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1 Introduction
For D2D discovery, the following agreements were reached in RAN 1 #76-76bis meetings [1, 2]:

· Both for Type 1 and Type 2B:
· At least if message is not smaller than 104 bits, CRC is 24 bits
· Message scrambling is independent of any ID of the transmitting UE
· No modification to (PUSCH) interleaver 
· FFS: whether DMRS cyclic shift is chosen randomly every transmission 
· Type 1 and Type 2B use the same message design

· At least if message is not smaller than 104 bits, Rel-8 turbo coding is used for the discovery message

· Type 1:
· A discovery resource has a duration of not less than 1ms
· TDD special subframe is FFS
· Repetition (either contiguous or non-contiguous) of transmission of a given discovery MAC PDU by a UE within a discovery period is FFS; if supported:

· FFS between:

· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 

· The UE performs random selection for each resource in the set of resources. 

· The maximum number of repeated transmissions is FFS
In this contribution, we provide additional details on the discovery signal design for type 1 discovery. Given that type 1 and type 2B use the same message design; our proposals are applicable for type 2B as well. Given that type 2A is an eNB message sent to a connected UE, there is probably no need to define a discovery message format, for type 2A: for instance, if dedicated RRC signaling is used to transmit the type 2A discovery message, the type 2A message is sent on a regular PUSCH. Thus type 2A discovery signal design is not discussed in this contribution.
2 Discovery message design

2.1 Number of symbols 

In order to keep the structure as common as possible with PUSCH, 2 symbols are used for DMRS. One symbol is used for gap for in-coverage transmission [4]. The remaining symbols can be used for the discovery message. Figure 1 shows DMRS and gap locations for the normal CP case. 10 symbols, 120 REs are available for the discovery message.
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Figure 1: DMRS and gap locations
Proposal 1: Except 2 symbols used for DMRS and one symbol for the gap, the remaining symbols are used for D2D discovery message.
2.2 Number of PRBs
The number of bits transmitted in the discovery message is not yet finalized. However, it can be assumed at this stage that there will be:

· Around 200 bits for the payload (per SA2 input)

· In addition, SA3 is considering adding a 32-bit MIC

· A CRC is needed (e.g., 24 bits).

Thus, in total, it is anticipated that the discovery message payload is going to be around 256 bits. This message size might be reduced, but this is RAN2’s prerogative. Thus, for this contribution, a payload of 256 bits is assumed.
In [3], the number of PRB pairs needed to be allocated for transmitting a discovery message was investigated for several message sizes. The results are summarized in Table 1.

Table 1. Number of PRBs needed for various discovery message sizes
	Target SINR
	32 bits
	64 bits
	128 bits
	256 bits

	0 dB
	2 PRB pairs
	3 PRB pairs
	5 PRB pairs
	8 PRB pairs

	5 dB
	1 PRB pair
	1 PRB pair
	2 PRB pairs
	3 PRB pairs


Given that the path loss model for D2D communication suffer larger attenuation than the cellular signals, it is desirable to select a low target SINR to keep a decent D2D range. Thus, a target SINR of 0 dB is desirable. Lower would be better: most LTE cellular signals can be decoded at negative SINR values. Consequently, at least 8 PRB pairs are needed for the D2D discovery message
Observation: 8 PRBs are needed to transmit the discovery message.
One possible issue with an 8 PRB-message size is that the frequency multiplexing may result in a large waste. For instance, for a 10 MHz system, it is commonly assumed that 44 PRBs are available for D2D. That means that at most 5 discovery signals can be multiplexed in the same subframe, and that 4 PRBs are wasted. Thus, it makes more sense to transmit the discovery signal over 4PRBs in a subframe, and over 2 subframes. The 2 subframes should not be contiguous in time to minimize the impact on cellular transmissions [6]. Thus, we propose the following:
Proposal 2: The discovery message occupies 4 PRBs over 2 non-consecutive subframes.
2.3 Scrambling

The main goal of scrambling is to randomize interference. Scrambling is usually based on a pseudo-sequence derived from a seed. For the discover message, there is no obvious seed to use: a UE ID cannot be used, since the message is broadcasted. A cell ID is not suitable as well since discovery is not restricted to a single cell. However, given that the goal is to randomize the interference, we suggest using a predefined scrambling sequence defined in the specification. With a 256-bit payload, a 32-bit scrambling sequence seems appropriate.
Proposal 3: The discovery message is scrambled with a 32-bit scrambling sequence defined in the specification. 
2.4 Power level

As described in [5], an open-loop power control can be used to minimize the impact on cellular transmissions. For RRC_Connected UEs, the network can send a control command to enable/disable the open-loop power control.
Proposal 4: To reduce the impact on cellular, an open loop power control can be performed. The network can send a control command to enable/disable the open-loop power control for RRC_Connected UEs.  
3 Conclusions

Our view on how to design the D2D discovery signal is summarized in part in the following proposals:
Proposal 1: Except 2 symbols used for DMRS and one symbol for the gap, the remaining symbols are used for D2D discovery message.
Proposal 2: The discovery message occupies 4 PRBs over 2 non-consecutive subframes.
Proposal 3: The discovery message is scrambled with a 32-bit scrambling sequence defined in the specification. 
Proposal 4: To reduce the impact on cellular, an open loop power control can be performed. The network can send a control command to enable/disable the open-loop power control for RRC_Connected UEs.  
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