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Discussion and decision
1. Introduction
Considering increased demand for wireless communication services, it will be difficult for conventional cellular systems to meet required capacity and coverage. Heterogenous network (HetNet) is one of the promising and cost-effective approaches to improve system-wide throughput, hence to provide better user experience. HetNet means the cellular deployement that consists of cells with different sizes and overlapping coverages, e.g. a number of micro and pico cells overlaid with a macro cell. The hetergenoeus deployment already has been discussed in detail in RAN1 under the scope of the LTE-A study item [1].
In this contribution, we discuss if the current layer-2 standards are enough to provide mobility between a macro cell and overlaid pico cells under the heterogeneous deployment.
2. Discussion 
In the subsequent discussions, a basic HetNet deployment scenario with two cell layers, “maco layer” and “pico layer”, is assumed. The macro layer consists of normal macro cells with the same size, whereas the pico layer is made up with pico cells with various sizes depending on its location and interference from the macro cell. The pico cells are assumed to be deployed in the open space. (i.e., outdoor pico cells)
2.1 Mobility to pico cells overview
The following figure 1 shows received signal strength from a macro eNB with radius(R) 410m and 3 pico cells located at 164m(0.4R), 246m(0.6R) and 328m(0.8R) apart from the center of the macro eNB respectively. The macro eNB and pico cells are assumed to have 46dBm and 30dBm transmission power according to [2]. 
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Figure 1 RSRP from macro cell and pico cells

The figure 1 shows that the radio condition near the pico cell is quite different from normal macro cell edge area shown in figure 2. In the macro cell edge, the received signal strength from a neighbour cell is expected to be similar with the signal strength from the serving cell. But the received signal strength from the pico eNB increases rapidly in the cell edge between the macro cell and the pico cell when the UE approaches the pico coverage. And the signal strength increment from the pico cell is quite bigger than the signal strength decrement from the macro eNB. Therefore, if the UE keeps using same mobility parameters for macro to macro handove, it may experience handover failure or RLF with high probability as shown in the following figure 3. The following sections will analyze expected performance for handover to pico cells.
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Figure 2 Macro to macro handover






Figure 3 Macro to pico handover
2.2 Simulation setup
System level simulation was performed to show mobility performance for macro to macro handover and macro to pico handover. Macro layer was modeled as typical 3-tier, 57-sector setup with radius(R) 410m and transmission power 46dBm. Only one pico cell with 3 different locations, as shown in the figure 1, is considered to simplify the simulation. UE mobility is considered in two directions. In the trajectory 1, the UE starts from the location that is close to the macro cell and 0.2R apart from center of the pico cell, and stops at the center of the pico cell. In the trajectory 2, the UE starts from the same distance from the pico cell but near macro cell edge area, and stops at the center of the pico cell.

[image: image4.emf]
Figure 4 Simulation setup
UEs near pico cells deployed in the open space may have various speeds. The following mobility scenarios are considered in the simulation.

· UEs walking around

· UEs moving in typical low to mid speed vehicles

· UEs moving in very high speed vechicles that pass through urban expressway
UE speed 3km/h (walking speed), 30km/h (low speed vehicle), 60km/h (mid speed vehicle) and 120km/h (high speed vehicle) were considered according to the above 3 mobility scenarios.

Handover was modelled as four steps shown in figure 2 and 3. If measurement report or handover command cannot be received at the UE or eNB due to the channel quality degradation, it is assumed as handover failure. Also number of total handovers that the UE experiences during the simulation was counted to see ping-pong rate under various parameters. Handover failure rate and ping-pong rate were simulated with the following parameterzs:

· 4 differnet handover threshold: 0/1/2/3 dB

· 5 different time-to-trigger values: 40/80/160/320/480 ms

Speed-dependent scaling up and down is not considered as it is not easy to be used in the real cell site. More detailed simulation parameter can be found in the appendix.

2.3 Simulation result
2.3.1 Handover failure probability
Detailed simulation results are captured in the appendix. Handover failure ratio for 3km/h UEs was low enough for all (handover threshold, time-to-trigger) combinations as shown in the figure 11. (See the appendix) Also as 120km/h speed is not commonly found around pico cells, this section focuses on the 30km/h and 60km/h UEs.
The following two figures show handover failure probability for UEs moving at 30km/h and 60km/h speed. Y-axis is percentage of handover failure, and x-axis indicates various combinations of the handover threshold and the time-to-trigger value. Red and blue bars mean the failure probability of macro to macro handover and macro to pico handover respectively. In the figures, the pico cell at 0.4R location is choosen to simplify the pictograms as it suffers more handover failure than other locations.
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Figure 5 Handover failure ratio for UEs with 60km/h speed
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Figure 6 Handover failure ratio for UEs with 30km/h speed
In the above results, it can be seen that the TTT has higher relationship with the handover success/failure than handover threshold configuration. Longer TTT values will cause more handover failure regardless of the target cell type. Most of (TTT, HO threshold) combinations seem to be acceptable for macro to macro handover in the handover failure perspective, but long TTT values may not be good choices to support handover to pico cells for mid to high speed UEs. Also the trend that the pico cells close to the macro cell suffer from more handover failure is notable. (See the appendix)
Observation 1: Pico cells are more vulnerable to handover failure than macro cells.

Observation 2: TTT configuration has high relationship with the handover success and failure.
2.3.2 Number of handovers
The result of section 2.3.1 shows that long TTT value will cause more handover failure. But this does not mean that short TTT value whoud be better than longer ones as short TTT can cause side effects such as increased number of ping-pongs. The following two figures show number of handovers that the UE experiences during the simulation. Similarly as the previous section, UEs with speed 30km/h and 60km/h were considered. Y-axis of the figures is number of handovers, and x-axis indicates combinations of (TTT, HO threshold). Red and blue bars mean the number of handovers that the UE experiences during macro to macro handover and macro to pico handover respectively.
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Figure 7 Number of handovers for UEs with 60km/h speed
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Figure 8 Number of handovers for UEs with 30km/h speed
The simulation result shows that both TTT and handover threshold have high relationship with number of ping-pongs. I.e., shorter TTT will increase the ping-pongs regardless of type of target cells, and high handover threshold will suppress frequent ping-pongs. Also it can be seen that ping-pong will happen more frequently in macro to macro handover than handover to pico cells as serving cell and neighbour cells may have similar signal strength in the macro cell edge area.

Observation 3: Ping-pong will happen more frequently in macro to macro handover.

Observation 4: Short TTT and high handover threshold will suppress number of ping-pongs.
2.3.3 Considerable mobility parameter configurations

The mobility parameter configuration (TTT, HO threshold) should be selected considering both handover failure and ping-pong rate. As shown in section 2.3.1 and 2.3.2, long TTT may increase handover failure for the mid to high speed UEs moving to pico cells, whereas short TTT may increase number of ping-pongs for the normal macro to macro handovers. The following table shows handover failure probability and number of ping-pongs together for selected parameter configurations for 60km/h speed. It can be seen that 160ms to 480ms TTTs would be considerable for the mobility among normal macro cells with 3dB handover threshold, but 40ms setting would be needed to limit handover failure to pico cells.
Table 1 Handover performance for selected parameter configurations for 60km/h
	#
	HO parameters
	Macro to macro performance
	Macro to pico performance
	note

	
	TTT (ms)
	HO Threshold
	Failure rate
	# of handover
	Failure rate
	# of handover
	

	1
	480
	3 dB
	0
	2.36
	61%
	1.0
	Not acceptable for macro to pico HO

	2
	320
	3 dB
	0
	3.06
	43%
	1.0
	

	3
	160
	3 dB
	0
	3.75
	25.2%
	1.04
	

	4
	40
	0 dB
	0
	12.23
	4.1%
	1.24
	Not acceptable for macro to macro HO


The same observation can be found in the simulation result for speed 30km/h as well.

Table 2 Handover performance for selected parameter configurations for 30km/h
	#
	HO parameters
	Macro to macro performance
	Macro to pico performance
	note

	
	TTT (ms)
	HO Threshold
	Failure rate
	# of handover
	Failure rate
	# of handover
	

	1
	480
	3 dB
	1%
	3.01
	27%
	1.0
	Not acceptable for macro to pico HO

	2
	320
	3 dB
	0.3%
	3.54
	12%
	1.0
	

	3
	80
	3 dB
	0
	5.48
	0
	1.02
	Not acceptable for macro to macro HO


Observation 5: Different TTT configuration is required for macro to macro handover and macro to pico handover.
2.4 Limitation of current specification
In current RRC specification [3], it is allowed to configure cell individual offset, but cell specific timer-to-trigger is not allowed. As shown in previous simulation results, TTT configuration has high relationship with handover failure and ping-pongs. Also it’s shown that if pico cells are deployed with the macro cells in the same frequency, it is not possible to provide proper mobility to the pico cells with the same TTT configuration for macro handover. As a result, the rel-8/9 UEs moving to a pico cell under the co-channel pico cell deployment will experience frequent handover failure and re-establishment due to the TTT configuration optimized for macro layer mobility.
3. Conclusion 
This contribution shows that handover parameter configuration for pico cells needs to be different from that for the macro cells. Also it is noted that current specification clearly has some limitation to support pico specific parameter configuration.
Proposal: Cell specific mobility parameter, including Time-to-Trigger, should be considered to support mobility under HetNet deployment.
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5. Appendix
5.1 Simulation assumptions  
The system parameters are summarized in the Table 1 below. 

Table 1. System parameters
	Items 
	Macro cell 
	Micro cell

	Cell Radius 
	410m 
	Depends on the location

	Distance-dependent path loss 
	TR 36.814 Macro-cell model
	TR 36.814 Micro cell model

	BS/MS height 
	30/1.5 m
	3/1.5 m

	BS Antenna gain / Cable loss 
	17.5dBi / 2.5dB
	7.5dBi/ 2.5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	Antenna pattern  
	70 degrees,  Am = 20 dB 
	Omni 

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 5Mhz 
	2.0Ghz/ 5Mhz 

	BS Total TX power 
	46dBm 
	30dBm 

	Minimum distance between UE and cell 
	>= 35 meters 
	>= 10 meters  (only outdoor)

	MIMO scheme 
	DL : SFBC (2 X1)
	DL : SFBC (2 X1)

	Channel model 
	Ped.B for 3km/h, Veh.A for 30/120km/h 

	UE speed 
	3 km/h, 30km/h, 120km/h 

	Receiving algorithms 
	MRC 

	Noise figure  (BS/MS) 
	3.5/8.0 

	HARQ 
	Chase combining 

	PA/PB 
	-3 / 1 (Equal power allocation) 


5.2 Detailed simulation results
5.2.1 Handover failure rates for various UE speeds
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Figure 9 Handover failure ratio for UEs with 120km/h speed
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Figure 10 Handover failure ratio for UEs with 30km/h speed
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Figure 11 Handover failure ratio for UEs with 3km/h speed
5.2.1 Number of handovers for various UE speeds
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Figure 12 Number of handovers for UEs with 120km/h speed
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Figure 13 Number of handovers for UEs with 30km/h speed
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Figure 14 Number of handovers for UEs with 3km/h speed
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