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1 Introduction

In previous RAN1 meetings, some contributions, e.g. [1][2], have addressed the issue of using       sounding reference signal (SRS) as the uplink positioning signal. This contribution provides an algorithm which employs SRS for LTE network based positioning. Reasonability of the algorithm formulation and simulation results quantifying the possible positioning accuracy are also given.  
2 Time of Arrival (ToA) Estimation Using SRS 
A network based positioning requires the collaboration of serving cell and cooperating cells. It is composed of two steps:

1. Serving and cooperating cells perform ToA estimations for the signal transmitted by the target UE (the UE to be positioned);
2. Given the estimated ToAs at Step 1, either the differences of ToAs (TDoA) or simply ToAs themselves can be used for location determination. 
In this contribution, SRS is adopted as the positioning signal transmitted by the target UE for ToA estimation. The ToA estimation algorithm using SRS is illustrated below. Consider a system with the size of FFT equal to N. Suppose the SRS Zadoff-Chu sequence is
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, where M is the sequence length. This sequence is mapped to every second subcarriers of the frequency band to which the SRS is allocated. Suppose the frequency band corresponds to subcarriers k0 to k0+2M-2.
Let the discrete-time SRS transmitted by the target UE be s(n). For the ease of math operation, the wireless channel is assumed to be time-invariant during a single transmission of SRS. At the eNB (either serving or cooperating cell), after cyclic prefix removal, the received SRS is y(n-n0), where 
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with h(n) being the impulse response of the wireless channel, 
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the operator of circular convolution, and n0 the propagation delay between the target UE and the eNB in terms of the number of samples. The goal here is to estimate n0 by the observation y(n). Taking FFT of y(n) and discarding those points without Zadoff-Chu sequence, we can obtain
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This sequence is performed dot-product with X*(k) to get rid of X(k), yielding
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Zero-padding Z(k) to a length-N/2 sequence and taking N/2-point IFFT, we can obtain 
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where
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The proof for the expression of z(n) is provided in Appendix. Searching for
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, we can obtain the estimate of n0. 
At the extreme case of k0 = 0 and 2M = N, we obtain g(n) = h(n-n0). Since the length of h(n) is generally less than N/2, the peak of |z(n)| occurs at the arrival time of the strongest path. For a general case that k0 ≠ 0 and 2M < N, since sin(2 (n-l)M/N)/sin( (n-l)/N) within the expression of g(n) is non-close to zero only when the summation variable l is around n, g(n) can be viewed as a weighted sum of h(n-n0-t)’s with t around both sides of 0.
The block diagram of the SRS based ToA estimation algorithm is shown in Figure 1. In the figure, it is assumed there are more than one SRS transmissions. The IFFT output of each transmission is normalized to compensate for the powers of different channel realizations. The magnitudes of these normalized outputs are summed, and the peak is searched to obtain the timing estimate. 
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Figure 1. Block diagram of ToA estimation algorithm using SRS
Compare with the method of [3]-[5], the ToA estimation algorithm proposed here exploits the advantage of OFDM technology in coping with multipath channels. 
3 Simulation Assumptions
Simulation assumptions are given in Table 1. 
Table 1. Simulation assumptions for SRS based uplink positioning 
	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
	3 eNBs (1 serving eNB + 2 cooperating eNBs) form an equilateral triangle

	Inter-site distance
	[500, 1732] meter

	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, channel model,

and UE speed
	Case 1 (indoor): 20 dB, EPA, 3 km/h

Case 2 (outdoor): 10 dB, ETU, 30 km/h

(Penetration loss is isotropic)

	Frequency reuse factor
	1

	Signal to noise ratio
	10dB

	Intercell interference to thermal noise ratio (IoT)
	Mean: [0, 7] dB; Variance: 2dB

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

	Interference collision rate (ICR) at cooperating cells
	[0, 0.8]

	Length of SRS sequence
	24

	Number of SRS transmissions
	5 and 10

	Detection window
	[2.5, 8.66] microseconds for inter-site distance of [500, 1732] meter 

	Others

	Location determination algorithm
	Algorithm for nonlinear least squares problems in Reference [4]


Some details are provided below.

Cell layout
Only 3 eNBs (1 serving eNB plus 2 cooperating eNBs) participate in UE positioning. These 3 eNBs form an equilateral triangle.

SRS configuration 

The length of the SRS sequence we adopt in most simulations is 24, which 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 number of SRS transmissions is 5 or 10. According to [5], the time limit of location determination/verification latency is 30 second. As the SRS periodicity is 2-320ms [6] and 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. For positioning accuracy, there is no need to reschedule SRS as well; if the scheduled SRS sequence length is longer than 24, it gives a better positioning accuracy. Thus, no extra uplink transmission is necessary for the target UE to execute positioning. 
Positioning accuracy for a length-72 SRS will also be simulated to demonstrate the performance boost when a wider sounding bandwidth is used. However, using such sounding bandwidth for positioning may require SRS rescheduling among UEs when a positioning request appears. 

Interference model
At the serving cell, the signal to thermal noise ratio (SNR) is fixed to be 10dB. The maximum power UE can transmit is 23dBm. 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, 7] dB and variance 2dB. Thus, the average signal to intercell interference plus thermal noise ratio (SINR) is [7, 2.2] dB. 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. At the cooperating cells, another UE is sending data at the sounding band with probability [0, 0.8], called interference collision rate (ICR), which results in intracell interference at cooperating cells.  
Location determination algorithm

This algorithm refers to the second step of positioning stated at the beginning of Section 2. It is basically a solver to nonlinear least squares problems. As mentioned in Section 2, the input to the algorithm may be either TDoA or ToA. From our experiments, TDoA generally yields more accurate position estimation than ToA. However, when an error occurs due to shadowing, interference, or other unfavourable factors, TDoA tends to have large errors. To yield good positioning accuracy, a rule in deciding when to use TDoA or ToA is required. 
4 Simulation Results and Discussion
In this section, we show the empirical cumulative distribution function (CDF) of the positioning error when the ToA estimation algorithm demonstrated in Section 2 is employed under the simulation assumptions in Section 3. Each CDF curve is generated by 1,000 realizations. Simulation assumptions of each figure are described at the figure title, where channel types of Cases 1 and 2 refer to (EPA, 3km/hr, penetration loss 20dB) and (ETU, 30km/hr, penetration loss 10dB), respectively. Four CDF curves are shown in each figure for IoT value of 0 and 7dB and number of SRS transmissions equal to 5 and 10. 
Figures 2 and 3 show empirical CDFs for ICR of 0 and 0.8, respectively, with common assumptions of inter-site distance 500 meter, SRS sequence length 24, and Case 1 channel type. It is seen there is no obvious difference in positioning accuracy for the two ICR values. This is because there are several times of SRS transmissions as diversity. 
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Figure 2
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Figure 3

In Figures 4 and 5, same simulation assumptions as those of Figures 2 and 3 are used except that the channel type is Case 2. It is seen the positioning accuracy is obviously worse in Case 2 channel than in Case 1.
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Figure 4
[image: image14.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

X: Positioning Error (in meters)

F(X)

Inter-site dist.=500m, ICR=0.8, SRS seq. length=24, Channel type: Case 2

IoT = 0dB, 10 SRS Txt

IoT = 7dB, 10 SRS Txt

IoT = 0dB, 5 SRS Txt

IoT = 7dB, 5 SRS Txt


Figure 5
In Figures 6 and 7, the inter-site distance is 1732 meter. Compare with Figures 2 and 3, we can see the positioning accuracy is obviously worse than that for inter-site distance of 500 meter.
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Figure 6
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Figure 7
Compare Figures 8-9 with Figures 6-7, we can see the difference of positioning accuracy in two channel types is not large when inter-site distance is 1732 meter. Case 1 channel has a better performance than Case 2 channel.
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Figure 8
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Figure 9
In Figures 10-13, the sequence length of SRS is increased to 72 for inter-site distance 1732 meter to boost the performance when the inter-site distance is large. It shows the increase of sequence length effectively raise the probability that the positioning error is less than 100 meter. 
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Figure 10
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Figure 11
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Figure 12
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Figure 13
Compare Figures 10 and 12, the probability that the positioning error is smaller than 50 meter is larger in Case 1 channel than in Case 2. However, for the probability of positioning error smaller than 250 meter, Case 2 channel yields a lager probability than Case 1. This is an evidence of the ToA estimation algorithm’s effectiveness in exploiting multipath channels (the number of paths in Case 2 channel is larger than Case 1), and multipath fading is not necessarily an unfavorable factor in communications. Similar conclusion can be drawn from comparing of Figures 11 and 13.

5 Conclusion
In this contribution, a network based positioning using SRS is proposed. Advantages of the scheme are summarized: 
1. No extra uplink transmission is required;
2. No rescheduling of SRS is necessary;
3. The benefit of OFDM technology in coping with multipath fading is incorporated.

Based on the discussions in this contribution, we propose that SRS is used as the positioning signal of the target UE for LTE network based positioning. 
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Appendix:
Proof for the Expression of z(n)
Denote the FFT of y(n) by Y(k). We can obtain z(n) from Y(k) via the following steps:
1. Except for 
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 all other Y(k)’s are set to 0;

2. Y(k) is circularly shifted to the left by k0 points;
3. Subsample Y(k) by a factor of 2, i.e. 
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4. Take IFFT of the length-N/2 sequence. 
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The output of Step 1 is Y(k)U(k), whose IFFT is given as
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The IFFT of the output of Step 2 is equal to the right-hand-side of the above equation multiplied with
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