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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. With respect to existing signals, LTE already has a number of signals defined that could be re-used for the discovery process.  Some important design aspects to consider when comparing between these existing signals and any new signal are range, overhead in terms of time/frequency resources required to support their transmission, and finally, the amount of information that can be conveyed.  In this contribution, we examine the performance of the PRACH signal, the SRS, and the PUSCH and compare these potential discovery mechanisms in terms of performance, overhead, and information conveyed.
2. Discussion
In order to obtain an initial look at the range that might be expected from the use of these existing signaling mechanisms, system-level simulations were performed.  These simulations used the D2D evaluation methodology agreements of recent RAN1 meetings and offline email discussions [1]-[4].  In these simulations, all links were considered to get an accurate gauge of the probability of detection for the assumed propagation environment.  

We simulated layout option 1, which employs 19 macro cells (3 cells each) arranged in a hexagonal grid with a 500 meter inter-site distance, with a single RRH/indoor hotspot randomly located within each cell.  32 UEs per cell were randomly dropped, with 2/3 of the UEs dropped inside the indoor hotspot, and the remaining UEs randomly dropped throughout the remaining cell area.  A sufficient number of this last 1/3 UEs was then modeled as virtual indoor UEs in order to bring the total indoor UE percentage to 80%.  A complete set of simulation assumptions is summarized in the Appendix.

Simulations to evaluate each signal were performed separately.  In each case, a large number of trials were performed where a scheduler would randomly select one UE to transmit a discovery signal consisting of a wideband SRS transmission, a PRACH preamble transmission, or a 1 RB wide 128 bit PUSCH data transmission.  The scheduler would also randomly select one of the remaining UEs from the global pool of UEs and instruct it to attempt detection of the transmitted signal using the detection algorithm described in Appendix A.  The detection results were then binned in 10 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 detection probability versus range for each case, and a 10-3 probability of false detection was used.
As can be seen in Figure 1, the range of each detection mechanism varies widely with link characteristic. In the case of indoor-to-indoor links where both devices are located in the same building, the physical dimensions of the assumed building limited the path loss such that it was insufficient to stress any of the employed detection schemes enough to differentiate their performance.  
In the remaining cases, the PRACH signal provides the greatest discovery distance for all propagation distances and yields a range advantage over PUSCH on the order of 73% for the case of outdoor-to-outdoor links and a 10% range advantage over wideband SRS transmissions at the 90% detection probability level. 

Figure 1.  Probability of Detection versus D2D Separation Distance at a 10-3 Falsing Probability
In terms of overhead, the PRACH signal also provides the most efficient usage of resources as indicated in Table 1.  Note that for the case of PRACH and wideband SRS, it is assumed that only half of the currently defined cyclic shifts are used in order to improve the false detection probability due to ambiguities surrounding propagation delays and loss of timing synchronization.
Table 1.  Relative Overhead Comparison
	
	REs Used
	UEs Supported
	REs/UE
	Relative Overhead

	PRACH
	1008
	32
	31.5
	100%

	Wideband SRS
	288
	8
	36
	114%

	PUSCH
	168
	1
	168
	533%


With respect to information conveyed, the PUSCH has the highest ability to convey information, and the payload size assumed in these simulations was 128 bits.  One does have the ability with PRACH and SRS, however to trade either overhead or range for a limited number of bits by allowing the UE to select from a subset of either cyclic shifts or base sequences when performing its transmissions.  The exact number of bits that needs to be conveyed, if any, during the discovery process is something that requires more consideration.
3. Conclusion

In this contribution, we present initial system level simulation results to examine the discovery range of existing SRS, PRACH, and PUSCH transmissions in a D2D environment using layout option 1.  We show that the PRACH signal provides the greatest discovery distance for all link types examined.
Proposal 1:  
Physical signals (e.g., based on PRACH and/or SRS) should be considered for D2D discovery due to their superior discovery range abilities.
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5. 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.  
Table A.1 Summary of System-Level Evaluation Parameters for D2D Discovery Evaluation

	Parameter
	Assumption

	Layout Option
	1

	Macro-cell Layout
	Hexagonal grid, 19 macro sites, 3 sectors per site,

wrap-around universe

	Macro-cell Inter-site distance
	500 m

	Carrier Frequency
	2 GHz

	Bandwidth
	10 MHz

	Vehicle Penetration Loss
	0 dB

	Vehicle Speed
	3 kph

	D2D Channel Models
	See Table A.2

	Indoor Hotspot Placement
	Random within each cell

	UE Placement
	as per [5]

	UE Noise Figure
	9 dB

	UE Receive Antennas
	2


Table A.2 Summary of Channel Models for D2D Discovery Evaluation
	
	Outdoor-to-Outdoor
	Outdoor-to-Indoor
	Indoor-to-Indoor

	Pathloss Model
	Modified WINNER+ B1
	Modified WINNER+ B4
	InH (36.814)

	Modifications
	h_BS = h_MS = 1.5m

h_BS’ = h_MS’ = 0.8m

LOS offset = 0 dB

NLOS offset = -5 dB (used to reduce pathloss)

PL_B1_tot = max(PLfreespace, PL_B1)
	LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS
	

	LOS Probability
	ITU UMi

	Shadowing Sigma
	7 dB
	7 dB
	3 dB LOS

4 dB NLOS

	Shadowing Correlation
	IID

	Fast Fading
	ITU-R IMT UMi

LOS and NLOS
	ITU-R IMT UMi O2I
	ITU-R IMT InH

LOS and NLOS



