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1 Introduction

In the previous RAN1 meeting Sounding Reference Signal was introduced [1] as an uplink signal for Network based UE positioning. This document expands the scope of the work and discusses areas where the use of SRS would be necessary to meet location accuracy and would be advantageous to overcome network configuration issues and other implementation challenges.
2 Discussion

2.1 System overview
 Sounding reference signal is transmitted from the UE for estimating uplink channel quality. This signal can also be used to estimate uplink timing for UE positioning.  
The basic overview of network based positioning has been discussed in previous submissions [2]. This section will cover the aspect of using SRS for UE positioning, 

 When a location request is initiated from core network or received from the UE, the eNodeB will direct UE to transmit SRS signals with specific bandwidth, frequency position, subframe offset and power. The parameters [1] used for SRS by the UE could be passed from the serving eNodeB to SMLC at the same time. Note that the bandwidth, periodicity and power all could be chosen according to the nature of location service request. The e-SMLC will pass these parameters to LMU before LMU can capture data and participate in the location request.

After certain length of time and/or in co-ordination with e-SMLC the serving eNodeB can request the UE to release SRS transmission and to go back to the default SRS configuration. 

As shown in the Figure 1 above there is no need to pass around reference data from a primary site/LMU. All LMU(s) can collect immediately after being tipped from e-SMLC and start processing the captured data to obtain uplink timing estimation. 
2.2 eNodeB Controlled Initiation/Release 

The serving eNodeB is in control of initiating, terminating/releasing the SRS signal and tipping the e-SMLC with signal parameters.  The time critical requirement that may arise with using the payload data under SPS can be avoided in this case. Thus the latency requirement from eNodeB to e-SMLC can be relaxed when using SRS signals.
2.3 Improved LMU Detection sensitivity 

When SRS signal is used for uplink time estimation there is no need to demodulate the signal. This will improve the detection sensitivity on all the LMUs. In the previous submissions [2][3], simulation results show that detection can occur with signals as below as -25 dB SINR with moderate integration time. As a matter of fact detection would be possible at signals further below than that by increasing integration time. Improved detection sensitivity allows more LMU to participate in a location request and improve location accuracy. Since demodulation is not required, in the case of any penetration loss integration time could be increased to achieve further processing gain at LMU(s). 
2.4 Location accuracy

Several presentations have been made in RAN1 for estimating location accuracy using 1 RB payload data[2][3]. However it could be difficult to achieve E-911 compliance under some channel conditions with 1RB reference signal. As the bandwidth is configurable in SRS signal, wider BW can be used to improve the location accuracy for severe multipath channels. 

A simulation was done to evaluate the need of larger bandwidth in some channel conditions. The simulation parameters and assumptions are provided in the table 
Table 1 Simulation Parameters

	Parameter
	Assumption

	No of LMU participation 


	4-7

(Assuming -20 dB threshold for detection )

	Channel model
	ETU , EPA 



	Resource block allocation
	Payload – 1RB

SRS- 6 RB

	Coherent integration length
	20 OFDM symbols

	Non coherent segments
	20 

	RMS clock synchronization error between LMUs
	50 ns

	Cable delay  
	20ns

	HW/filter delay
	20 ns

	Time Tag Quantization 
	8ns


Figures 2 and Figure 3 below shows location accuracy with 1 RB reference signal for EPA and ETU channels. The results are in agreement with the simulation results submitted previously [2][3] in RAN1 and meets the E-911 requirements.  However for ETU channel, it seems that the location accuracy degrades drastically due to irresolvable multipath. If 1MHz SRS reference is used instead for uplink time estimation then the location accuracy would improve significantly as shown in Figure 5 below.
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Figure 2 Accuracy Error for EPA with 1 RB reference
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Figure 3 Accuracy Error for ETU with 1 RB reference
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Figure 4Accuracy Error for EPA with 6 RB reference
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Figure 5 Accuracy Error for ETU with 6 RB reference
2.5 SRS signal Orthogonality
SRS uses a frequency-domain reference signal sequence derived as a cyclic extension of prime length Zadoff-Chu sequence. Different phase rotation can be used to generate different SRS that are orthogonal to each other. By assigning different phase shifts to different terminals, multiple SRS can thus be transmitted in parallel in the same subframe. Hence several UE(s) in the same cell can use the same time-frequency resource grid for serving location service request. With a single Zadoff-Chu base sequence, 16 UE(s) occupying the same frequency span could transmit simultaneously at the same time without causing any interference among each other
3 Conclusion

This contribution has presented an analysis of the use of SRS signal for UE positioning. Based on this we propose 

· Use of SRS for UE positioning to achieve required location accuracy.

· Use of SRS given the implementation challenges that may arise with SPS configuration in some networks.
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Figure � SEQ Figure \* ARABIC �1� Flow diagram of SRS based Uplink Time Estimation
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