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1. Introduction
In RAN1 #74 meeting, topics related to D2D discovery were extensively discussed. Conclusions related to discovery signals are as follows [1]:
· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

The agreed working assumption for the purpose of evaluations is x = 104 bits.
In RAN1 #74bis meeting, SC-FDMA was agreed and would be applicable to all data-carrying physical channels for D2D. Details of working assumption on discovery signal design are [2]: 

· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message:

· PUSCH structure is reused, with:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes

· Rate matching is used for bit size matching and possibly for generating multiple transmissions

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

In this contribution, discovery signal and message design details will be discussed together with some simulation results.
2. Discussion on discovery signal/message design options
2.1. Sequence options
As PUSCH structure will be reused for discovery message transmission, a straightforward utilization of sequence is to reuse PUSCH DMRS for discovery sequence. There are also proposals to introduce additional RS. In order to judge the necessity of additional RS, link level simulations are carried out for two options of sequence, denoted as Sequence Option 1 and Sequence Option 2, as shown in Fig. 1. The evaluation metrics include the synchronization error and detection rate of discovery message. Note that in the right pattern of Fig. 1, the RS sequence is also Zadoff-Chu.
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Sequence Option 1                                       Sequence Option 2
Figure 1 Two options of sequence patterns.
Synchronization error statistics are shown in Fig. 2 and detection rates are shown in Fig. 3.
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Figure 2 Synchronization error statistics, AWGN channel.
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Figure 3 Comparison of block error rate for discovery messages, TU 3km/h
Considering the synchronization result, Sequence Option 2 performs better since the sequence is longer. However, both performances seem acceptable with LTE normal CP length. While for message detection rate, Sequence Option 1 performs better, since the code rate is about 0.44 for Option 1 while for Option 2, the code rate is about 0.53, with payload of 104 bits and 24 bits CRC is assumed in the simulation. 
Based on the performance shown above, we have the following proposal:

Proposal 1: Rel-8 PUSCH DMRS should be reused for message based discovery.
2.2. CRC options
In LTE cellular, 24 bits CRC is widely used in traffic channel, e.g. PDSCH and PUSCH, as well as PMCH; while 16 bits CRC is used in PDCCH and PBCH. As known, the length of CRC has certain impact on performance. But of course, longer CRC will introduce extra overhead to data transmission. Compared with the size of data block, the overhead of 24 bits CRC is negligible, but for 104 bits discovery message, 24 bits seems redundant. Link level simulation results are shown in Fig. 4 to illustrate the performance difference. 
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Figure 4: performance comparison of different CRC length
Regarding the CRC length, we have the following proposal:
Proposal 2: 16 bits CRC for discovery message should be assumed as baseline for further evaluation.
2.3. Channel coding options
Turbo codes have superior performance to tail biting convolution code (TBCC) while the latter has less decoding complexity. In LTE, TBCC is used for coding of DCI. Besides link performance, another important concern on PDCCH design is the decoding complexity, for UE have to decoding tens of DCIs in each subframe to perform blind detection, therefore TBCC was adopted. For D2D discovery, there might be similar concern, as UEs may also have to detect and decode tens of discovery messages in each discovery subframe. 
Proposal 3: TBCC could be considered as baseline for channel coding of discovery message for further study and evaluation.
2.4. CP length

CP is needed not only to mitigate the multipath fading, but also to absorb the synchronization error and propagation delay. Take an example shown in Figure 5. UE1 transmits discovery signal and both UE1 and UE2 assume T2=0 when performing discovery signal transmitting and receiving [2]. 
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Figure 5 An example of timing for discovery

Timing details of Fig. 5 are shown in Fig. 6. It can be seen that due to the propagation difference between eNB-UE1 and eNB-UE2, and the propagation of UE1-UE2, timing error occurs when UE2 tries to detect discovery signal from UE1. The timing error depends on the UE locations and the maximum value is 2*Tp_d2d. For normal CP, the length 4.6875us allows the range of 700 m, while for extended CP, the timing error tolerance can be much larger.
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Figure 6: paradigm of timing error in discovery
From the discovery distance statistics in [3], it seems that the UE-UE distance can be above 700 m. While extended CP may cause serious waste of resource in specific scenarios e.g. some heterogeneous deployments, it may be more beneficial to allow certain flexibility of CP length. 
Proposal 4: for discovery purpose, CP length may be configurable by network.
3. Summary
Discovery signal/message design details were discussed in this contribution and numerical performances were studied based on link level simulation. According to the discussions and evaluations, we have the following proposals for the further studies of D2D discovery:

Proposal 1: Rel-8 PUSCH DMRS should be reused for message based discovery.
Proposal 2: 16 bits CRC for discovery message should be assumed as baseline for further evaluation.
Proposal 3: take TBCC as baseline for coding of discovery message for further study and evaluation.
Proposal 4: for discovery purpose, CP length may be configurable by network.
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Appendix

Link level simulation parameters are listed in table A.1.

Table A.1: link level simulation parameters

	Configurations
	Values

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10 (available RB num = 50)

	Frame structure
	LTE Release-8 FDD Normal CP

	Modulation scheme
	QPSK

	Discovery message payload
	104 bits

	CRC bits number
	16 and 24 bits

	Channel coding and rate

matching
	Same as Rel-8 PUSCH

	Channel model
	 TU

	#Antenna
	1×2

	Antenna correlation
	Independent
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	Channel estimation
	LMMSE

	Receiver
	MMSE
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