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1 Introduction

In RAN1#60, contributions [1] and [2] had different views about simulation assumptions of network-based positioning in LTE. In the draft agenda of RAN1#60bis, an item is devoted to “Network-Based Positioning Support for LTE” with the focus on agreement of evaluation assumptions. In this contribution, we express our views on this topic with the sounding reference signal (SRS) used as the positioning reference signal.
2 Simulation Assumptions
Simulation assumptions are given in Table 1. 

Table 1. Simulation assumptions for network-based positioning with SRS adopted as the          positioning reference signal
	System Parameters

	Bandwidth and FFT size
	10 MHz, 1024 points

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Equipment Model

	eNB
	Number of RX antennas
	2
	UE
	Number of TX antennas
	1

	
	Antenna gain
	15dBi (3-sector antenna as defined in TR 36.942)
	
	Antenna gain
	Omni, 0dBi

	
	Noise figure
	5dB
	
	Power class
	23dBm

	Deployment Parameters

	Cell layout
	Hexagonal grid, wrap around

	Shadowing factor
	Lognormal shadowing std. dev. 8dB, Correlation distance of shadowing 50 m

	Path loss model
	PL (dB) = 128.1 + 37.6 log10 (R [km])

	Penetration loss, Inter-site distance,

and UE speed
	Case 1: 20dB, 500m, 3km/hr (indoor)
Case 2: 10dB, 500m, 30km/hr (outdoor) 

Case 3: 20dB, 1732m, 3km/hr (indoor)
(Penetration loss is isotropic)

	Frequency reuse factor
	1

	Signal to noise ratio
	10dB

	Intercell interference to thermal noise ratio (IoT)
	Mean: 0, 3.5 and 7dB; std. dev.: 3dB

	Number of contending UEs (target UE excluded) at serving cell, sounding collision rate (SCR)
	2, 0.5

	Interference collision rate (ICR) at cooperating cells
	0, 0.5, and 0.8

	Channel model 
	AWGN, EPA, ETU

	RMS clock synchronization error between LMUs
	50 nsec

	Detection window
	12.5 microseconds

	False alarm rate (noise only)
	0.5 %

	UE Voice Coverage
	UTOA/UTDOA is calculated only in points on the grid where UE has voice coverage (UE power is 23dBm or less)

[including penetration loss case]

	SRS Parameters
	

	Length of SRS sequence
	24 and 72

	Number of SRS transmissions
	5, 10, 25, and 50

	SRS frequency hopping
	Disabled


	Simulation output
	1. Detection curves (detection probability vs coop SINR) for each reference SINR

2. RMS error curves (RMS TDOA Error vs. coop SINR)

3. Accuracy curves (Probability vs Error)


Some details are provided below.

SRS configuration 

The length of the SRS sequence is 24 or 72. The former is the shortest SRS sequence length. The reason to choose SRS of this length is twofold. First, it can be used for any system bandwidth. Secondly, positioning accuracy obtained with length-24 SRS is a lower-bound performance; SRS of longer lengths generally yield better performance. The length-72 SRS sequence is used to see how much performance enhancement is obtained with a wider sounding bandwidth.  

The number of SRS transmissions is 5, 10, 25, or 50. According to [3], the time limit of location determination/verification latency is 30 seconds. As the SRS periodicity is 2-320ms [4], if the number of SRS transmissions is only a few, in terms of latency, rescheduling of SRS is not needed when a positioning request comes in. 
Interference model

At the serving cell, two other UEs may be sending SRS of the same length and at the same band as the target UE. These two UEs appear independently with probability 0.5, called sounding collision rate (SCR). 
For both serving and cooperating cells, the intercell interference is modeled as independent and identically distributed Gaussian random process; intercell interference to thermal noise ratio (IoT) is a Gaussian random variable with mean [0, 3.5, 7] dB and 3dB standard deviation. Thus, the average signal to intercell interference plus thermal noise ratio (SINR) is [7, 4.9, 2.2] dB. 
At the cooperating cells, other UEs are sending data at part of the sounding band, which results in intracell interference for SRS detection. Specifically, for each OFDM symbol during the transmission of the SRS, each resource block in the sounding band is independently interfered by a UE with probability [0, 0.5, 0.8], called interference collision rate (ICR). The ICR can also be used to accommodate the effect of frequency hopping; thus, SRS frequency hopping is disabled in the simulation assumption.    
Mechanism to enhance positioning accuracy
· Scheme 1: Cell ID information

· d := estimated distance of the target UE to the serving eNB by TOA measurement algorithm

· If d is smaller than a threshold, e.g. 100 meters, then the position of the serving eNB is utilized as the target UE position
In determining the target UE position from the TOA measurements of serving and cooperating eNBs, either U-TOA or U-TDOA algorithm can be used. The latter has the advantage of yielding more accurate results most of the time; however, it tends to make a larger positioning error than the former when its positioning error is greater than a threshold. The following scheme suggests a simple way to determine which algorithm to use.
· Scheme 2: Whether U-TOA or U-TDOA is used? 

· (xTDOA, yTDOA) := estimated position of the target UE by U-TDOA positioning algorithm 

· (xTOA, yTOA) := estimated position of the target UE by U-TOA positioning algorithm
· If the distance from (xTDOA, yTDOA) to the serving eNB is smaller than d, then (xTDOA, yTDOA) is declared as the target UE position; otherwise, (xTOA, yTOA) is used.
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