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1 Introduction

In the last RAN4 meeting (RAN4#45) system simulation scenarios for studying the impact of RSRQ on inter-frequency handover were agreed [1]. The objective of the study was to evaluate if there is any noticeable benefit of using RSRQ when performing IF handovers. This paper provides simulation results for various IF handover evaluation criteria according to these agreed studies. 

2 Simulation Scenario
2.1 IF Handover Evaluation Criteria 
The measurements on the cells belonging to another frequency or the so-called inter-frequency handover measurements are carried out by the UE during measurement gaps. During the gaps the UE solely perform neighbour cell measurements and does not receive any data. Therefore measurement gaps should be activated when necessary. Due to this reason IF handover comprises of two steps:
IF measurement triggering: In this phase UE starts measuring on the target carrier frequency. It is based on measurement(s) from the serving cell only. In other words the gaps are triggered according to an absolute threshold. 
IF handover decision: In this phase the network takes the decision to perform the handover if necessary. It is based on the comparison of measurement quantities between serving and target cells on different carriers i.e. based on relative threshold.
The triggering and decision can use the same or different type of measurement quantities: RSRP and RSRQ. This gives rise to multiple possibilities. In this contribution the following 4 different evaluation criteria are studied to observe any possible benefit of RSRQ in the context of IF handovers. 
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
	RSRP OR RSRQ
	RSRP AND RSRQ


2.2 Simulation Assumptions and Models
The simulation assumptions are summarized in table 2. The L1 measurement period is 200 ms for both intra-frequency and inter-frequency measurement quantities. This is equivalent to using more frequent measurement gaps e.g. 6 ms gap every 40 ms for inter-frequency measurements. Some additional system parameters are provided in table 3 in Annex A.
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


The measurement model of measurement quantities considers practical aspects including coherent and non coherent measurement sampling, inclusion of measurement errors etc. Furthermore in case of RSRQ, the RSRP and carrier RSSI measurement samples are obtained at the same time.

The carrier frequency F1 is deliberately more loaded than F2 by introducing more Web traffic on the former. This is done to enable the triggering of inter-frequency handovers i.e. activation of gap assisted measurements and subsequently handover to a cell on F2 according to the evaluation criterion.  
The handover performance and VoIP quality of a VoIP user is to be observed. There is one VoIP user (i.e. test user) in the system. The test user performs intra-frequency handovers as usual. But if necessary as dictated by the handover evaluation criteria in section 2.1, the UE may also perform IF handovers.  

The relative threshold between the target and serving cell used for the handover decision is 3 dB for both RSRP and RSRQ, i.e. the target cell must be at least 3 dB stronger than the serving cell for doing handover to the target cell.  
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 user is not dropped due to bad quality. This will cause more severe degradation of voice call (i.e. voice packet loss) if the correct type of handover is not timely executed. Therefore voice packet loss performance is observed for different types of handovers and evaluation criteria as depicted in figure 3. In order to ensure adequate voice reception quality the mean voice packet loss rate should not exceed 1%. The figure shows that firstly without IF handover the voice quality up to 1% is not sustainable at high load. The figure also shows that both IF handover criteria 2 (triggering/decision: RSRP/RSRQ) and 4 (triggering/decision: RSRP OR RSRQ/RSRP AND RSRQ) lead to voice packet loss rate well below the target 1%. 
Figure 4 illustrates the impact of different handover evaluation criteria on the mean number of handovers; relative mean no of IF handovers are expressed for different schemes. The figure clearly shows that firstly any scheme involve RSRQ reduces the mean no of IF handovers.  IF handover criteria 3 (triggering/decision: RSRQ/RSRQ) appears to be the best; it leads to 3 times less IF handovers compared to criteria 1, which is entirely RSRP based. But overall scheme 4 seems to be the best since it also fulfils the desired voice packet loss rate (i.e. < 1%). Also scheme 4 (combined RSRP/RSRQ) compared to scheme 1 (only RSRP based) reduces the number of IF handovers by approximately 3 times.     
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Figure 1: RSRP measurement from serving and target cells
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Figure 2: RSRQ measurement from serving and target cells
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Figure 3: Mean voice packet loss rate for different handover evaluation criteria
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Figure 4: Mean number of handovers for different handover evaluation criteria

4 Summary and Recommendation
In this contribution we have provided system simulation results which compare several IF handover evaluation criteria. The two main performance measures are: mean voice packet loss rate and mean number of IF handovers. It has been shown that IF handover scheme entirely based on RSRP leads to worse overall performance compared to all other schemes, which involve RSRQ. 
It should be noted that the simulated scenario is comprised of 2 carrier frequencies, which are deployment in a regular hexagonal base station sites. In more challenging downlink limited scenarios, which are often witnessed in high rise buildings, the RSRQ based handover schemes are likely to provide even more gain in terms of reduced number of IF handovers. Additionally in such scenarios RSRP-only based IF handover would cause even higher packet loss rate since much worse downlink quality is likely to be experienced due to the delay in the handover process. 
In the light of the analysis and results presented in this contribution we list some of our recommendations below. Nonetheless, we would also like to hear the opinion of other companies:
· RSRQ is a suitable metric for quality based handovers. Therefore, RSRQ (in addition to RSRP) is needed to ensure improved performance of quality based handovers i.e. IF and IRAT HO.
· IF handover triggering and decision based on combined scheme (i.e. that uses both RSRP and RSRQ: criteria 4) results in overall best system performance.

· There is no need to define any event comprising of combined RSRP and RSRQ measurements (i.e. no event needed corresponding to criteria 4). Instead network can use events based on individual measurement quantities for trigger gap-assisted measurements and for taking handover decision. 

· RAN4 defines appropriate RSRQ performance requirements (for intra-frequency and inter-frequency RSRQ) to ensure proper usability of the measurement quantity.
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Annex A: Additional System Parameters
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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