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1 Introduction
In this contribution, we discuss physical D2D synchronization channel (PD2DSCH) design [1]. The PD2DSCH is used to enable D2D communication in multiple deployment scenarios: in-coverage, partial coverage and out of coverage. It is transmitted by terminals to provide essential physical layer parameters used for D2D communication. The functionality of the channel is similar to the PBCH channel in cellular scenarios where UEs need to decode the master information block (MIB).
2 PD2DSCH Content
The PD2DSCH channel is transmitted by the synchronization sources and its content may vary depending on the scenario. In this section we discuss the minimum set of information that needs to be carried by PD2DSCH in order to enable D2D communication. The Table 1 discusses the PD2DSCH parameters for within and partial network coverage scenarios. 
Table 1: Information carried by PD2DSCH for within/partial network coverage scenario
	Information
	Description

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.
SSID – 16 bits (e.g. 9 MSBs are carried over PD2DSCH, 7 LSBs are encoded by SD2DSS)

	System bandwidth
	BW – 3 bits (1.4, 3, 5, 10, 15, 20 MHz)

	Max number of hops
	Max number of hops: 1-2 bits

	Cyclic redundancy check
	CRC – 16 bits

	UL/DL configuration + TDD/FDD differentiation
	Indication of 7 legacy UL/DL configurations and FDD (3’b111)
It is FFS if this information can be a part of D2D resource pool configuration.

	D2D resource pool configuration
	Includes indication of allocated time and frequency resources for D2D operation including PD2DSCH periodicity, scheduling assignment resources (D2DCI), discovery, etc. Amount of bits FFS e.g. 2 bits

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined or preconfigured RSRP values 1 or 2 bits

	Other information
	FFS


The Table 2 describes parameters for out of coverage operation. It should be noted that for out of coverage case the information about D2D resource pool configuration, UL/DL configuration. The first one may be predefined the second one has no relevance in out of network coverage.
Table 2: Information carried by PD2DSCH in out of network coverage scenario

	Information
	Description

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.
SSID – 16 bits (e.g. 9 MSBs are carried over PD2DSCH, 7 LSBs are encoded by SD2DSS)

	System bandwidth
	BW – 3 bits (1.4, 3, 5, 10, 15, 20 MHz)

	Max number of hops
	Max number of hops: 1-2 bits

	Cyclic redundancy check
	CRC – 16 bits

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined or preconfigured RSRP values 1 or 2 bits. The threshold is used to reduce the D2D synchronization source density.

	Recommended time resource indication
	This information can be used to reduce in-band emission problem [2]. The UE may select predefined resource if there is no half-duplex collisions with transmitters of interest. 2bits

	Other information
	FFS


In addition, the PD2DSCH channel may carry information about system frame number or MSBs of system frame number. However, this information may be an optional since transmission of PD2DSCH should be periodical and infrequent. The occurrence of PD2DSCH may serve as a counter.
Observation 1
· PD2DSCH content depends on the scenario (in-coverage or out of coverage).

· The amount of information bits to be carried by PD2DSCH is within the 30-50 bits range including 16 bits CRC.

Proposal 1
· The information about type of the synchronization source is encoded into the D2DSS signals.

· Agree on information to be included into the PD2DSCH provided in the above Tables.
· Further discuss and finalize signaling details and content.

2 PD2DSCH Physical Structure
The decision on PD2DSCH physical structure should depend on the target/maximum D2D communication range. In our view RAN1 WG needs to make the decision on the communication range first and then discuss specific details of PD2DSCH design. In many previous evaluations it was assumed that D2D receiver may associate to the D2D transmitter if the received power is -112 dBm which converts into the 135dB maximum loss assuming UE model parameters agreed in [1]. Later on the -107 dBm value was proposed as an alternative. This topic is discussed in more details in our companion contribution [3].
In [4], we discuss possible options for PD2DSCH transmission. In our view, the PD2DSCH channel should be coupled with synchronization and thus we propose to combine its transmission with D2DSS. The UE during the scanning will detect first the synchronization signals/sources and then can decode the PD2DSCH channel to extract parameters important for D2D communication.

The PD2DSCH channel is transmitted periodically by synchronization sources. The transmission periodicity of PD2DSCH channel in the order of 320ms - 640ms can be considered.
Proposal 2
· PD2DSCH channel is periodically transmitted by synchronization sources.
· D2DSS signals are used for PD2DSCH demodulation.

3 PD2DSCH Link Budget Analysis
In this section, we provide link budget analysis for PD2DSCH demodulation performance. We consider both extended and normal CP and assume that 4 symbols are used for synchronization. The transmission occupies 6 PRBs and only two symbols are used for channel estimation. In addition we study 1 and 2 subframes for PD2DSCH transmission as well as two schemes for encoding TBCC and CTC. The results of our analysis are presented in Figure 1.
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Figure 1. MCL for PD2DSCH channel, 1 subframe (left), 2 subframes (right)
Observation 2
· There is no big gap between CTC and TBCC performance although the TBCC provides slightly better performance.
· Usage of one subframe is sufficient to reach link budget -130 dB. Two subframes are required for -133dB link budget.
4 Conclusions
In this contribution we provided our views on PD2DSCH content and physical structure. Based on the discussion we have the following proposals:
Proposal 1
· The information about type of the synchronization source is encoded into the D2DSS signals.

· Agree on information to be included into the PD2DSCH provided in the above Tables.
· Further discuss and finalize signaling details and content.

Proposal 2
· PD2DSCH channel is periodically transmitted by synchronization sources.

· D2DSS signals are used for PD2DSCH demodulation.
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Appendix A - Link Level Evaluation Assumptions
In this section, we provide simulation assumptions for link level evaluation results. The assumptions used for analysis are summarized in tables below:
Table 3: Link level assumptions.
	Parameter
	Values

	Channel model
	IMT UMi CDL, velocity = 3 km/h;

	Number of antennas
	1TX, 2RX

	Physical channel
	PUSCH physical channel: 6 PRBs; Normal and Extended CP

	Channel estimation
	Practical channel estimation (PRB based)

	FEC
	CTC and TBCC, CRC = 16 bits + 30 payload

	Sync Symbol number
	2(4)

	QoS target
	1 % residual BLER


Table 4: MCL calculation template.
	Parameter
	Value

	Transmitter
	

	(1) Tx power (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	Depends on number of allocated PRBs

	(6) Effective noise power = (2) + (3) + (4) + 10 log10(5) (dBm)

	(7) SINR (dB) 

	(8) Receiver sensitivity  = (6) + (7) (dBm)

	(9) MCL = (1) ( (8) (dB)
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