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1
Introduction
As part of the Rel-12 Study Item on HSPA Hetnet ([1]), RAN2 is responsible to study mobility issues and potential enhancements.

This paper focuses on the performance evaluation methodology, taking some inputs from the earlier study on LTE mobility enhancements contained in [2]. 
As described in a separate paper ([3]), seamless and robust mobility of HSPA users from macros to picos, and vice versa, should be supported to enable offloading benefits. In particular, the study is proposed to cover the following areas
-
Identify and evaluate performance of serving cell change (SCC) in HSPA Hetnet
-
Identify and evaluate performance of enhanced serving cell change (eSCC) in HSPA Hetnet
2
Hetnet Mobility Performance Evaluation
The following performance evaluation areas, or assumptions, have been identified:

-
The study should consider more pico deployments e.g., with picos placed within the macro cell coverage and with more picos per macro cell.

-
The study should investigate the impact of range expansion on mobility with different CIO values.

-
The study should investigate the impact of event trigger parameters on mobility with different TTT and reporting range values.

-
Both handover failure rate and ping-pong rate should be reported at different UE speeds.
2.1
General Simulation Assumptions

This section describes some main simulation assumptions that should be considered during the study. 
2.1.1
Handover Failure Modelling
2.1.1.1
Simplified Handover Failure Model

For both SCC and eSCC, a simplified handover failure (HOF) model will focus on event 1d. Specifically, an HOF is declared in SCC if, upon arrival of Radio Bearer Reconfiguration (RBR) message, the actual downlink signal quality (e.g., CPICH Ec/Io) of the serving cell is below a call drop threshold. An HOF is declared in eSCC if, upon arrival of HS-SCCH order from the target cell the actual downlink signal quality (e.g., CPICH Ec/Io) of the new serving cell (i.e., the target cell) is below a call drop threshold. These HOF models are illustrated in Figure 2.1.1.1.1 and Figure 2.1.1.1.2. 
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Figure 2.1.1.1.1 Simplified HOF model for SCC
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Figure 2.1.1.1.2 Simplified HOF model for eSCC
2.1.1.2
Additional Considerations on Handover Failure

For SCC, a handover failure may also happen when a radio link failure happens to the serving cell but there are no other candidates in the active set to switch to, either because the serving cell is the only member of the active set or all the members in the active set fail at the same time. Though this is unlikely, it should be counted as a handover failure as well. An indirect cause to this type of handover failure is probably a malfunctioning event 1a. A failed event 1a has a more direct impact on eSCC. Therefore, companies should log failed event 1a separately in either SCC or eSCC. The failure model for event 1a is similar to the handover failure model. Upon reception of ASU by UE, if the downlink signal quality (CPICH Ec/Io) is below a threshold, an event 1a failure is declared.
2.1.1.3
Resuming from Handover Failure

During the simulation, after a handover failure is encountered, the UE is reinitialized to resume the simulation.
2.1.2
Ping-pong Modelling

The time that a UE stays connected with a cell after a handover is used as the metric to evaluate the ping-pong behaviour. The “Time of stay” (ToS) in a cell A is the duration from when the UE successfully sends a “handover complete” message (i.e. a RRC complete message) to the RNC, to when the UE successfully sends another “handover complete” message. The minimum time of stay (MTS) connected with a cell models the time needed to allow a UE to establish a reliable connection with the cell, plus the time required for conducting efficient data transmission. If a UE makes a handover from cell B to cell A and then makes a handover back from cell A to cell B (i.e. the original source cell in the first handover), and the time connected to the cell A was less than the MTS, it is considered as a ping-pong. In general, if the UE’s ToS in a cell is less than MTS, it is called a short time-of-stay and the handover may be considered as an un-necessary handover. 
Recommended MTS value to be used for the simulation is 1 second.

The distribution of “time-of-stay” (CDF) should be collected for study of the ping-pong behaviour.
Whenever there is a handover failure, the time of stay should not be logged.
2.2
Other Simulation Assumptions

2.2.1
Typical Radio Parameter Configurations

The recommended simulation parameter values are shown in the following Table 2.2.1.1.

Table 2.2.1.1: Basic radio configurations for the Hetnet mobility simulation

	Items 
	Macro cell 
	pico

	ISD
	500m, 1000m
	

	Distance-dependent path loss 
	L=128.1+37.6 log10(R), R in kilometers
	L=140.7+36.7log10(R), R in kilometers

	Number of sites/sectors
	19/57
	1

	Max BS Antenna gain 
	14dBi
	5dBi

	Max UE Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	50 m
	50 m

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

	Antenna pattern
	3GPP ant (2D ant):
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	2D ant, omni-directional

	Carrier Frequency
	2.0GHz 
	2.0GHz 

	BS Total TX power 
	43dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	75m between macro and pico, 40m between picos


2.2.2
Hetnet mobility specific parameters

Table 2.2.2.1 captures the additional recommended Hetnet mobility specific parameters:

Table 2.2.2.1: Hetnet mobility specific parameters

	Items
	Description

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the bore sight direction. Or randomly placed.

	Pico density
	1, 2, 4, 8, 16

	Cell loading [%]
	100

	UE speed  [kmph]
	3, 30, 60, 120

	Channel Model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	Event 1A, 1B Reporting Range [dB]
	4.5

	Event 1A, 1B TimeToTrigger [ms]
	0

	Event 1A, 1B Hysteresis [dB]
	0

	Event 1A, 1B Network Delay [ms]
	200

	Event 1D TimeToTrigger [ms]
	320, 640, 1280

	Event 1D Hysteresis [dB]
	3

	Event 1D Network Delay [ms]
	200

	Tmeasurement period intra [ms] see [4]
	20

	Layer3 Filter Parameter K
(corresponding to 458ms filter time constant with Tmeasurement period intra =20 ms)
	9

	measurement error modelling [dB]
	Normal distribution with deviation = 1.216

	CIO [dB]
	0, 3

	Max active set size
	4

	Threshold for receiving RBR/ASU, Ecp/Ioth [dB]
	-20


Fast fading should be included in the simulation since it may have a big impact to low speed UE’s handover performance.
2.3
UE Placement, Trajectories and Cell Placement for Large Area Simulation
The wrap-around model is used for large area simulation (see [2] for details). The simulation area (within the contour of wrap-around area) should include at least 2 tiers of macro sites. UE at any cell in the simulation area should experience the interference from two tiers of macro cells plus the picos cells within.
After initially dropped at a random location, the UE will randomly select a direction and move in straight line at a constant speed till hitting the simulation border. When the UE hits the simulation border (the wrap-around contour), it will wrap around and enter the simulation area from a different point on the wrap-around contour.
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Figure 2.3.1: Pico cells and UEs are randomly dropped in the wrap-around contour.

3
Conclusions
In this contribution, we discussed the performance evaluation methodology for the study of HSPA Hetnet mobility, and proposed some assumptions to be used as basis for large area simulations.
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