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1. Introduction

In the previous meetings discussion on UE measurement quantities apart from RSRP measurement has continued. In RAN4 meeting #43bis we presented results based on dynamic system simulations evaluation of the different measurement quantities [3]. This contribution focused on RSRP, RS SNIR and RSSI. Based on the results it was concluded that it may be rather difficult to utilise this RSSI measurement quantity for load based handover triggering, e.g. between different E-UTRA frequency layers, and that RS SNIR would not be well suited for triggering coverage based handovers. It was felt that triggering of inter-frequency load balancing handovers should be based on the network RRM algorithms and estimation methods, as also proposed in [4].
As RSSI can be seen to be included to definition of RSRQ it was felt that the same limitations and concerns of its usability could be extended to RSRQ. However discussions held in RAN4 meeting #45 it was raised that RSRQ could be still used to quality based handover triggering, for example by using extended averaging over time domain. In this contribution we present further simulation results for the RSRQ. These are based on the same scenarios as used in [3].     
2. RSRQ vs. cell load
In this section we present the used simulation scenario and the obtained results.
2.1 Simulation set-up
In this section we compare the RSRP measurement quantity vs cell load. This study has been performed using a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have assumed similar event-triggered measurement reporting and HO triggering as applied in UTRA. We have used RSRP measurements for evaluating the best cell and for making the actual handover decisions. The used handover parameters are also similar to those used in UTRA. In addition to RSRP measurement for intra-frequency handover purposes, the UE also makes and reports RSRQ measurements periodically. 
To evaluate the impact of fractional load situation to RSRQ the same definitions of RSSI as used in [3] have been applied to RSRQ. In this way we can better understand how and whether selected measurement strategy in the UE affects the results. The two RSSI measurement modes 
(1) RSSI mode 1: RSSI measurements are done in such symbols that contain reference symbols and control channels in the serving cell. 

(2) RSSI mode2 : RSSI measurements are done in such symbols that only contain data in the serving cell
In context of this document the corresponding RSRQ measurements based on these mentioned RSSI measurement modes are named accordingly, RSRQ mode1 and mode 2. In the simulations the UE makes RSSI measurements with predefined period (parameter: measurement interval). The collected measurement results are then non-coherently averaged over a 200ms sliding window (“measurement period”). RSRP is also averaged over the same period. RSRQ is then calculated from these averaged values. To obtain further stability in the observed results we have used additional sliding window for averaging the RSRQ measurement. Two values, 800ms and 2000ms have been used.
2.2 Reliability RSRQ measurement quantity vs load and distance from the serving cell 
This chapter presents the study on the reliability of RSRQ measurement quantities vs cell load for various physical locations in the network cluster. Only cells in green colour transmit signal (i.e. are real cells). In this study, we consider following two scenarios. First, the UE moves directly between two green cells (shown as green arrow in Figure 1). Second, UE moves out of the coverage area (from one green cell towards blue area, shown as blue arrow in Figure 1). UE uses RSRP as HO measurement quantity. Meanwhile, the RSRQ measurements are gathered.
Detailed simulation assumptions are presented in the Annex A.
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                          Figure 1 UE movement within network cluster
Measurement results of RSRQ mode 1, RSRQ mode 2 vs distance from the initial serving cell towards neighbouring cell and from the initial serving cell outside of the cluster respectively are shown in Figures 2 to 7 REF _Ref179381887  \* MERGEFORMAT . The results for the UE following the “green route” are on the left hand side and the results for the “blue route” on the right. First Figures 2 and 3 show RSRQ behaviour with 200ms sliding window. In Figures 4 and 5 show the results assuming 800ms additional filtering, and Figures 6 and 7 with 2000ms additional filtering. 
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Figure 2 – Left: Measured RSRQ mode 1 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 200ms sliding window
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Figure 3 – Left: Measured RSRQ mode 2 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 200ms sliding window
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Figure 4 – Left: Measured RSRQ mode 1 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 800ms additional sliding window
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Figure 5 –Left: Measured RSRQ mode 2 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 800ms additional sliding window
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Figure 6 – Left: Measured RSRQ mode 1 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 2000ms additional sliding window
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Figure 7 –Left: Measured RSRQ mode 2 vs. distance from the initial serving cell (middle cells). Right: Measured RSRQ vs. distance from the serving cell (coverage edge case) with 2000ms additional sliding window

The results given for 200ms measurement period without any additional filtering show larger variations especially with lower load situations. 
Looking at the results with additional filtering following observations can be made. When high load is assumed, neither of the used RSRQ measurement modes show large variations in terms of the distance travelled with any of the parameters assumed (mode/sliding window length). Similar observation can be made for the RSRQ mode 1 in case of medium and low load in both scenarios and sliding window lengths. RSRQ mode 1, which could be seen to correspond the scheduling strategy based approach given in [5], shows no or very low change as a function of the distance and is rather insensitive in terms of load variations (as could be expected based on results shown in [3]. RSRQ mode 2 shows some resemblance to the expected behaviour depicted in [6] at the coverage edge case, but this is mostly true only for the low load case, where as for highly loaded case the observed behaviour. 

Increased filtering period stabilises the measurement quantity behaviour which can be seen beneficial. It is not however clear that for example with the 2000ms filtering period, the RSRQ could be still used for handover triggering.  
3. Conclusions

In this contribution we have presented further results evaluating the RSRQ measurement quantity and trying to evaluate its suitability for load and quality based handover. As the previous results for RSSI indicated, also the RSRQ measurements show the same dependency on UE measurement strategies and how well different type of traffic conditions are observed in the measurements. Therefore the usability of RSRQ as a load estimate does not seem well justified. Clear conclusion of the feasibility or RSRQ measurement for quality based handover cannot be made based on these results yet. However, these results already indicate that due to the large variations observed some additional filtering over multiple measurement periods/samples would at least be needed. To have final resolution on this it is proposed that further evaluations would be performed, assuming the use of RSRQ for quality based handovers in a similar manner as CPICH Ec/Io is used for UTRA. 
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Annex A Simulation Parameters:

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors

	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	6

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Penetration loss
	
	20 dB

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	FTP_NO_TCP

	Cell Load
	
	To be varied 17%,48%, 90%

	UE Speed
	
	30km/hour

	
	Time-To-Trigger
	0ms

	
	HO Decision delay
	0ms, 

	
	
	

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC

	RSSI,RSRP Measurement
	Measurement Bandwidth
	10MHz

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0
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