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1. Introduction
UTDOA is another terrestrial triangulation technology that operates by obtaining measurements of the time differences of arrival between a signal arriving at a serving cell and a cooperating cell.  The UTDOA technology has the advantage that the UL time difference of arrival could be implicitly measured for UL Tx signals at the neighboring cells.  The presumed conditions of UTDOA measurements are that the UE UL transmissions need to be persistent/semi-persistent and known by the neighboring cells. Persistent/semi-persistent UL transmissions would allow the neighboring cells to accumulate the energy of received signals over a period of time to improve the accuracy of UTDOA measurements for positioning.  The length of energy accumulation for UTDOA measurements depends on the persistent period of UL transmission. In [2], [3], [6], and [7], UL DM-RS in the semi-persistent scheduled VoIP packets are used for the UTDOA measurements at the neighboring cells.  The challenge of using SPS VoIP packets is additional signaling information to the neighboring cells regarding the beginning and the ending of semi-persistent transmission for a talk spur.  In [4], SRS was used for the UTDOA measurements.  The SRS transmissions are persistent with nice properties for inter-cell measurements.  In this paper, we discuss the system analysis to support the UL measurement and system simulation assumptions to depict the UTDOA performance.  
2. UTDOA System Analysis and Configuration for Simulation Assumptions
The UTDOA technology uses UL received signal time difference of arrival for the distance computation as in Figure 1.  The time-difference-of-arrival (TDOA) at the neighboring cells are to estimate the arrival timing offset of the measured UL reference signal relative to the reference received time at the cell. The timing offset measurement can be directly converted to the distance of the UE from the neighboring cell. The UE position could be computed at the location calculation server if more than 3 timing offset measurements are collected.  
The evaluation methodology of UTDOA is similar to that of OTDOA.  UTDOA performance degradation is caused by several variables, such as eNodeB synchronization error, multipath fading, quantization errors, and penetration loss.  
· Sounding Reference Signals (SRS) for the UTDOA measurement  

The Sounding Reference Signals (SRS) are one candidate for the UTDOA measurement since the SRS are transmitted persistently and their configuration can be easily coordinated and communicated among cells.  The Zadoff-Chu sequences for SRS have the orthogonal property between cyclic shifts of a root sequence, and low cross-correlation between root sequences in multi-path fading channel environments when the SRS are received within the cyclic prefix.  The Zadoff-Chu sequences also have good cross-correlation properties when the SRS are received outside the cyclic prefix window.  The low cross-correlation property of the SRS ensures low cross interference, which would benefit the UTDOA measurements.  If the SRS Tx time and period are coordinated to be in the same subframe among cells in the synchronized network, it would increase the hearability of SRS decoding at the neighboring cells through the orthogonal and low cross correlation property.  The orthogonal and low cross-correlation properties of SRS would minimize the impact caused by the system load, where interference increases as the system load at the measured cell increases.  Therefore the use of SRS for UTDOA would be expected to improve the UTDOA performance compared to the use of DM RS in SPS VoIP packets.  
· The eNode B synchronization  
The neighboring cell measures the time difference of arrival between itself and the UE’s serving cell.  The UE UL transmission time is controlled by the Timing Advance (TA) commands from its serving cell in order to achieve synchronous reception of all the UL transmissions at that cell.  The neighboring cells can easily derive the TDOA based on the timing offset estimation if the reference time of the UL received signals is the same among the cells and the cells are fully synchronized.  We assume that the cells are fully synchronized and the reference time of UL received signals is the same as that of the DL transmissions.  The eNB synchronization error would be one of the factors affecting UTDOA performance.   The simulation assumptions should be based on 100 ns standard deviation of network synchronization error, characterized by a zero mean Gaussian distribution.  
· Quantization error
The resolution when reporting TDOA by the eNB is assumed to be limited by the minimum sampling interval Ts, which is 32 ns for 20 MHz BW. The quantization error should thus be taken into account as the minimum resolution with the assumption of no over-sampling being supported. There is no need for statistical modeling of it.  

· Timing measurements (TADV)  
The uplink reception time offset at the eNodeB is assumed to be measured and reported to the E-SMLC using the Type 2 TADV measurement. This measurement is assumed to have a granularity equal to  Ts (32 ns), which will set a bound on the performance of UTDOA.    
· Multi-path effect

The “center of gravity” is modeled as the effect of the multipath in the estimation of time difference of arrival at the eNB.   The “center of gravity” shifts the peak of the received signal from the 1st path of arrival to the weighted sum of multipath signal arrivals.  The center of gravity is used as the peak of the received RS signal for detection and timing offset estimation. The timing offset error caused by multipath effects in the simulation should be based on link level simulation results. 
· Penetration loss.
Penetration losses of 10 dB for outdoor and 20 dB for indoor should be modeled in UTDOA simulations.  
· Interference over Thermal (IoT)
The UL system load should be modeled in the UTDOA performance studies [2], [3], [5], [6] to capture the interference to the UTDOA measurements at the neighboring cell caused by UL transmission by the UE at its own cell.  IoT is one metric to indicate the level of system load.  However, the first moment of IoT measured in an SC-FDMA system cannot capture the system load characteristics completely since the interference source is primarily inter-cell interference, which has a large variation.  Thus, a range of IoT values should be considered in the UTDOA simulations if the DM RS in SPS VoIP packets are used as the reference signal to measure.  On the other had, if SRS is used, the IoT value is not expected to have a  significant impact on the UTDOA performance.  We propose setting the IoT control at 5.5 dB as the reference value.  
· Power Control 
Power control is critical to the system performance of VoIP packets with SPS scheduling. Thus, the power adjustment of VoIP packet by the serving cell would have a strong impact to the UTDOA measurement at the neighboring cells.  Power control for SRS is not useful since the SRS is used for UL channel state estimation.  Thus, if SRS are used, no power control should be assumed.  
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Figure 1: UTDOA triangulation
3. Conclusion

In summary, we propose the following configurations for UTDOA simulations:
· The network is assumed to be synchronized through GPS.  

· The type 2 TADV measurement, SRS configurations (including the starting subframe, the period of transmissions, the root sequence and its phase shift), and the resource allocation, are sent from the serving cell to the neighboring cells for UTDOA measurements.

· The SRS configurations are coordinated among neighbor cells, with the same starting time. 
· The coordinates of serving and neighboring cells are known and provided in the initial cell setup. 
· The UEs are configured to transmit SRS with the full system bandwidth of 10 MHz (50 resource blocks)
· 32 ns sampling interval is considered as the quantization error for the UTDOA measurements

· ETU channel model is used to model multi-path 

· The center of gravity of the multi-path components is used for the peak detection to capture the multipath effect in the time offset estimation 

· The IoT is set at 5.5 dB for data.  

· The number of SRS transmissions in a cell is set to 6.  

· No power control on SRS

· Received SRS are accumulated and filtered. The strongest signals with received power larger than the receiver sensitivity are collected for accumulation. 

Our simulations of UTDOA performance are underway on this basis and will be available for RAN1#61. 
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ANNEX

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m

	Antenna gain
	15 dBi

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss
	Indoor: 20 dB; Outdoor: 10 dB


	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz

	UE power
	21 dBm

	BTS receiver sensitivity
	-93.5 dBm

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU 

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	SRS Resource block allocation
	1 SRS symbol in every 5 subframes, using even or odd subcarriers in 48
 RBs

	Integration time
	100 SRS subframes (one SRS symbol in each frame) 

	Clock synchronization error between LMUs
	100 nsec
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