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1. Introduction
ProSe discovery between D2D enabled devices on the overlaid LTE network can be implemented either on new ProSe dedicated signals or on existing LTE signals. One candidate in the class of existing LTE signals is to re-use the existing sounding reference signal mechanisms (e.g., A-SRS) for performing the discovery transmission.  Another candidate is to re-use the preamble transmission mechanisms associated with the physical random access channel (PRACH).  In this contribution, we discuss the results of system-level simulations that examine the range of such signals using a proposed D2D channel model and a simple detection algorithm that lends itself easily to UE implementation.
2. Discussion
In order to obtain an initial look at the range that might be expected from the use of these two existing signaling mechanisms, system-level simulations were performed using a standard 57-cell, wraparound universe and the assumptions summarized in Table 1.  Simulations to evaluate each signal were performed separately.  In each case, an average of 10 UEs were randomly dropped in each cell and assigned to their best downlink server using an Urban Macro channel model.  Propagation between all UEs was then modeled using a WINNER+ urban micro (B1) channel model using a UE antenna height of 1.5 meters and an effective clutter height of 1.0 meters.  A series of 1000 trials was then performed in each case, where each trial consisted of a total duration of 20 subframes.  Within each subframe, a scheduler randomly selects one UE to perform the transmission of a discovery signal consisting of either a wideband SRS transmission or a PRACH preamble transmission.  The remaining UEs in each cell were then instructed to attempt detection of the transmitted signal using the detection algorithm described in Appendix A.  The detection results were then binned in 1 meter wide bins based on separation distance.  Note that in the case of SRS transmissions, the same comb was used in each cell, and in the case of PRACH preamble transmissions, the same PRACH region was defined in each cell.  This resulted in the modeling of some level of adjacent cell interference.  Since only a single UE was multiplexed on the available SRS/PRACH resources, an ideal timing assumption was used in the simulations where the detection window was placed exactly for each receiving UE.  In future simulations, where multiple UEs are multiplexed in the available sounding/RACH resources, explicit modeling of the different timing alignment values employed within the system will need to be modeled.  Figure 1 displays plots of missed detection probability versus range for each case, assuming a 10-3 probability of false detection.
As can be seen in Figure 1, the wideband SRS yields a range of approximately 63 meters assuming a target probability of missed detection of 10% while the PRACH yields a range of approximately 125 meters.  The additional range of the PRACH signal can be attributed to the longer transmission duration of the preamble transmission.  It is important to note that the performance results shown here are a function of not only the bandwidth and temporal duration of the transmitted signals, but also the detection algorithm employed.  A calibration phase is needed once the channel models for D2D modeling have been established and companies are encouraged to provide high-level descriptions of the detection algorithms so that fair comparisons of the results can be made.
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Figure 1.  Missed Detection Probability versus D2D Separation Distance at a 10-3 Falsing Probability
Table 1.  System-Level Simulation Assumptions
	Parameter
	Assumption

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

Wraparound Universe

	Inter-site distance
	500m

	Load
	Average 10 UEs per sector

	# of Trials
	1000

	Bandwidth
	10MHz

	Carrier Frequency
	2 GHz

	Maximum Transmission Power
	46 dBm for eNBs, 23 dBm for UEs

	Noise figure at UE
	9dB

	eNB-to-UE Channel model
	UMa

	UE-to-UE Channel model
	WINNER+ B1

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(2, 2)

	Antenna Configuration (BS, UE) 
	(X, X) 

	Receiver algorithm
	Appendix A

	UE Transmission Timing
	Ideal 

	SRS Bandwidth
	48 RBs

	PRACH Preamble Format 
	0


A fundamental problem in the discovery of UEs by other discoverable UEs is the multiplexing of transmission and detection opportunities for a given UE. In a full duplex operation, it may be assumed that a UE is able to send and receive discovery signals at the same time. This may be possible using different FDM resources, for example using multiple carriers with each carrier assigned to a different UE.  However, given the requirement of a large number of UEs, it seems unlikely to be able to design a system in this way for a large number of UEs..

Another option for the multiplexing of discovery signals is essentially a TDM operation where one or more UEs are transmitting discovery signals while others are in listening mode. This option is straightforward but requires a period of multiple discovery signal transmission opportunities for all UEs to transmit once.  This was essentially the method used in the system-level simulations. More efficient options should be investigated.
3. Conclusion

In this contribution, we present initial system level simulation results to examine the discovery range of existing SRS and PRACH signals.  We show that the PRACH signal has roughly twice the discovery range of SRS due to the longer transmission duration of the signal.  We also make the following proposals:
Proposal 1:  
RAN1 should perform a calibration procedure once the new D2D channel models have been determined.
Proposal 2:  
Each company should provide high-level descriptions of their detection algorithms to allow comparison of simulation results.
4. Appendix A:  Detection Algorithm Description

The detection algorithm works as follows:  At the receiver, the frequency domain signal is multiplied by the complex conjugate of the frequency-domain version of the transmitted preamble.  An inverse DFT is then performed to obtain the channel impulse response, and the power delay profiles are summed across antennas.  Next, an unused cyclic shift is used to measure the noise and interference level, and a threshold relative to this value is selected so as to obtain a 10-3 falsing probability.  Finally, the peaks within the cyclic shift region of interest are summed and compared to the threshold in order to determine if the preamble was detected.  

