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1 Introduction

At RAN1#74 meeting, it was agreed that [1]
· Discovery transmissions can use a message of x bits
· Working assumption for the purpose of evaluations: x = 104 bits

In this contribution, we provide link-level evaluation performance using the above assumption for direct discovery. Since the content of the discovery signal has not been agreed yet, we also perform this evaluation for various other payload sizes.
2 Simulations for single-RB discovery signal
2.1 AWGN channel 
The first evaluation is performed for a discovery signal occupying one RB and one entire subframe in AWGN channel. 4 payload sizes are considered: 32, 64, 104 and 128 bits (including CRC). 3 schemes are evaluated:

· Scheme 1: OFDM baseband signal with reference signal (RS)on antenna port 1 

· Scheme 2: OFDM baseband signal with RS on antenna port 7

· Scheme 3: SC-FDMA baseband signal with RS like UL DMRS for PUSCH
Note that these three schemes have different RS overhead. The evaluation is conducted with convolutional codes since the payload size is small, while QPSK modulation is assumed in order to ensure robust detection. A one TX, one RX configuration is assumed. Results are shown in Figure 2. It can be observed that OFDM schemes perform better than the SC-FDMA scheme, and that scheme 1 is slightly better than scheme 2 due to the slightly lower RS overhead for scheme 1 over scheme 2.
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Figure 1: Mapping of demodulation reference signals of various schemes (yellow: RS, green: discovery data)
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Figure 2: BLER of discovery signal in AWGN with ideal channel estimation
Observation 1:
· Necessary SNR for direct discovery depends on the payload size and transmission schemes

· In AWGN channel, necessary SNR for direct discovery is about {-4.5dB, -1.5dB, 0.8dB, 2dB} for {32-bit, 64-bit, 104-bit, 128-bit} payload size respectively when scheme 2 is used, where target success ratio of detection is assumed as 99%.

2.2 Fast fading channel
In this section, we evaluate the performance in fast fading channel using realistic channel estimation for the ETU-3km/h channel. 1Tx antenna and 2Rx antennas are assumed. Results are shown in Figure 3. It can be seen that there is little performance difference between scheme 2 and scheme 3, and which one performs better depends on the payload size. To achieve 0dB SNR target, we also provide simulation result for scheme 2 with 2 PRBs. It can be observed that when payload size is small and more than one PRB are used for discovery signal, necessary SNR for direct discovery could be lower than 0 dB.
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Figure 3: BLER of discovery signal in ETU-3km/h with real channel estimation

Observation 2:

· In ETU-3km/h channel, necessary SNR for direct discovery is about {3dB, 5dB, 7dB, 8dB} for {32-bit, 64-bit, 104-bit, 128-bit} payload size respectively when scheme 2 is used, where target success ratio of detection is assumed as 99%.
· When payload size is 32 and 2 PRBs is used, necessary SNR for direct discovery could be lower than 0 dB.
· There is no big performance gap between scheme 2 and scheme 3 
3 Conclusions

In this contribution, we evaluate the performance of direct discovery for various payloads, and for various techniques. Our main conclusions are summarized below:
· There is no big performance gap between OFDM and SC-FDMA based discovery signal.
· Necessary SNR for direct discovery is much higher than 0dB for 104-bit payload size using 1PRB. Using more than 2 PRBs to transmit the discovery signal seems appropriate to operate at low SNR.
· The number of required bits has huge impact on number of occupied PRBs regardless of SINR target.
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Appendix

Table 1. Link level simulation parameters assumptions
	Bandwidth
	10MHz

	Carrier frequency 
	2G Hz

	Channel model 
	AWGN  

ETU:  The delay profiles refer to 36.101 Table B.2.1-2

	MIMO configuration
	1x1for AWGN

1x2 with low correlation for ETU

	Modulation
	QPSK

	Channel coding
	CC with 16-bit CRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Ideal or realistic

	Noise estimation
	realistic

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h








































































































