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1. Introduction
Up to 3GPP RAN1#74 meeting, the evaluation scenario and assumptions are agreed. In this contribution, preliminary evaluation results on D2D discovery of layout option 1 are provided. 
2. Link level evaluation
Direct discovery solution can include either sequence based discovery or packet based discovery or a combination of both. By sequence based discovery, certain sequences for device discovery are transmitted. By packet based discovery, encoded packets carrying relevant discovery information are transmitted. Both packet and sequence based discovery signal are evaluated by link level simulation. 
2.1. Sequence based discovery
Existing LTE sequence transmission designs shall be reused as much as possible for discovery sequence design to save standardization effort. With this in mind, 4 options of sequence transmission are considered as shown in Figure 1:

Option 1: CSI-RS-like sequence transmission: The sequence is transmitted in one OFDM symbol and arranged sparsely in frequency domain. In the evaluation, density of 1 RE/PRB is assumed.
Option 2: PSS/SSS-like sequence transmission: The sequence is transmitted in one OFDM symbol within 1.08MHz consecutive bandwidth.

Option 3: SRS-like wideband sequence transmission: The sequence is transmitted in one OFDM symbol occupying the whole bandwidth.

Option 4: PRACH-like transmission: The sequence is transmitted in one PRB.

Discovery probability of the four options with false alarm rate 0.1% is shown in Figure 2. Assuming the same transmit power, the four options perform similar in terms of discovery probability. For SNR greater than 5 dB, 99% discovery probability could be achieved by all four options. Their performance shall be further evaluated under realistic condition such as frequency/time synchronization error and in-band emission. 
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Figure 1: Sequence based discovery signal transmission
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Figure 2: Discovery probability of discovery sequence
2.2. Packet based discovery

In the evaluation LTE PUSCH channel structure is adopted to carry discovery information. Different payload sizes of 64bits and 128 bits are evaluated. QPSK modulation is used. Accurate time and frequency synchronization is assumed. ITU UMi NLOS channel model is employed in the simulation. The evaluation results are shown in Figure 3. From the evaluation results, to achieve discovery probability of 99%, the required SNR is 8.5dB and 11dB for 64-bit and 128-bit packet respectively. 
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Figure 3: Discovery probability of 64-bit and 128-bit packet
3. System level evaluation

In the evaluation, D2D interval, in which discovery signal are allowed to be transmitted, are configured to occur every N ms, e.g., N = 1000. Each D2D interval consists of M consecutive subframes, and M = 16, 32, 64 are evaluated individually. In the evaluation, one discovery resource comprises one PRB pair. Within each discovery period, a UE can be assigned one discovery resource. The resource could be configured by network or selected by UE itself. The discovery resource configuration is illustrated in Figure 4. On the assigned resource, UE transmits discovery signal with maximum transmission power, i.e., 23dBm for general scenario.
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Figure 4: Discovery resource configuration

In the evaluation, each UE is randomly assigned one discovery resource within each D2D interval. UE transmits discovery signal on the selected discovery resources. Discovery resources in different D2D interval are selected independently.
For a discovering UE, which will receive and decode discovery signal, SINR of each target UE is calculated. Discovery decision is then made based on the calculated SINR and the link level evaluation results in Figure 3 with 128-bit packet. 
On discovery signal reception, signal from UEs other than the target UE is taken as interference if they are transmitting on the same discovery resource. In-band emission is modeled according to TS 36.101 [1] unless otherwise specified explicitly. If it is transmitting discovery signal in a subframe, then it will skip reception of discovery signal in the subframe due to duplex constraint.
According to the agreements, the performance metrics include number of discovered UE as a function of time, CDF of number of UEs discovered as a function of time, the probability of discovery as a function of time, the probability of discovery vs. pathloss. In the following sections, these performance metrics are discussed and impacts from different in-band emission modeling are also evaluated. The detail simulation assumption could be found in appendix.
3.1. Number of discovered UE as a function of time
The number of discovered UE is averaged across all discovering UE. From the evaluation results in Figure 5, the discovered UE increases rapidly from the beginning of discovery. However, the increasing rate slows down with time. After 20 discovery periods, about 110, 145, 170 UEs are discovered with M = 16, 32, 64 respectively.
From the perspective of evaluating discovery result, we also give the probability of discovery as a function of time. The probability is calculated as the ratio between the average discovered UEs and the average number of target UEs. The average number of target UE is given by averaging the number of target UE of discovering UE. The number of target UE is the number of UE within X meters from the discovering UE. In this preliminary evaluation, X is set to 300. From the probability result in Figure 6,  after 20 discovery periods, about 18%, 25%, 28% percent UE are discovered with M = 16, 32, 64 respectively.
It is clear from the results that the more resources are allocated for D2D discovery, the more UEs are discovered. However, system overhead also increases proportionally. 
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Figure 5: Average number of discovered UEs
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Figure 6: Probability of discovery
3.2. CDF of number of UEs discovered as a function of time
CDF of number of UEs discovered as a function of time is given in Figure 7. Results for discovery period = 1,3,5 are shown. With M = 16, the medium are 57, 71, and 74 UEs after discovery period 1, 3, and 5 respectively. With M = 32, the medium are 70, 87, and 95 UE after discovery period 1, 3, and 5 respectively.
It is worth noting that there is a floor in the CDF curve. The reason of the floor is that there are 80% indoor UEs which are able to discover less UEs than those 20% outdoor UEs. As 2/3 UEs are distributed in buildings, the density of indoor UE is much higher than outdoor UE. The interference between indoor UE makes it unable to discover as much UEs as outdoor UE.
In order to get more insight, we also collects statistics about the CDF of discovery probability as a function of time in Figure 8. The discovery probability of a UE is defined as the ratio between the number of the discovered UE and the number of target UE. The discovery probability of all discovering UEs are collected to generate CDF of the discovery probability. It can be seen that at most 50% UEs within radius of 300m could be discovered with M = 32 after 5 discovery periods. The 50% undiscovered UEs mostly suffer indoor-outdoor penetration or even indoor-outdoor-indoor penetration.
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Figure 7: CDF of number of discovered UEs
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Figure 8: CDF of discovery probability
3.3. Probability of discovery as a function of time and pathloss
For closed discovery, metric of the probability of discovery as a function of time is required. However, the definition of the metric is not very clear. The probability could be calculated either from all UE pairs or from UE pairs with certain pathloss. In this contribution, the later definition is adopted. It also reflects the metric probability of discovery vs. pathloss. That is, the probability of discovery as a function of time and pathloss is given.
For each discovering UE, the number of target UEs within a pathloss bin [PLlow, PLhigh] is as counted as Ntarget. Discovery procedure is then performed at each discovery period. For each discovering UE, number of successfully discovered UE within the pathloss bin [PLlow, PLhigh] is evaluated as Ndiscover. The discovery probability within the pathloss bin is calculated asρ= ∑Ndiscover /∑Ntarget. In the evaluation, the resolution of pathloss bin is 1 dB. The evaluation result is given in Figure 9. The discovery probability is not monotonic with pathloss.  With pathloss around 110 dB, there is outdoor-to-outdoor propagation for most of UE pairs. As pathloss decreases from 110 dB, indoor-to-indoor propagation starts domination. As explained in previous section, indoor UEs are unable to discover as much UEs as outdoor UEs due to more severe interference condition. Therefore, there is a drop on discovery probability. 
Alternatively, discovery probability of UE pairs within certain pathloss is also calculated. The calculation procedure is similar as above except that the target UE and discovered UE are counted in pathloss region [0, PLhigh]. It is a metric of discovery capability for UE pairs within certain pathloss. The evaluation results are given in Figure 10. After 5 discovery periods, all UE pairs within pathloss of 80 dB are discovered. 
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Figure 9: Discovery probability as a function of pathloss and time
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Figure 10: Accumulated discovery probability as a function of pathloss and time

3.4. Modeling of in-band emission
The modeling of in-band emission is discussed extensively in previous meeting and email reflector. Five options of in-band emission modeling are discussed.
Option A: In-band emissions are not modeled.

Option B: In-band emissions are modeled according to TS 36.101 [1], Section 6.5.2.3.

Option C: Assume emission noise floor -30 dBc relative to PSD for the transmitted resource blocks.

Option C’: Assume emission noise floor -36 dBc relative to PSD for the transmitted resource blocks. Option C’ is a relaxed version of Option C.
Option D: Total in-band emissions power is X dB below the transmit power, and distributed uniformly over all non-allocated sub-carriers. Working assumption of X = 20 dB.
Option D favors narrow band design over wideband design and seems not accepted by most companies. In this contribution, option A, B, C, and C’ are evaluated. Averaged number of discovered UEs and discovery probability are plotted in Figure 11 and Figure 12. There is significant gap between the four options. Impact due to choice of in-band modeling strategy on D2D design options is not negligible. The modeling of D2D operations shall be studied further.
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Figure 11: Average number of discovered UEs with in-band emission modeling options
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Figure 12: Discovery probability with in-band emission modeling options
4. Conclusion 

In this contribution preliminary evaluation results of layout option 1 are provided. Several performance metrics are discussed in detail. Different in-band emission modeling options are also evaluated. It is suggested to further study in-band emission modeling as it has significant impact on D2D design.
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6. Appendix
Table 1: Simulation assumptions

	Parameter 
	Assumption 

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site wrap around
Option 1 (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell)

	Channel model
	According to the agreements in chairman notes of #73meeting and email discussion [#73-10/10a]

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	16/32/64

	Discovery signal format
	1RB PUSCH with two slots

	In-band emission
	According to 36.101

	Discovery range
	300m

	Multiple access type
	SC-SDMA

	Modulation type
	QPSK

	Message size
	128bits

	UE mobile speed
	3km/h
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