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Discussion
1
Introduction

In RAN#43, it has been agreed as a working assumption that UE RSRP measurement requirement will be developed based on 200ms measurement period [1]. In the Kobe RAN4 meeting it was discussed how many intra-frequency cells the UE is able to detect and thus, how many intra-frequency cells the UE has be able to measure in E-UTRA.  
In UTRA the following UE requirements has been agreed for intra-frequency measurements in the Section 8.1.2.2.2 of [2]. 
In the CELL_DCH state the measurement period for intra frequency measurements is 200 ms. When no transmission gap pattern sequence is activated, the UE shall be capable of performing CPICH measurements for 8 identified-intra-frequency cells of the monitored set and/or the active set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.
In this contribution, we use dynamic simulation simulator to study the number of identifiable cells in a typical macro cell scenario in E-UTRA. In the simulations we have not considered any practical terminal implementation limitations e.g. in terms of receiver sensitivity, dynamic range etc. Instead we try to understand how many cells the UE would potentially be able to detect with a certain assumed detection threshold. In order to cover also future terminal performance enhancements like low detection threshold have also been considered in the simulations. We have also investigated the impact of traffic load on number of identifiable cells. Furthermore, we also compare the results under both synchronous and asynchronous network.
2
System Simulation Results
2.1 Simulation Setup

The number of identifiable cells is 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. 
Cell detection level is modelled by filtering SNIR levels of reference symbol over measurement period. This is not a real measurement in the UE but instead samples are collected ideally for all the cells over given UE measurement bandwidth and measurement period (“measurement interval”). In each “measurement”, SNIR is calculated by dividing the total power of a cell’s all first reference symbol (R0) by the total received noise and interference at the same sub carriers over the whole measurement bandwidth. The collected measurement results are then non-coherently averaged over a “measurement interval” window.
We model UE detection ability as a fixed SNIR threshold, and compare the fixed SNIR threshold with filtered SNIR measurement results. If filtered SNIR value of one cell is larger than the fixed threshold, this cell is considered to be identified at the time of comparison. In the simulation, we vary the fixed threshold from 0dB to -20dB. It should be noted that based on our initial implementation considerations the lowest SNIR threshold of -20 dB is clearly lower than what we see really feasible as boundary conditions for UE cell identification requirements in E-UTRA. However, before this level of details could be considered for the E-UTRA UE minimum performance requirements further terminal implementation and performance studies are needed and we see this as a next step in the RAN4 requirement setting.  
Table 1 Simulation Scenarios

	Scenario
	UE Speed
	Inter-Site Distance (m)
	Penetration loss (dB)

	3GPP Case 1 as defined in TR25.814
	3 km/h
	500
	20


2.2 Simulation Results
In Figure 1, we show the simulation results regarding number of identifiable neighbour cells as a function of assumed detection threshold. We can see that more number of neighbouring cells can be identified with lower detection threshold as expected. In this simulation, System is loaded with 56% of traffic.
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Figure 1: Number of identifiable neighbour cells as a function of neighbour threshold [dB].
In Figure 2, we show the simulation results regarding number of identifiable cells as a function of traffic load. Here, traffic load is defined as ratio of used PRBs. From this figure, we can observe that UE can detect more neighbours when traffic load is low. In average, less than two neighbours can be identified.
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Figure 2: Number of identifiable cells as a function of total RB load [% of RBs allocated].
In Figure 3, we show the simulation results regarding the percentage that number of identified cells is larger than eight (UTRA reference number). From this figure, we can observe that when receiver detection threshold is larger than -15dB, the percentage that more than eight cells can be identified is less than 1%. When detection threshold is set to -20dB, there is a more noticeable increase in this ratio. For example, when the load is 56%, there is roughly about 9% that more than eight neighbours can be identified but still the probability is reasonably low. 
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Figure 3: Probability of more than 8 identifiable neighbours
Figure 4 shows the CDFs of number of detectable neighbours with neighbour threshold -10 dB with both asynchronous and synchronous network. From this figure, we can observe that under asynchronous network, traffic load has a significant impact on number of detectable cells. Additionally we can note that asynchronous network when network is not fully loaded represent some kind of a worst case in terms of number of cells that the UE is able to detect. Thus, the RAN4 working assumption to use asynchronous networks in its UE requirement definitions seems justified.
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Figure 5: Comparison of asynchronous and synchronous network.
4
Conclusions
In this contribution we use dynamic system simulator to study the number of identifiable cells in E-UTRA. The simulation results show that average number of identifiable cells is between 1 and 4 depending on assumed detection threshold and traffic load. It should be noted that rather lower detection thresholds without terminal implementation impairments have been considered in the simulations. If the detection threshold is equal or larger than -15dB, this probability is smaller than 1%. If receiver sensitivity threshold is -20dB, simulation results show that in some cases there is roughly 9% probability that more than eight neighbours can be identified. 
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Annex 1: Simulation parameters
	Feature/Parameter
	
	Value/Description

	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
	27 sectors/10 BSs

	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Antenna pattern
	70-degree sectored beam

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

	Penetration loss
	
	20 dB /10 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 finite buffer

	
	File size
	2 MB

	
	Packet size
	1500 B

	
	Packet sending interval
	20 ms

	Handover Measurement
	Measurement Interval = Sliding Window Step
	50ms

	
	Sliding Window Size
	200ms

	
	Time-To-Trigger
	200ms

	
	Measurement Error
	0dB 

	
	HO Margin
	3dB

	Receiver diversity
	
	2RX MRC
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[image: image6.emf]CDF of number of detectable neighbours with asynchronous and 

synchronous network (NT-10)
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[image: image7.emf]CDF of number of detectable neighbours with NT-10
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