3GPP TSG RAN WG1 Meeting #61bis
R1-103872
Dresden, Germany, 28th Jun – 2nd  July 2010
Agenda Item:
6.7
Source:
Andrew Corporation
Title:
Evaluation of Network Based Positioning 
Document for:
Discussion and Decision
1 Introduction

In the RAN#61 meeting, simulation assumptions for Network based positioning were decided [1]. Based on these simulation parameters, this contribution provides simulation results quantifying the accuracy, and refers to system level details for the realization of network based positioning. 
2 System and Simulation overview
In this contribution we have used Sounding Reference Signals (SRS) transmitted from the UE for timing measurements at Location Measurement Unit (LMU) to evaluate network based positioning. We have outlined the system level overview of how SRS would be used for positioning in previous submissions [2]

 REF _Ref264638682 \r \h 
[3] . 
The methodology of obtaining timing measurements for using SRS would be similar to that described in a previous submission [4] using data under Semi-Persistent Scheduling (SPS). However, it should be noted that there is no need for demodulation of the signal at the serving or reference LMU, as  the SRS sequence is known. Hence, the timing measurement accuracy is not affected by the demodulation performance of the signal at the reference LMU. All participating LMU(s) have a noiseless reference available to make the timing measurement. 
· Reference signal: Two sets of SRS signal with sequence length 24 and 144 are studied here for evaluation. All results shown in this submission assume that a UE transmits 200 SRS signals for positioning.
· SRS power offset: SRS power is assumed to be tied with PUSCH. It is categorically mentioned in the contribution whenever additional SRS offset power is used relative to PUSCH. It is further assumed that UE maintains 10dB SNR for SRS signal at the serving site except in the UE power limiting case.   

· Coordination:  No SRS coordination between cells is assumed in the simulation. 

· Channel Model: We have chosen ETU for the analysis here. 
· Interference – In this contribution we have assumed that there are 50 active VoIP users per MHz present, based on the assumption outlined in [1]. To analyze the interference we have further assumed that each VOIP user is transmitting 2 Resource Block (RB) every 20 TTI packet. We have simulated the interference in the case where 80% of the required RBs to support this level of data traffic are scheduled from same RBs among the neighbouring cells and the serving cell. In an actual case, due to radio resource scheduling, either being channel aware or random channel allocation scheme, the percent of allocation in the same RB(s) between cells over the observation time will be even less.  The scheduling will cause an averaging effect to the interference over the system BW [5]. However it is important to characterize the severe interference case to evaluate the performance of network based positioning in worse case scenarios.
The figures below show interference power distribution over the bandwidth, where the same set of RB(s) are assigned among the cells. In this case, the rest of the RB(s) are assumed to have low interference.
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Figure 1: Interference over assigned same set of RBs for System BW 5MHz [image: image2.jpg]PDF
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Figure 2 Interference over assigned same set of RBs for System BW 1.4MHz
All other simulation assumptions which were agreed on at the previous meeting and used here are listed in Annex A. 
3 Simulation Result and Discussion

Range Error vs. SINR


The figures below show the RMS range error for the two SRS cases for sequence length 24 and 144. The range Error is calculated under ETU channel for both the cases. From the figure below it is apparent that large a BW offers immunity to multipath in terms of the timing measurement. The figure shows that the range error sharply increases for SINR below -21 dB and -15dB respectively for sequence length 144 and 24. For SINR above this threshold range error is considerably flat. It should be noted here that detection below the above mentioned SINR range is possible by increasing the integration time. 
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Figure 3: Range Error vs. SINR
LMU Hearability
We have assumed that LMU(s) are co-located with the cell sites. Figure 4, Figure 5, Figure 6 and Figure 7 show the probability of the number of LMUs detecting the SRS signal transmitted from the UE for different inter-site distances and sequence lengths. From Figure 4 and Figure 5 it is apparent that for a sequence length of 24 SRS, a power offset of 6dB would be required to meet coverage over 95%.  
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Figure 4 Available LMU for Sequence Length 24-ISD 500m
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Figure 5Available LMU for Sequence Length 24-ISD 1732m
Figure 6 and Figure 7 show the probability of the number of LMUs detected for sequence length 144. Only for the case of ISD 1732, an SRS power offset of 2dB may be required to improve signal reception at the 95th percentile.
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Figure 6 Available LMU for Sequence Length 144-ISD 1732m
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Figure 7 Available LMU for Sequence Length 144-ISD 500m
Position Accuracy 

Figure 8, Figure 9, Figure 10 and Figure 11 below show the UE position accuracy for ISD 500m and 1732 m, for sequence length 24 and 144. It is assumed that timing measurements from all LMUs that are able to detect the SRS signal are employed in the final position calculation. For sequence length 144 and ISD 500m, it meets the USA E911 location accuracy requirement for network based positioning as shown in Figure 8 below. Similarly for the case of ISD 1732m, the accuracy is within 75m for the 90th percentile. However, the SRS power offset of 2dB will guarantee meeting the 95th percentile accuracy requirement.  
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Figure 8 Positioning Accuracy with SRS sequence length 144 for ISD 500m, ETU channel for outdoor case
For SRS sequence length 24, the 67th percentile USA E911 accuracy requirement is achievable without any power offset increase. However, from Figure 10 and Figure 11 it is observed that, 95th percentile requirement cannot be achieved without at least 6dB of SRS power offset. 
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Figure 9 Positioning Accuracy with SRS sequence length 144 for ISD 1732m, ETU channel for outdoor case
[image: image10.jpg]CDF

LE]

Accuracy for SRS Seq Length 24, 1SD=500

Pawer Offset =0dB
—— - Pawer Offset=5d8

100 180 200 250 300
Accuracy(meters)




Figure 10 Positioning Accuracy with SRS sequence length 24 for ISD 500m, ETU channel for outdoor case
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Figure 11 Positioning Accuracy with SRS sequence length 24 for ISD 1732m, ETU channel for outdoor case
4 Conclusion 

Accuracy and other performance results are presented in this contribution to evaluate network based positioning using SRS signals. The results show that SRS signals provide a viable solution for network based positioning techniques. 
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Annex A –Simulation Assumption
	System Parameters

	Bandwidth 
	1.4 MHz, 5 MHz, 10 MHz


	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

	
	Antenna tilt
	N/A 
	
	Power class
	21 dBm, 23dBm
Baseline: 23 dBm

	
	
	
	
	UE height
	2m AGL (Above Ground Level)

	
	Number of sectors
	3
	
	
	

	
	Noise figure
	5dB
	
	
	

	Deployment Parameters

	Cell layout
	Hexagonal grid, wrap around
57 cells

	Number of users 
	50-70  active VoIP users per MHz (provide with the simulation results),  

	Frequency reuse factor
	1

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

	Shadowing correlation
	0.5 betweem sites
1 between sectors

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

	Inter –site distance
	500 m, 1732 m, Baseline: 500, 1732 m

	Penetration loss, Inter-site distance,

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

 (Penetration loss is isotropic)

	Channel model 
	Baseline: ETU

	Resource block allocation
	SPS VoIP: 1 RB every 20 msec 
(Unknown to LMU for dynamic scheduling case)

	Network synchronization
	Between LMUs

	Detection window
	12.5 microseconds

	False alarm rate (noise only)
	0.5 %

	Filtering
	Frequency domain filtering is applied both at Reference LMU and Cooperating LMUs

	Coordinates of serving and neighbour cells
	Known

	Cyclic Prefix
	Normal

	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]

	Power control
	Full pathloss compensation for VoIP only, = 0.8 for mixed data and VoIP


