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HetNet mobility performance
5.1
Simulation assumptions
5.1.1 HO Failure Modelling
5.1.2 Evaluation of Ping-pong

The time that a UE stay connected with a cell after a hand-in is used as the metric to evaluate the ping-pong behavior. The “Time of stay” in a cell A is the duration from when the UE sends HO complete (RRCConnectionReconfigurationComplete msg.) to the cell A, to when the UE sends HO complete to another cell B. There should be the minimum time of staying connected with a cell to allow a UE establishing a reliable connection and conducting efficient data transmission with the cell. If a UE hand-in then hand-out a cell and back to the original source cell with the time connected to the cell less than the minimum-time-of-stay (MTS), it is considered a ping-pong. In general, if the time-of-stay with a new serving cell is less than MTS after a hand-in, it is consider an un-necessary hand-off. 
Definition 1: A hand-in then hand-out a cell and back to the original source cell is defined as a ping-pong if the time-of-stay connected in the target cell is less than a pre-determined MTS.
Definition 2: Ping-pong rate is defined as (number of ping-pong handovers)/(total number of successful handovers excl. HO failure).
Recommended MTS value to be used for the simulation: 1second.

The distribution of “time-of-stay” should be collected for study of the ping-pong behaviour.
5.1.3 Typical Radio Parameter Configurations

The recommended simulation parameter values are based on TS36.814 and are shown in the following table 1.

Table 1: Basic radio configurations for the mobility simulation in HTNs

	Items 
	Macro cell 
	Pico cell

	ISD 
	1.732 km, 500m 
	

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1
	TR 36.814 Pico cell model 1

	*Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	Correlation distance of Shadowing
	TBD ?50 m? 
	TBD ?13 m?

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern  
	The same pattern as is specified in TR 36.814,  Table A.2.1.1.2-2
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2.0Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	TR 36.814.

	
	


*Note: in the table the number of pico cells in the sector of interest is 1. For the large area system simulation, the number of pico cells could be a variable.

The simulation study will be conducted in two phases: hot spot around a pico cell and large area involving multiple macro and pico cells. In the first phase, a small area focusing on the pico cell will be simulated; this corresponds to the hot spot model for the UE movement and trajectory. In the second phase, a larger area focusing on the system as a whole with a number of macro and pico cells will be simulated for evaluating the impact of the pico cell deployment to the system. This corresponds to large area system model for the UE movement and trajectory (see section 5.1.5). 

5.1.4 HetNet mobility specific parameters 

The following table captures the additional recommended HetNet mobility specific parameters:

Table 2: HetNet mobility specific parameters 
	Items 
	Description 

	Pico cell placement
	0.5 ISD, 0.3 ISD on the boresight direction

	*Cell loading 
	100%, 50%

	UE speed 
	3 km/h, 120km/h, 30km/h, 60km/h 

	Channel model 
	TBD (Either TU (fast fading included) or ITU)

	TimeToTrigger  [ms]
	40, 80, 160, 480

	cellIndividualOffset  (Ocn for A3) [dB]
	-1, 0, 1, 2, 3 

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133
	40ms, 80ms, 200ms

	Layer3 Filter Parameter K
	 4, 1, 0

	measurement error modeling
	TBD (Truncated Gaussian within [-3 dB +3 dB] with std deviation 2 dB)

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Fast fading is included in the simulation since it may have a big impact to low speed UEs’ handover performance. 

It should be noted that TS36.331 requires that the time characteristics of the L3 filter to be preserved by scaling the K value when the sample period is less than 200ms.

*The percentage of cell loading means the percentage of the total resource blocks being used in a cell during a given period of time. There are no difference between DL interference generated by full buffered background users and full power transmission in N% RB. The latter could simplify scheduler a lot.
5.1.5 UE Placement and Trajectories

Regarding to the UE placement and trajectories,  two different approaches are chosen for hot spot simulation and large area system simulation:

1. Simulation for the “hot spot” covered by a pico cell. 

In a trial, a UE is randomly placed on a circle around the pico cell at a hot spot. Then the UE moves straight in a randomly picked direction within an angle toward the pico cell. A trial is finished when the UE hit the circle on the other side.  

As an example shown in Figure 1, the pico is placed at the 0.3 ISD from the eNB on the bore sight direction. A circle is drawn with pico center as its center and 0.3 ISD as the diameter. A UE is placed randomly on the circle and let it move towards the pico at random angle with in +/- 45 degrees with the radius. The UE doesn’t change the direction and the speed until it reaches the circle then start another trial (equivalent to that the UE is initially placed in the circle at any location then moves straight in a random direction and bounces back at the circle with a random angle). 
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Figure 1 Pico placement and the mobile trajectories for Macro-to-Pico and Pico-to-Macro Mobility
2. The large area system simulation

At the very beginning, a UE is randomly placed (or multiple UEs are uniformly placed) over the entire simulation area with many macro and pico cells and a random direction is selected by the UE. The UE then moves in this direction. It does not change direction till it hit the border of the large area for simulation. The UE will bounce back from the border and move toward a randomly picked new direction.
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