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1. Introduction
In the Rel-12 WID for LTE D2D [1], the followings are decided to be studied for D2D signal/channel design:
· Define physical signals and channels and related UE behaviors for D2D discovery and broadcast communication [RAN1]

· Specify synchronization signal (D2DSS) and, if supported, synchronization channel (PD2DSCH)

· Specify modifications, if any, of PUSCH for D2D discovery and broadcast communication (data and scheduling assignments)

· Specify control needed for physical layer signal transmission/reception for broadcast communication

In the report for D2D SI in Rel-12 [2], the working assumption for discovery signal design is summarized:
Working assumption:
Discovery transmissions consist of a MAC PDU.

· Working assumption for further evaluation: Discovery transmissions can transmit a MAC PDU of 104 bits.
· It is FFS whether a UE transmits a “discovery preamble” prior to transmission of a discovery MAC PDU.

· Discovery preamble can differ from a D2DSS.

PUSCH structure as defined in 3GPP TS 36.211 [13] and 3GPP TS 36.212 [16] is reused with the following:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used. FFS between Release-8 Turbo and tail-biting convolutional codes.

· At least if MAC PDU is not smaller than 104 bits, then Release-8 Turbo coding is used.
· 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 reference signals is FFS

· None of the discovery MAC PDU is carried by the PUSCH DMRS
· Possible modifications to interleaver are FFS

· CP length: See Section 6.3.

· Detailed RE mapping is FFS

From the perspective of a single UE:
· No DTX period is introduced solely to aid switching for the case when a UE switches from uplink transmission to D2D reception 
· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized
· The last symbol(s) of a D2D transmission can consist of a gap
· The size of the gap is FFS between ½, 1 and 2 symbols – revisit at RAN1#76bis
· FFS whether the size can depend on cell size – revisit at RAN1#76bis
· FFS whether the gap is created by puncturing or rate matching
· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap
· FFS in which circumstances the gap exists
· No DTX period is introduced solely to aid switching for the case when a UE switches from D2D transmission to D2D reception, nor from D2D reception to D2D transmission. 
Based on the working assumption, we further discuss the design details of discovery signal in this contribution. It should be noted that only in-coverage discovery is supported in Rel-12.
2. Discussion
2.1. On discovery preamble
In the D2D SI, it is FFS whether a discovery preamble is transmitted prior to a discovery message. This discovery preamble may be used for assistant synchronization, channel estimation or AGC measurement. Among them, the synchronization requirement is expected to be already met by D2DSS. 
The reuse of PUSCH structure can also ensure the channel estimation performance via DMRS. The only possible function of discovery preamble would be AGC measurement. However, the resource and sequence for AGC measurement is an individual topic, and is preferred to be discussed independently from discovery preamble. The first OFDM symbol can be reserved for AGC measurement and adjustment. No additional discovery preamble needs to be introduced.
Proposal 1: The first symbol in each discovery subframe is used for AGC measurement and adjustment. No additional discovery preamble is introduced.
2.2. DRMS and scrambling design for message
As discussed in our contribution [3], the serving cell ID is proposed to be carried by D2DSS transmitted by UEs within coverage to distinguish D2DSS/PD2DSCH from synchronized neighboring cells. Since a D2D UE should detect D2DSS first for synchronization before detection of discovery message, the cell ID carried by D2DSS can be used to generate the DMRS sequence for following message. At Tx side, the DMRS sequence in LTE Rel-8 for PUSCH based on cell ID can be fully reused, which can reduce the UE complexity at both Tx and Rx side. In case that neighboring cells are synchronized and overlapped discovery resource pools are configured, Cell ID based DMRS can also restrict the interference among DMRS from different cells like that in LTE. In this case, cyclic shift or OCC is not necessary for additional interference randomization since the probability of resource collision within a cell is expected to be very low. Nevertheless, if cell ID is not carried by D2DSS/PD2DSCH of UEs within coverage and is unknown to receiver, common base sequence with multiple cyclic shift and/or OCC could be used as analyzed in [4].
For scrambling sequence of message, similar method as DMRS sequence can be adopted. At Tx side, the scrambling sequence can be generated based on the serving cell ID. At Rx side, the cell ID carried by D2DSS can be used to generate the scrambling sequence for following message. This would also provide the interference randomization for neighboring cells. If the cell ID is not carried by D2DSS/PD2DSCH, common scrambling sequence could be used for simplification of reception.
Proposal 2: If cell ID is carried by D2DSS/PD2DSCH of UEs within coverage, the same DMRS sequence as that in LTE Rel-8 is reused with predefined cyclic shift. Otherwise, common base sequence with multiple cyclic shift and/or OCC is used.
Proposal 3: If cell ID is carried by D2DSS/PD2DSCH of UEs within coverage, the scrambling sequence is generated based on the serving cell ID. Otherwise, common scrambling sequence is used.

2.3. Guard period design
In the RAN1#76 meeting, it was agreed that a guard period could be introduced in the last symbol(s) of a discovery subframe. The size may be 0.5, 1 or 2 OFDM symbols, and maybe depend on cell size. As analyzed in our contribution [4], the lowest requirement to the GP size would be the maximal value of TA in a cell to avoid the overlapping with cellular signal. Then a GP size of 0.5, 1 or 2 symbols could individually support a cell radius of 5km, 10km or 20km. It is expected that even the minimal value among them could satisfy the general application scenarios for discovery.  Hence, fixed GP size is sufficient irrespective of the cell size, and additional signaling for GP to receiver is not needed either.
In Figure 1 we show three typical GP designs corresponding to the alterative sizes. In Figure 2, the link level performances of discovery signal with different design patterns are compared with simulation assumption in Appendix. It can be found that the detection performance with 0.5-symbol GP is close to that with 1-symbol GP. Both of them are better than that of 2-symbol GP. However, with a GP size of 0.5 symbol, new data mapping and signal generation mechanism different from that in LTE should be introduced, which is not expected from perspective of minimizing specification efforts. With 1 symbol GP, the PUSCH data mapping in legacy LTE subframe with SRS at the last symbol can be fully reused. Totally considering the performance, coverage, specification effort and consistency between Tx and Rx, one OFDM symbol can be reserved as GP in each discovery subframe regardless of the cell size.
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Figure 1: different sizes of GP for discovery transmission
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Figure 2: performance comparison among different GP sizes
Regarding the data mapping of discovery message for GP, rate-matching similar to LTE or puncturing could be used. For puncturing case, the information in the last symbol would be lost, while the coding rate would be increased for rate-matching case. The performance of both mechanisms is compared in Figure 3. The rate matching of discovery message is proposed since it could provide better performance and keep the consistency with legacy LTE.
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Figure 3: performance comparison between rate-matching and puncturing
Proposal 4: The whole last OFDM symbol is reserved as GP in each discovery subframe regardless of the cell size.
Proposal 5: Rate-matching similar to LTE is used for GP.

3. Conclusion 

In this contribution, we discuss the details of signal design for discovery message. Inter-cell interference can be lowered by generating DMRS sequence and scrambling sequence based on cell ID, in case that the cell ID is signaled to receiver via D2DSS/PD2DSCH. One symbol GP created via rate-matching is preferred for discovery based on analysis and simulation. The proposals are summarized as follows:
Proposal 1: The first symbol in each discovery subframe is used for AGC measurement and adjustment. No additional discovery preamble is introduced.

Proposal 2: If cell ID is carried by D2DSS/PD2DSCH of UEs within coverage, the same DMRS sequence as that in LTE Rel-8 is reused with predefined cyclic shift. Otherwise, common base sequence with multiple cyclic shift and/or OCC is used.

Proposal 3: If cell ID is carried by D2DSS/PD2DSCH of UEs within coverage, the scrambling sequence is generated based on the serving cell ID. Otherwise, common scrambling sequence is used.
Proposal 4: The whole last OFDM symbol is reserved as GP in each discovery subframe regardless of the cell size.

Proposal 5: Rate-matching similar to LTE is used for GP.
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5. Appendix
Table 1: link level simulation assumptions

	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	1RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	104bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	Receiver
	MMSE






















































































