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1. Introduction
As agreed in RAN1#74, discovery transmissions can use messages and/or sequences, and configurations using either or both of a message or sequence are FFS [1].  Therefore, we compare the use of messages and sequences for direct proximity discovery.  Since there is a basic tradeoff of range versus information capacity between these two methods, we consider a two step operation where a physical signal is first transmitted and a message is later transmitted.  Preliminary system simulations are given that compare the number of UEs that can be discovered as a function of time in the first step for the two schemes.  These simulations show that physical signals can discover substantially more UEs than message based schemes (roughly 2x or 3x more with 20 or 45 second discovery periods in the example scenario 5 case studied).
2. Two Step Discovery Using Physical Signals and Messages
One primary tradeoff between sequences and messages is range vs. information capacity.  LTE sequences (more precisely, physical signals) are designed such that only a small number of unique resources are available.  For example, there are at most 64 PRACH preambles per root sequence, 504 unique identities for PSS/SSS, and 16 comb-cyclic shift combinations per SRS bandwidth configuration.  By contrast, a physical channel with even a payload of a few tens of bits can uniquely identify many more UEs than is possible with a single transmission of an LTE physical signal.  On the other hand, physical signals have significantly better range performance, and can use less physical layer resource [2]
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Since there is a basic tradeoff of range versus information capacity between physical signal and message based discovery, it is worthwhile to consider two step operation, where a physical signal is first transmitted and a message may be later transmitted [2]
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[3].  In this way, UEs can be initially identified in the first step, and ambiguity in UE identities can be resolved as needed with the message transmission.  This approach has multiple benefits:

1. UEs minimize energy spent and computational effort.
Many more physical signals than messages can be multiplexed per subframe, and so UEs have to wake up in fewer subframes to discover the same number of UEs if physical signals are used.  Also, receiving physical signals tends to be much less computationally complex than physical channels / messages.
2. Less physical layer resource is used.  
The physical signals occupy a small amount of resource, and messages can be transmitted as needed.  This resource efficiency is important to meet the requirement [5] that proximity discovery support a large number of concurrently participating UEs.
3. It is more flexible.  
The message transmission can be directly transmitted between UEs or between UEs and eNBs.  Link adaptation and resource allocation can be determined according to the message carried, including if it is RAN signaling or from the application layer.
One main difference between physical signal and message based discovery is how false alarms are handled. Mechanisms such as CRC checks can naturally create low false alarm rates (e.g. about 1.5e-5 for a 16 bit CRC).  However, very low target false alarm rates may be overkill for proximity discovery.  In a two step discovery approach, if there is a false alarm on a physical signal, the message transmission step can be used to detect the false alarm.  Therefore, a primary design target for physical signal based discovery may often be to ensure that the UE doesn’t ‘wake up’ too often from false alarms, rather than to uniquely identify the UE.  Finally, as will be shown in the simulations, relatively low false alarm rates of 0.1% can be achieved with physical signals, and these rates can be further adjusted by higher layer filtering and/or SINR detection thresholds.
3. Discovery Rate Performance

We compare example approaches to message and physical signal based proximity discovery under network coverage in the following.  The messages have a 104 bit payload, and each is transmitted in a single PUSCH RB.  The physical signals use 64 PRACH cyclic shifts per root sequence, and a single root sequence is shared by all UEs attached to a serving cell.  Both messages and PRACH preambles are scheduled such that only one UE covered by a cell transmits on a given resource associated with that cell (that is, there are no ‘collisions’ within a cell).  
A false alarm target of 0.1% is set for the PRACH based method.  We achieve this target in two ways.  First, we require that a UE’s transmission be detected twice in order for the UE to be considered discovered.  Second, we use an outer loop to set an SINR detection threshold.  We note that different mixes of the number of detection instances and SINR thresholds can be used to trade off delay and range, as well as to target higher or lower false alarm rates.
We simulated layout option 5 (with 57 cells arranged in a hexagonal grid and a 1732 meter inter-site distance). UEs are outdoor.  In order to simulate a high UE density with reasonable simulation run times, we use 32 UEs per cell with 6 PRBs reserved for discovery purposes. Details of the simulation parameters and the PRACH receiver are given in the Appendix.

Results are shown in Figure 1 below.  Two metrics are provided in the left hand and right hand plots, respectively.  The left hand plot shows the average number of UEs that each UE discovers vs. the number of subframes containing discovery transmissions that UEs can use to transmit or receive for discovery (the number of ‘discovery opportunities’).  The message based scheme quickly improves up to about 50 discovery opportunities, with the average number of discovered UEs reaching 50.  After 50 opportunities, the number of discovered UEs increases slowly: by 500 opportunities, only about 75 UEs are discovered by each UE.  The PRACH based scheme also increases most steeply during the initial subframes, and has a similar performance to message based up to about 20 opportunities (where both have about 38 UEs discovered on average). This similar performance is due in part to the constraint that two PRACHs must be detected per discovered UE.  After the initial opportunities, the PRACH based scheme’s slope is much steeper, and it continues to discover a substantial number of UEs with time.  By 100 opportunities, 94 UEs have been discovered, and by 500 opportunities, 250 UEs have been discovered. This behavior is due to PRACH’s better link budget and the limited amount of PRACH resource used.  Since at most 9 UEs within a cell transmit using the same root sequence, these 9 are mutually orthogonal and relatively close together. This means that 9 or less UEs will tend to be discovered in two opportunities.  Therefore, it takes a large number of opportunities to discover all the UEs that are within the PRACH’s SINR requirements.  Consequently, the parameter settings here may provide a conservative estimate of the relative performance of PRACH.  Finally, we observe that the slope of the PRACH discovery curve oscillates somewhat.  We speculate that this is due to variations in the outer loop used to set the SINR threshold.
The right hand plot shows the gain of PRACH over message based discovery vs. discovery opportunities.  The plot shows that PRACH based discovery has roughly 2x or 3x more after 175 or 450 subframes containing discovery transmissions.  If we assume that 1 of 100 subframes contains a discovery transmission, then each discovery transmission corresponds to 100 subframes / (1000 subframes / second) = 0.1 seconds.  Therefore, after 17.5 or 45.0 seconds, we observe about 2x or 3x more UEs discovered using physical signals than messages.
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Figure 1: Discovery Rate Performance for Physical Signal and Message Based Discovery
4. Conclusion
In this contribution, we considered the use of messages and sequences for direct proximity discovery.  The tradeoff of range versus information capacity between these two methods led us to consider a two step operation where a physical signal is first transmitted and a message is later transmitted.  We provided preliminary system simulation results comparing the number of UEs that can be discovered as a function of time in the first step for the two schemes.  Consequently, we have the following observations and proposals:

Observations:

· A two step approach to ProSe direct discovery where a physical signal is first transmitted and a message may be later transmitted has multiple benefits:

· UEs minimize energy spent and computational effort.

· Less physical layer resource is used.  

· It is more flexible.

· Physical signals can discover substantially more UEs than message based schemes.

· In the scenario 5 example configuration studied, PRACH based discovery has roughly 2x or 3x more with 20 or 45 second discovery periods.
Proposals:

· ProSe direct discovery uses a two step operation where a physical signal is first transmitted and a message may be later transmitted
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Appendix A:  Detection Algorithm and Simulation Parameters
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 used in the outer loop adaptation to set an SNR threshold and a 10-3 false detection probability target.  Finally, the peaks within the cyclic shift region of interest are summed and compared to the SNR threshold in order to determine if the preamble was detected.  

Simulations to evaluate each transmission type 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 PRACH preamble transmission or a 1 RB wide, 104 bit, PUSCH transmission.  The scheduler randomly selected one of the remaining UEs from the global pool of UEs to attempt detection of the transmitted signal.  UEs are scheduled such that each has the same number of transmission opportunities within a cell.   UEs receive in each discovery opportunity where they do not transmit. Once a UE is discovered, it is removed from the pool of UEs that can be discovered. 
Since only a single UE was multiplexed on each PRACH resource, an ideal timing assumption was used in the simulations where the detection window was placed exactly for each receiving UE.  Similarly, ideal timing was assumed for PUSCH receptions. In future simulations, where multiple UEs are multiplexed in the available discovery resources, explicit modeling of the different timing alignment values employed within the system will need to be modeled.  

Table A.1 Summary of System-Level Evaluation Parameters for D2D Discovery Evaluation

	Parameter
	Assumption

	Layout Option
	5

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

wrap-around universe

	Macro-cell Inter-site distance
	1732 m

	Carrier Frequency
	700 MHz

	Bandwidth
	10 MHz

	PRBs Available for Discovery
	6

	UEs per Cell
	32

	Transmitting UEs per subframe
	Message: 6 UEs

PRACH: 9 UEs

	Vehicle Penetration Loss
	0 dB

	Vehicle Speed
	3 kph

	UE Placement
	as per [6]

	UE Noise Figure
	9 dB

	UE Receive Antennas
	2

	PUSCH Channel Estimation Loss 
	1 dB


