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1 Introduction

In [1] we provided system simulation results to analyse the benefit of RSRQ when doing quality based IF handovers. The previous paper [2] showed results for different handover evaluation criteria. In this contribution we similar results also for one more criterion, which was not mentioned in our previous paper in [1]. 

2 IF Handover Evaluation Criteria 
The table 1 lists one additional handover evaluation criterion (# 4 in table 1) compared to the previous ones in [1]. The simulation assumptions and scenarios are the same used in [1], which in turn are based on the RAN4 agreement [2]. The assumptions are repeated in annex A.
Table 1: Criteria for triggering measurement and for handover decision

	
	IF HO Evaluation Criteria

	
	IF measurement triggering
	IF Handover decision

	1
	RSRP only
	RSRP only

	2
	RSRP only
	RSRQ only

	3
	RSRQ only
	RSRQ only

	4
	RSRQ only
	RSRP only

	5
	RSRP OR RSRQ
	RSRP AND RSRQ


3 Simulation Results
Figures 1 and 2 show the time variation of RSRP and RSRQ respectively. The measurements are done by the UE from the serving and target cells. The results show that the criterion comprising of RSRQ based triggering and RSRP based handover decision does not ensure the desired received quality. It does reduce the number of handovers but the quality is not maintained after handover. Therefore we don’t recommend this criterion since objective of quality based handover is not achieved i.e. quality should be kept within the desired limit. 
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Figure 1: Mean voice packet loss rate for different handover evaluation criteria
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Figure 2: Mean number of handovers for different handover evaluation criteria

4 Summary and Recommendation
In this contribution we have provided results for all possible handover evaluation criteria comprising of different combinations of RSRP and RSRQ. Our conclusion is the same as provided in [1], i.e. IF quality based handover triggering and handover decision require both signal strength and quality measurements. According to our analysis, in which RSRP and RSRQ are used, both RSRP and RSRQ are needed for IF quality based handovers.
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Annex A: System Parameters
Table 2: Simulation parameters 

	Parameters
	Value
	Comments

	Cellular layout
	7 cells 
	7 cells with wrap around on each carrier; hexagonal cellular layout. 1 cell per site per carrier; IF cells are co-located. 

	Carrier frequencies 
	2
	F1 and F2; F1 is more loaded than F2.

	L1 measurement period
	200 ms
	For intra-frequency as well as inter-frequency RSRP and RSRQ measurements

	L3 filtering co-efficient (k)
	2
	L3 filtering is used with k = 2

	System bandwidth
	5 MHz
	Duplex mode: FDD

	Measurement BW
	6 RB
	For both RSRP and RSRQ

	Scheduler
	
	Round Robin

	Traffic for observation
	
	VoIP

	Traffic for generating load 
	
	Bursty Web traffic; more Web traffic on F1 to increase load

	VoIP packet size
	304 bits
	Including all headers: RTP, UDP and IP

	VoIP mean bit rate
	15.2 kbps
	

	Channel model
	TU
	

	VoIP packet loss criteria
	> 80 ms
	Packet with delay greater than 80 ms are treated as lost

	UE speed 
	90 km/hr
	

	HO delay 
	50 ms
	Delay added to packets being transmitted during HO

	Simulation seeds
	100
	Mean value taken after 100 simulations with different seeds


Table 3: Additional simulation parameters 

	Parameters
	Value
	Comments

	Cell radius
	750 m
	

	Number of BS transmit antenna
	1 
	

	Number of UE receive antenna 
	2
	

	Shadow fading standard deviation
	8 dB
	Log-Normal distribution

	Shadow fading correlation between cells
	0.5
	

	Time to trigger
	0
	TTT not used.

	Maximum path gain 
	-70 dB
	

	Carrier frequency
	2 GHz
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