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1. Introduction

This document discusses the trade-offs associated with time and frequency averaging for mobility measurements. With some initial simulations we attempt to demonstrate that using a shorter time averaging coupled with averaging over wider bandwidth (where applicable) would allow the use of dynamic mobility algorithms that react quickly to changes in channel conditions.
2. Discussion
2.1. Simulation Setup 

Table 1 shows the considered simulation parameters, while section 2.2 describes the details of the considered handover algorithm.

Table 1. Simulation Parameters

	Feature/Parameter
	
	Value/Description

	Simulation time step
	
	0.5 ms

	Bandwidth
	
	20 MHz

	IFFT/FFT length
	
	2048

	Network synchronization
	
	Synchronized

	Sub-carrier spacing
	
	15 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	3GPP Macro Cell Scenario
	Cell layout
	Hexagonal, 21 cells, 7 eNodeBs

	
	Inter site distance (ISD)
	1730 m

	
	Antenna Pattern
	3D

	
	# of sectors/cell
	3

	UE Mobility Algorithm
	UE Mobility model, Velocity, Direction, Range
	UE moving in 200m x 200m region equidistant from three sites

	
	
	If UE reaches the region boundary or gets too close to a site it moves with a random angle; If UE loses serving cell it reselects serving cell with a timeout

	
	Handover algorithm
	See description in the following section

	Shadowing correlation between cells/eNodeBs
	Intra eNodeB
	100% correlation between DL and UL and all cells of an eNodeB,
Decorrelation distance 10m for 3 and 30 kph, 50m for 120 kph, corresponding to a decorrelation time equal to 12, 1.2, and 1.5 seconds, respectively.

	
	Inter eNodeB
	Gudmundson’s correlation model

	Multipath delay profile
	
	Typical Urban, 6 taps, independent fading on each path and fixed path inter-arrival time

	Interference Model
	
	100% load

	UE Speed
	
	3, 30, 120 kph

	Receiver Diversity
	
	2 RX antennas with uncorrelated fading across the two antennas

	Simulated time
	
	240s


2.2. HO algorithm assumptions – Pictorial view 
Figure 1 shows the assumptions that have been made for the handover algorithm. The algorithm operates on the 
Es measurements averaged over a certain frequency range (which is here regarded as a parameter), that are then filtered to derive the metric used over which the handover decision is taken. When the filtered metric of a non serving cell gets better than the metric of the serving cell, a Time to Trigger timer is started. If this condition lasts for the whole duration of this timer, set to 50ms, then the UE sends a measurement report to the eNB, which then decides whether a handover command should be sent. This time is modeled as constant in the simulation, and equal to 50 ms. After receiving the HO command, the UE stops listening to the old serving cell and starts accessing the new serving cell, effectively entering a blind spot, that in the performed simulation lasts for 30 ms. After that, the user starts being served directly by the new serving cell.
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Figure 1. Pictorial representation of the handover algorithm assumptions
2.3. Simulation results - Frequency vs. Time averaging
The results presented show the distribution (CDF) of Es/Nt during handover as a function of different filtering time-window or bandwidths, for three different UE speeds. The considered Es/Nt values are logged 100 ms before and after the region during handover where the user is not being served by any cell.
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Figure 2. Frequency vs. Time averaging for TU3, TU30, and TU120
Note that because of the filtering length and measurement bandwidth examples were not chosen to maintain a fixed handover frequency, there may be differences in the realized handover frequency between the simulated cases.   
3. Conclusions
The above data shows that using a shorter time averaging coupled with averaging over wider bandwidth (where applicable) would allow the use of dynamic mobility algorithms that react quickly to changes in channel conditions.
It was shown that there is a considerable increase in received SNR when the measurement filtering length is reduced coupled with increasing the measurement bandwidth. Therefore we recommend reconsidering the decision made [1] about limiting the measurement bandwidth to 1.25MHz in all cases.  
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