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1
Introduction

In this contribution we present initial system level simulations results for analysing handover performance for the serving frequency layer using different UE DL measurement quantity candidates in the handover evaluation. We also present some conclusions on the feasibility of the simulated measurement quantity candidates from the handover performance perspective. It is expected that eventually these UE measurement and handover performance related findings will be captured in the “Measurement Requirements for E-UTRA” TR. 
2
Discussion
The intention of the dynamic system level simulations presented in this contribution is to compare the hard handover performance with potential UE DL measurement candidates to see which one of the potential candidates should be further studied and potentially then later on used in the handover evaluation. In these initial system simulation results we have concentrated on DL level measurements. Furthermore, in the simulations we have concentrated on the serving frequency layer, which we see as the most critical on from the handover performance perspective in a frequency re-use = 1 network as discussed e.g. in [1]. In addition to the level measurement studies some studies may be needed on timing measurements area once the handover execution procedure is clearer. 
In UTRA the main UE measurement quantities used for handover evaluating are CPICH Ec/Io and CPICH RSCP. Additionally in the early days of UTRA development also CPICH SIR was proposed but later on it was concluded that this measurement would not be needed. Based on the current working assumptions on the DL control channels in RAN1 DL reference signals seem the most promising candidate for performing measurements of the serving cell and neighbour cells for the handover evaluation purposes as the reference signals can be used to distinguish cells from each other on the physical layer. This same indication was given in several contributions presented in the last RAN1 meeting. Thus, in the contribution we have only concentrated on analysing handover performance with Reference Signal based measurement quantities. 
3
System Simulations
In our simulations we have started performance analysing with rather similar UE measurement quantity candidates as the ones used in UTRA. We have simulated filtered Reference Signal (RS) signal strength and RS signal strength/ RSSI. Additionally since a new access technology is defined we have also evaluated similar UE measurement quantity as the early proposed CPICH SIR. We call this additional measurement quantity candidate as RS SNIR. All measurement quantities have been studied without measurement error due to UE implementation impairments but the actual measurements have been accurately modelled in the simulator.
The performances of UE handover measurements are studied using a fully dynamic time-driven simulator, which simulates UL and DL directions simultaneously with a symbol resolution. Terminals are moving with a certain predefined speed within the network. In the simulation cases presented in this contribution we have concentrated on DL performance studies. We have assumed similar event-triggered measurement reporting and HO triggering as in UTRA. We have used reference signals for neighbour cell measurements in similar manner as CPICH is used in UTRA. We have then investigated performance differences of three potential UE RS measurement quantities used for mobility support. The used handover parameters are also similar to those used in UTRA.

We have implemented the event-driven HO procedure to the simulator by the UE conducting HO measurement periodically with a “measurement interval”. The collected measurements results are averaged over a sliding window ( “sliding window size”). New averaged measurement results are always obtained after every “sliding window step”. If the averaged measurement results satisfy a given HO evaluation criteria, UE will send a measurement report to the network, which then initiates the actual Hard HO execution. It has been assumed that all terminals are able to perform the serving frequency layer measurements (i.e. measurements between cells with the same carrier frequency and operating BW) without gap assistance. 
In Figure 1 the number of handovers is presented for three simulated UE measurement quantity candidates as function of loading. The load is defined as the number of physical layer resource blocks used to transmit DL data to total number of available resource blocks in Physical Downlink Shared Channel. Then in Table 1 the corresponding Resource Block SNIR and Reference Signal power level values are presented for CDF points of 5%, 50% and 95%.
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Figure 1 Number of handovers as a function of loading for different UE DL measurement quantity candidates (Sliding Window Size =200ms, Measurement Interval = 50ms)
Table 1 CDF curves for RB SNIR and RS power levels with different loadings
	Measurement Quantity under study
	Usage of RBs [%]
	RB SNIR [dB] at 5% CDF point
	RB SNIR [dB] at 50% CDF point
	RB SNIR [dB] at 95% CDF point
	RS level [dBm] at 5% CDF point
	RS level [dBm] at 50% CDF point
	RS level [dBm] at 5% CDF point

	RS signal strength
	98
	-9
	5
	21
	-67
	-53
	-37

	RS signal strength
	84
	-9
	5
	22
	-67
	-53
	-37

	RS signal strength
	60
	-9
	6
	24
	-67
	-53
	-37

	RS signal strength
	42
	-9
	7
	26
	-67
	-53
	-37

	RS signal strength
	32
	-8
	7
	27
	-67
	-53
	-37

	RS SNIR
	98
	-9
	5
	21
	-67
	-53
	-37

	RS SNIR
	83
	-9
	6
	23
	-67
	-53
	-37

	RS SNIR
	58
	-9
	7
	25
	-67
	-54
	-37

	RS SNIR
	41
	-9
	7
	27
	-68
	-54
	-37

	RS SNIR
	32
	-9
	8
	27
	-69
	-54
	-37

	RS signal strength/RSSI
	98
	-9
	5
	21
	-67
	-53
	-37

	RS signal strength/RSSI
	82
	-9
	6
	22
	-67
	-54
	-37

	RS signal strength/RSSI
	58
	-9
	6
	25
	-67
	-54
	-37

	RS signal strength/RSSI
	41
	-9
	7
	27
	-67
	-54
	-37

	RS signal strength/RSSI
	32
	-9
	8
	27
	-68
	-54
	-37


As we can see from the results of Table 1 there are no significant differences in these initial system simulations in terms of RB SNIR or Reference Signal reception power. Some variation can e.g. been observed in 5% CDF point of RS signal strength levels for RB SNIR and somewhat also for RS signal strength/RSSI as these measurement quantities are dependent on loading. This variation may indicate some changes in the location where the handover is executed. However, some further studies would be needed before any further conclusions on these differences can be made.  Rather large differences can be observed in the number of handovers. As anticipated based on the early UTRA work RS SNIR does not seem a reliable UE measurement quantity for handover purposes due to higher number of handover than with other two simulated measurement quantities and significant variation in the number of handovers as function of loading and no real performance gain is achieved even in the DL RB SNIR results. Thus, we believe that it can already be concluded based on these initial simulation results that there is no need to consider SNIR type of UE measurement quantity for handover purposes further. 
The simulation results for the number of handovers also indicate little variation in the number of handovers when RS Signal Strengh/RSSI measurement quantity is used but this variation is not significant. At the same time the Signal Strength/RSSI quantity simulations show even less number of handovers than the simulations with the RS signal strength measurement quantity with the given handover parameters. This difference is, however, expected to be caused by the fact that the 3 dB handover threshold does not mean exactly the same amount of hysteresis for these two simulated measurement quantities due to different definitions. 
Before anything further can be concluded on the feasibility of the UE DL measurement quantities for supporting the serving frequency layer handover further studies are still needed.
4
Conclusions
In the document [2] we have discussed UE measurement needs for supporting serving frequency layer handovers. In this contribution we have shown our initial system level simulations results for analysing handover performance for three UE DL measurement quantity candidates that could potentially meet at least some of the measurement needs identified in [2].
It is felt that the most promising channel for performing measurements of the serving cell and neighbour cells for the handover evaluation purposes is the reference signals as cell specific reference signals can be used to distinguish cells from each other on the physical layer. All the UE DL measurement quantise studied in this contribution are based on cell specific reference signal. The simulated UE DL measurement quantities are RS signal strength (power), RS SNIR and RS signal strength/RSSI. 
Already based on these initial simulation results it can be concluded that RS SNIR is not very reliable UE measurement quantity for handover evaluation purposes due to significantly higher number of handovers than in case RS signal strength or RS signal strength/RSSI measurement quantity and sensitivity to loading changes. 
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Annex: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Network synchronization
	
	Synchronized

	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
	27 cells

	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	4

	
	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, Constant Bit Rate

	Cell Load
	
	Roughly 30% ~ 100%

	UE Speed
	
	30km/hour

	Handover Measurement
	Measurement Interval
	50ms

	
	Sliding Window Size
	200ms

	
	HO Threshold
	3dB

	Receiver assumptions
	
	1RX


















































































































































































































































