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1. Introduction
In RAN1#60bis, the primary focus of UTDOA discussion was on the simulation assumptions to evaluate the feasibility of the technology [1], [2], [3], and [4].  The UTDOA simulation assumption discussions were continued offline and through email during RAN#60bis. This paper discusses the primary issues in the simulation assumption and modeling.  
2. UTDOA Simulation Assumption and Modeling
In UTDOA technology evaluation, simulation assumptions and modeling were presented in [1], [2], [3], and [4]. The modeling methodology and simulation setup should emulate the position detection and estimation by UTDOA technology in a realistic environment.  It is possible to reach a conclusion regarding UTDOA technology under a range of different assumptions, provided that the modeling and simulation assumptions are relevant for a realistic environment.  
We analyze the modeling of all system parameters for the UTDOA technology evaluation:
· Reference signals configuration – The selection of the received signal for the measurements is critical to the outcome of the UTDOA evaluation.  The RS configurations (including the starting subframe, the period of transmissions, the root sequence and its phase shift), and the resource allocation, need to be sent from the serving cell to the neighboring cells for UTDOA measurements.
Both UL DM RS and SRS have been proposed to be used as the received signals to be measured for UTDOA. The selection between them is critical to the methodology of interference modeling in the simulations.    

· The DM RS as the reference signals - The UL DM RS comes with the PUSCH.  The PUSCH transmission is based on UL scheduling grant.  Thus, the simulation assumptions need to assume the knowledge of the scheduling grant, either semi-persistent or dynamic, and the associated resource allocation at the measuring eNB.  This requires additional specification to support RRM coordination between eNBs for the communication of scheduling information every time the resource allocation changes.   .  
· The SRS as the reference signals - The SRS is periodically transmitted as configured by higher layers.  The eNB could obtain the SRS configurations from the serving cell of the UE whose position was to be measured.  It requires a one-time communication between the serving cell and the measuring cell for the SRS configuration.  
· Channel Model – ETU, EPA, and AWGN were proposed as the channel models for evaluation.  ETU was used as the baseline channel model in the evaluation of OTDOA. We also propose ETU as the baseline channel model for UTDOA evaluation.  Simulation results using additional channel models would be beneficial to the evaluation of UTDOA performance and should be encouraged as well.   
· Inter-Site distance –ETU case 1 and 3 are proposed by most companies.  Case 1 and 3 are used for most of LTE performance evaluation and good for UTDOA evaluation.  
· Interference modeling – The interference modeling is the most critical factor in the evaluation of UTDOA performance.  The interference could be modeled in different ways depending on the selection of the RS as the received signals for TDOA measurements. 
· If the DM RS is used as the reference:  The interference sources are those PUSCH RBs transmitted in the measurement cells colliding with the DM RS from the serving cell for the UTDOA measurements. The interference from PUSCH RBs in the measuring cells would strongly depend on the UL scheduling strategy, UE distributions, and the system load. The complete way of interference modeling is to actually emulate the scheduling of UE UL transmission. The system simulation would capture the PUSCH interference from the measuring cell by the measurement at the eNB at each subframe performing UTDOA measurement. 
Some alternative simpler ways to model the interference are:
1. Statistical model - The interference could be modeled in a static sense through system load.  The interference could be modeled as a random variable.  The challenge of the statistical interference modeling is the determination of the statistical distribution and its mean and variance to capture the combined variation of scheduling behavior and MCS selection, HARQ operation, different UE locations, the radio channel effect, and power control.   The spectrum of the interference is not white and has a large variance, which leads to biased estimation in the UTDOA measurements. A Gaussian approximation of interference modeling would give over-optimistic results. 

2. Interference to thermal noise (IoT) - The IoT is the 1st moment of the interference and is a function of the 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.  In order to capture the variation of the interference, interference variation and perturbation in addition to IoT needs to be included in the interference modeling.   

· If the SRS is used as the reference:  If the SRS transmissions among cells are synchronized, the SRS interference could be measured directly from the link level simulation results of the cross-correlation of different Zadoff-Chu sequences.  The intra-cell and inter-cell interference caused by PUSCH would not be included since the last symbol would be excluded from rate matching when SRS is configured.   A statistical model could also be used.  If the SRS transmissions among cells are not synchronized, the interference could be modeled in a similar way to the DM RS case, using cell load.  
· Interference collision rate (ICR) at cooperating cells – The ICR was proposed to take values of 0, 50% and 80% to capture the cross-interference between the RS and PUSCH. If full blown system simulation of UL scheduling behavior is performed, the ICR should be set to 0 or not included in the modeling.  If the statistical interference is modeled, the ICR should be proportional to the system load.  However, the ICR is not a significant variable in the interference modeling.  
· Intercell interference to thermal noise ratio (IoT) -. The IoT is one metric to indicate the level of system load.  The IoT values should be set to an appropriate level as part of the interference modeling in the UTDOA simulations if the DM RS in SPS VoIP packets are used as the reference signal to measure.  
· Number of contending UEs (target UE excluded) at serving cell, sounding collision rate (SCR)  -SRS only – The SCR depends on the modeling of SRS.  If the SRS are fully synchronized among cells, the SCR is 100%.  If the SRS are not fully synchronized among cells, the SCR should be captured directly from the system level simulation.  The statistical modeling of sounding collision would not reflect actual behavior of periodic SRS configuration for UTDOA.  
· Factors in deriving propagation delay from timing offset measurements- The neighboring cell measures the time difference of arrival (TDOA) between itself and the UE’s serving cell. The TDOA is used to derive the propagation delay from the UE to the measuring cell.  There are two factors in deriving propagation delay from TDOA measurement; they are timing offset between cells and the timing advance at the serving cell. 
· Timing offset between cells – the transmitted frame timing offset between the serving cell and the measuring cells needs to be known in order to derive the propagation delay from the TDOA measurement.  If the cells are fully synchronized, the cell timing offset is assumed to be zero. The timing offset could be measured from external devices (e.g., LMU) or network.  The cell timing offset measurements relies on several factors, the oscillator stability at the cells and the measurement device, the decay of the timing signal at the transmission line, and the temperature.  The range of errors in the cell timing offset measurements are quite large with typical values from 5-50 (s.  
· Node synchronization errors – If the cells are fully synchronized,  the reference time of UL received signals is the same as that of the DL transmissions.  The eNB synchronization error needs to be taken into account in the UTDOA simulation.  The synchronization errors range from 100 ns to 50 (s depending on the methodology of node synchronization. 
· Quantization errors in Timing Advance value: 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 timing offset between cells measures the DL Tx time between the serving cell and measuring cell.  The UE UL transmission time is advanced from the DL receiving time based on TA command from the eNB.  In order to derive the propagation delay from the TDOA measurements, the measuring cells need to receive the Timing Advance value from the serving cell along with the cell timing offset.  The consideration of TA value is the type 2 TADV measurement with precision the same as the TA command to the UE.  
· Quantization errors in received signals  – the minimum resolution of the measurement is associated with the sampling rate, which depends on the BW.  The 32 ns sampling interval is the sampling interval for 20 MHz BW.  32 ns should therefore be considered as the minimum resolution of the UTDOA measurement
· NLOS effects caused by multipath fading channel - The center of gravity of the multi-path components is used as the reference time of the peak detection to capture the multipath effect in the time offset estimation.  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 estimation error caused by multipath effects, which is known as the non-line-of-sight (NLOS) effect, in the simulation should be considered in the UTDOA evaluation. 
· Power control – the UL RS transmission, either DM RS or SRS, are power controlled.  The power control would depend on the path loss compensation measured at the UE.
· If the DM RS is used as the reference:  Since no additional power boosting on RS is supported, the PUSCH power control needs to be incorporated in the system level simulation to capture the UE Tx power variation between frames.
· The SRS is used as the reference:  The power control could be set to follow the PUSCH power control or independently based on the setting of the SRS power offset parameter relative to the PUSCH. The power offset relative to PUSCH could be set to highest value such that Pmax is always used as the Tx power at the UE for SRS.  
There are several issues and different views on the modeling and simulation assumptions, such as scheduling coordination, information collection, IoT setting, and interference statistic.  However, the performance results should be within the reasonable range if the simulation assumptions are clearly described.  Some detailed parameters are listed in the following table.  
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m/1725 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

	RS allocation 
	1 SRS symbol in every 5 subframes, using even or odd subcarriers in 50 RBs

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


3. Conclusion

In this contribution, we analyze the modeling of system parameters for simulation to evaluate the UTDOA technology.  The simulation could have different assumptions to obtain the UTDOA measurements and to derive the UE position.  However, several important factors in the modeling discussed in section 2 need to be included in the simulation in order to capture the effects encountered in realistic system deployment environments.   The key factors in the UTDOA modeling are:
· RS selection

· Interference modeling

· Power control

· Timing offset between cells – node synchronization errors and TA quantization errors. 

· NLOS effect caused by multipath channel
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