]
	38.71097
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