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1 Introduction
The approaches to improve the UE “hearability” for DL OTOA measurements were discussed in the previous RAN1-55bis. A dedicated LCS-RS was proposed by [1] to improve the hearability at UE, i.e., to improve the measurability of the neighboring cells’ timing offset for DL OTDOA. The dedicated LCS-RS design requires the eNode Bs to jointly schedule a common RB by coordinating RRMs through X2 interface. The repetitive LCS-RS pattern in [1] enables accumulation of energy of the neighboring cells’ reference signals measured at the UE for better accuracy in timing offset estimation.  The dedicated LCS-RS design would optimize the received SNR of neighboring cells by muting the transmission from the serving cell at the joint-scheduled RB. The event-trigger based LCS-RS design also allows to minimize the number of the RBs to be used for OTDOA measuring at UE, the overhead of radio resources allocation, thus minimizing the capacity loss. An e-IPDL approach was proposed in [2] to use muted MBSFN subframe to improve UE’s measuring of time difference from the neighboring cells.  The measurements at the MBSFN subframe span through the whole spectrum for the OTDOA, which implies the heavier overhead and larger capacity loss. On a separate note, both proposals would offer better performance if E-UTRAN is completely synchronized with finer resolution.  
In this contribution, we investigate the DL OTDOA performance with modeling of imperfect system operations. The simulation results are based on the LCS-RS proposal in [1] with improved hearability.  The evaluation methodology of DL OTDOA performance focuses on system model of all noise sources reflected in the UE measurements. The noise estimate output of the time difference of arrivals from neighboring cells would provide the reference level of positioning accuracy.      
2 Performance Evaluation Methodology for DL OTDOA 
The evaluation methodology of DL OTDOA considers the noises contributed by the hardware constraint, imperfect system operation, and radio channel in the timing offset estimation, each being i.i.d. random variables. The modeling of timing measurement error for the DL OTDOA performance includes the eNode B synchronization error, the eNode B antenna position error, distance loss, shadowing, fading, multi-path, and UE measurement error.

· The eNode B synchronization error at the transmitting antenna tip
The eNode B synchronization is assumed to be done through GPS/GNSS. The timing of each cell is derived from the GPS/GNSS time to achieve the eNode B synchronization.  The compounded error of eNode B synchronization is assumed to be zero mean Gaussian random variable.
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, with the standard deviation σ is 100 ns. The modeling of eNB synchronization error includes identified error components which affect the eNB synchronization accuracy as follows:

· GPS/GNSS receiver related error (including cable delay and intrinsic error)
· LTE Baseband Unit digital error (including pulse alignment and internal digital delay)
· Radio Head internal delay (including digital/analog processing, amplifier and filter panel)
· Remote Radio Head (RRH) antenna port to antenna tip cable delay 
Rigorously, each error component can have its own statistical modeling. Nevertheless, we believe the Gaussian model with zero mean and 100 ns standard deviation is a close approximation of the aggregated error. 
· Multi-path effect
A practical timing-offset-estimation algorithm is considered to account for multi-path effect in the evaluation methodology. The multi-path effect in the OFDMA system would be captured as the factor of the timing offset estimation error.  The multi-path channel model is included in the DL OTDOA evaluation methodology.   
The timing-offset-estimation algorithm assumes that the arrival time of the DL OTDOA signal at the UE is estimated through “center of gravity” in the OFDMA system. The timing offset estimation error caused by the “center of gravity” is captured in the simulation results. 
· UE measurement error cause by limitation of resolution

The resolution when reporting TDOA at the UE is assumed to be limited by the minimal sampling interval Ts, which is 32 ns for 20 MHz BW. The quantization error is thus taken into account as the minimal resolution with the assumption of no over-sampling supported. There is no statistical modeling of it.
· UE clock error 
The UE oscillator accuracy requirement is ±0.1 ppm [3]. The UE clock error is modeled by Gaussian with zero mean and 50 ns standard deviation σ (
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). This error is not captured in the performance evaluation since all DL OTDOA measurements from neighboring cells will be measured in a short time period and the drifting (of clock) will be cancelled out in timing offset estimation.
The simulation parameters are listed in Annex. 
3 Simulation results
The OTDOA measured at the UE will require solving intersection of hyperbolas to determine the mobiles position. The method of [5] will be used for solving the intersection problem.  Figure 1 shows a typical solution for 5 eNB’s.  Only solutions wherein the position calculation converges are considered for our simulations.  
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Figure 1 : Hyperbolic solution of TDOA for 5 eNB. Green circles are eNB locations, Red x is actual UE location and Green diamond is solution to hyperbolic intersection.

For the simulation results shown in Figure 2 and Figure 3, the eNB GPS timing accuracy is 100ns ( is 100ns normally distributed with zero mean).  The antenna location is considered to be known accurately and any errors (i.e. the GPS coordinates of the antenna face) are not considered in the below simulation.  Measurements at the UE are quantized to 32 ns bins based on the timing accuracy stated above.  Case 1 and case 3 are used as the radio channel model for the Inter eNB separations (500m and 1732m).  For each eNB spacing, we use the reference cells and either 2, 3 or 4 neighboring cells to send dedicated LCS-RS signals to the UE for OTDOA geo-location. The non-reference cell’s with the strongest Rx signals are used to send the LCS-RS signals for each simulation instance.  The simulation results in Figure 2 and Figure 3 consists of TU path loss model with Rayleigh faded multi-path channel and Rician faded multi-path channel with K factor of 10, respectively.  The center of gravity is used to set the timing of each received symbol.  The UE reference timing is obtained based on the center of gravity of the received RS signals from the serving cell. The simulation uses median center of gravity from the timing offset estimation outputs of three different subframes from each of the neighboring cells as the estimated time. The simulation results in Figure 2 and Figure 3 show that a larger number of cells heard at the UE significantly increase the accuracy of the OTDOA estimation. The results in Figure 2 and Figure 3 show that the DL OTDOA solution will satisfy the US FCC mandate E911 phase 2 requirements of 100m for 67% of calls, 300m for 95% of calls when the UE could have strong hearability from 4 cells or better.  However, the simulation does not include the UE implementation loss on timing offset estimation algorithm and all UE processing errors.  In addition, the simulation situation is in more optimistic environment with very good control of the inter-cell interference.  Thus, we could consider this as the upper bound of the OTDOA performance.  

Figure 2 and Figure 3 also show that the position estimation error caused by non-line-of-sight channel (shown as Raleigh channel) comparing with the line-of-sight channel (shown as Rician channel) is negligible if the hearability from the neighboring cells are in superb condition and the inter-cell interference is well coordinated.  The center-of-gravity set for the UE measured timing offset captures the timing estimation error caused by non-line-of-sight multi-path Raleigh fading channel.  In a dense urban environment, the estimation errors caused by non-line-of-sight received signal could be well controlled if the hearability is closed to ideal condition.    
[image: image4.png]Prob(PasErr < abeissa)

09

08

07

06

05

04

03f-

5 el Rician
— 5 eNB Rayleigh
— 4 eNB Rician

— 4 eNB Rayleigh

02t

011 3 eNB Rician
: 3 eNB Rayleigh
ol i i i i j

(i 50 o0 180 200 250 300 360 400
Position Error ()




Figure 2 : Positioning Error probability for Case 1 Inter eNB spacing with various number of eNB’s involved in the triangulation and either Rician or Rayleigh fade models.
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Figure 3 : Positioning Error probability for Case 3 Inter eNB spacing with various number of eNB’s involved in the triangulation and either Rician or Rayleigh fade models.

4 Conclusion

In this contribution, we provide evaluation methodology and performance results for the DL OTDOA.  The performance results provide a reference of achieving accuracy in location estimation using DL OTDOA method with dedicated LCS-RS [1].  It becomes clear that DL OTDOA without the improved hearability in [1] will not provide the desired accuracy in the location estimation to meet some target requirement, such as US FCC mandate for Emergency call.  The performance results show that the DL OTDOA is a good complement to the AGPS/AGNSS solution for LTE positioning service in dense urban environment, where the coverage of satellite is limited.  Our system analysis and simulation results show that it remains a challenging task to provide the demanded level of accuracy in position estimation through DL OTDOA, when additional factors, such as UE measurement errors from practical timing offset algorithm, are taking into consideration. 
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ANNEX

For macro cells, the parameters in Table 1 will be used (Section A.2 in [4]).

Table 1– UTRA and EUTRA simulation case minimum set (Table A.2.1.1-1 in [4] )
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	1.25
	10
	3


In particular, case 1 and 3 are used in our simulation reported in this paper,
For channel model, the one suggested in [4] is used:

Table 2 – Macro-cell system simulation baseline parameters (Table A.2.1.1-3 in [4])
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table A.2.1.1-1

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz 

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between eNode Bs
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table A2.1.1-1 [3] 

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1 [3]

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speeds of interest
	3km/h, 30km/h, 120km/h, 350km/h

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	21dBm (125mW). 24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters [7]
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