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1 Introduction

At the RAN1#77 meeting, the necessity of PD2DSCH channel was discussed and the following agreement was reached:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number

· D2D frame number is a frame number used for D2D communication

· FFS: Details of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN

In this contribution, we provide our views on the content of physical D2D synchronization channel (PD2DSCH) and its design. Our views on other synchronization aspects provided in companion contributions [2]-[4].
2  PD2DSCH and Different Deployment Scenarios
The PD2DSCH may be used to enable D2D communication in multiple deployment scenarios including 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 may be similar to the PBCH channel in cellular scenarios.

In-coverage scenario

The D2D capable UEs may appear within network coverage hole. These UEs (due to lack of connection with eNodeB), may start transmission of D2DSS signals not aligned with the network timing. In this scenario, the synchronization procedure can be used to prevent potential interference issues in such situation. In addition, the PD2DSCH transmission may be useful in asynchronous networks or if cells have different D2D resource pool configurations. In latter case, UEs may not be able to decode the information about D2D resource pools from the neighbor cells, subject to interference constraints.
On the other hand, if i information about D2D resource pools is common across cells or provided by eNodeB for neighboring cells including potential time offsets among cells, then PD2DSCH may not be needed at least for synchronous deployment scenarios.

Partial coverage scenario
In partial coverage scenario, the PD2DSCH may be used to carry information about in-coverage D2D resource pools to the UEs in network proximity, so that resource pools within network proximity are aligned. In addition, this channel can be used to inform out of coverage UEs about some of the D2D settings. However, similar to in-coverage case, if it can be assumed that out of coverage UEs within network proximity are aware about network D2D settings, then PD2DSCH channel may not be needed in partial coverage scenario. It should be noted that forwarding of D2D specific information to out of coverage UEs may not be always feasible (there may be no D2D capable UEs in the cell). From this perspective, it is desirable to have default D2D settings.
Out of coverage scenario
In out of coverage scenarios, the PD2DSCH transmission may be also avoided if all D2D settings are pre-configured/predefined and thus aligned across all UEs. However, it is unclear how to guarantee that all out of coverage UEs have the same settings such as for example D2D operation bandwidth, number of hops, D2DSS received power threshold, etc. In addition, the PD2DSCH channel in out of coverage can be used to broadcast basic D2D operation settings.
3 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
	#bits

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.

SSID – 16 bits (e.g. 10 MSBs are carried over PD2DSCH, 6 LSBs are encoded by SD2DSS)
	10

	System bandwidth / D2D operation bandwidth
	BW (1.4, 3, 5, 10, 15, 20 MHz)
	3

	Max number of hops
	Max number of hops
	≤ 2

	Cyclic redundancy check
	CRC
	16

	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.
	3

	Mode-2 D2D resource pool configuration index
	Includes indication of allocated time and frequency resources for Mode-2 D2D operation, PD2DSCH periodicity, scheduling assignment resources, discovery, etc. 
	≤ 6

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined RSRP values 
	2

	D2D frame number
	MSBs of the system frame number
	8

	Total number of bits
	50


In case of partial coverage scenario, the Mode-2 resource pool configuration [1] needs to be broadcasted to out of coverage UEs. The Mode-2 resource pool configuration can be implemented in multiple ways. The most flexible approach is to use the repeated bitmap pattern to indicate UL subframes that belong to Mode-2 resource pool. In general, this bitmap may span over multiple LTE frames to fit HARQ operation timelines and may be configured by the network. However the bitmap approach while providing significant flexibility may also create significant overhead for its relaying over PD2DSCH and may create many challenges in alignment of the Mode-2 resources. In order to keep the reasonable PD2DSCH payload size and appropriate link budget the simplified mechanism may need to be defined for Mode-2 resource pool configuration. One of the approaches is that relaying UE just indicates the predefined Mode-2 data resource pool configurations. The set of Mode-2 resource pool configurations may be predefined by specification and include parameters such as Mode-2 SA scheduling cycle/period, SA region configuration and set of subframes that can be utilized for Mode-2 D2D data transmission.
Proposal 1
· To save overhead of PD2DSCH channel and ensure alignment of Mode-2 D2D resource pools between in-coverage / partial coverage and out of coverage UEs we propose:

· PD2DSCH is used to indicate the Mode-2 D2D resource pool configuration index from the predefined set of Mode-2 D2D resource pool configurations (two configuration indexes may be used – one for SA and one for data);
· PD2DSCH is transmitted on predefined/fixed UL subframe within LTE frame;

· Start of SA transmission region is defined relative to the PD2DSCH transmission time instance.

The Table 2 describes parameters for out of coverage operation. It should be noted that for out of coverage case the information about Mode-2 D2D resource pool configuration, UL/DL configuration is not needed. The first one may be predefined, while the second one is not relevant in out of network coverage.
Table 2: Information carried by PD2DSCH in out of network coverage scenario

	Information
	Description
	bits

	Synchronization source identity (SSID)
	The synchronization source identity can be used to identify the original synchronization source.

SSID – 16 bits (e.g. 10 MSBs are carried over PD2DSCH, 6 LSBs are encoded by SD2DSS)
	10

	System bandwidth / D2D operation bandwidth
	BW(1.4, 3, 5, 10, 15, 20 MHz)


	3

	Max number of hops
	Max number of hops
	≤ 2

	Cyclic redundancy check
	CRC
	16

	D2DSS received power threshold (RSRP threshold)
	Index to the table with predefined or preconfigured RSRP values. The threshold is used to reduce the D2D synchronization source density and can serve as a criteria to become synchronization source.
	2

	Mode-2 D2D resource pool configuration index
	Includes indication of allocated time and frequency resources for Mode-2 D2D operation. Selected from Mode-2 subset for in-coverage
	2

	D2D frame number
	D2D frame counter
	8

	Total number of bits
	43


Observation 1
· PD2DSCH content depends on scenario (in-coverage/partial coverage or out of coverage).

· The amount of information bits to be carried by PD2DSCH is within the 40-50 bits range including 16 bits CRC.

Proposal 2
· Agree on PD2DSCH content provided in Table 1 and Table 2.
4 Multiplexing of D2DSSs for Multi-hop Synchronization

The mapping of PD2DSS and SD2DSS signals should be aligned with the synchronization procedure. In case of multi-hop synchronization propagation, the hop count should be associated with the corresponding time resource in order to enlarge the synchronization area from each hop as much as possible. The transmissions from the independent and gateway synchronization sources (I-SS and G-SSs)[3] with different hop counts should not collide on the same time resource, in order to avoid shrinkage of synchronization area especially in case of dense deployments. The latter may happen if multiple closely located synchronization sources with different hop counts occupy the same synchronization resources in time (e.g. the resource of the independent synchronization source). In addition, TDM can simplify the tracking of the timing from synchronization sources with lower hop count.
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Figure 1: TDM multiplexing of D2DSS from different hops.

Proposal 3
· Time division multiplexing is used to multiplex D2DSS/PD2DSCH signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).

5 PD2DSS and SD2DSS Mapping

The PD2DSS and SD2DSS should be transmitted periodically. The synchronization period in the order of 40-120ms may be considered for D2D communication. The 80ms periodicity may be a good tradeoff in terms of synchronization performance and overhead. 

Observation 2
· The D2DSS transmission in the order of 40-120ms can be considered. 
Proposal 4
· The 80ms synchronization period is used for D2DSS transmission.

To support multi-hop operation, several consecutive subframes can be allocated for transmission of PD2DSS and SD2DSS jointly with PD2DSCH transmission. The position of PD2DSS and SD2DSS may vary in order to optimize and simplify the timing and carrier frequency offset estimation accuracy. As it was discussed in our companion contribution [4], the transmission of several PD2DSS signals may be beneficial for initial timing and frequency estimation assuming single shot synchronization. The position of the SD2DSS signals relative to the PD2DSS may be distinct comparing to the legacy system, where in case of FDD, the SSS and PSS are transmitted consecutively on adjacent symbols (FDD: SSS-PSS) and in case of TDD are interlaced by two data symbols TDD: (SSS-Data-Data-PSS). Although, the later may be compromised if PD2DSS signal is different from PSS [4]. For D2D synchronization, the example of potential SD2DSS and PD2DSS and PD2DSCH mapping is shown in Figure 2. In this case two PD2DSS signals are placed at the slot boundaries in order to perform initial timing and frequency estimation and the positions of the two SD2DSS signals are shifted comparing to the legacy system operation in order to avoid potential impact on the cellular cell search procedures, if PD2DSS and SD2DSS are based on PSS and SSS signals respectively. The intermediate symbols are occupied by PD2DSCH data. The PD2DSCH can occupy either the whole PD2DSS/SD2DSS bandwidth can be increased up to 6 PRBs or can be slightly lower to fit the PUSCH DFT bandwidth.
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Figure 2. SD2DSS and PD2DSS mapping in case of extended CP.

Proposal 5
· Use two symbols of PD2DSS and SD2DSS in subframe carrying PD2DSCH.

6 PD2DSCH Link Budget Analysis

In this section, we provide link budget analysis for PD2DSCH demodulation performance. We consider extended 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 using TBCC encoding and QPSK modulation. The results of our analysis are presented in Error! Reference source not found.Figure 3.
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Figure 3. MCL for PD2DSCH channel)

Observation 3
· One PD2DSCH subframe is sufficient to reach link budget -130 dB. Two subframes are required for -133dB link budget.

In terms of PD2DSCH physical structure we have the following proposal:
Proposal 6
· QPSK modulation and TBCC are used for PD2DSCH.
· Resource size is aligned with PD2DSS/SD2DSS sequence length and is set equal to 72 REs [4] 
· SC-FDM waveform and DFT pre-coding are applied for PD2DSCH transmission.
7 Conclusions

In this contribution, we provided our views on design of physical D2D synchronization channel (PD2DSCH). In summary we have following proposals:
· To save overhead of PD2DSCH channel and ensure alignment of Mode-2 D2D resource pools between in-coverage / partial coverage and out of coverage UEs we propose:

· PD2DSCH is used to indicate the Mode-2 D2D resource pool configuration index from the predefined set of Mode-2 D2D resource pool configurations (two configuration indexes may be used – one for SA and one for data);

· PD2DSCH is transmitted on predefined/fixed UL subframe within LTE frame;

· Start of SA transmission region is defined relative to the PD2DSCH transmission time instance.

· Agree on PD2DSCH content provided in Table 1 and Table 2.

· Time division multiplexing is used to multiplex D2DSS/PD2DSCH signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).

· The 80ms synchronization period is used for D2DSS transmission.

· Use two symbols of PD2DSS and SD2DSS in subframe carrying PD2DSCH.

· QPSK modulation and TBCC are used for PD2DSCH.

· Resource size is aligned with PD2DSS/SD2DSS sequence length and is set equal to 72 REs [4] 

· SC-FDM waveform and DFT pre-coding are applied for PD2DSCH transmission.
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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; Extended CP

	Channel estimation
	Practical channel estimation (PRB based)

	FEC
	TBCC, CRC = 16 bits, payload = 30 and 50 bits 

	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)


PAGE  
6/7

G-SS3
(2nd hop)
I-SS1
(1st hop)
G-SS2
(2nd hop)
G-SS4
(2nd hop)
G-SS5
(3rd hop)
Time
G-SS5 may become the 3rd hop since it may not be able to detect I-SS1 due to its collision with  G-SS4
Allocated D2DSS time resources
D2DSS  Time Resources  selected by UEs
G-SS3
(2nd hop)
I-SS1
(1st hop)
G-SS2
(2nd hop)
G-SS4
(2nd hop)
G-SS5
(2nd hop)
Time
Allocated D2DSS time resources
D2DSS  Time Resources  selected by UEs
G-SS5 is the 2nd hop since it is within synchronization range of  I-SS1
1st hop collides
TDM Multiplexing
Hop TDM Multiplexing





1st hop
2nd hop
3rd hop
PD2DSS
PD2DSS
SD2DSS
SD2DSS
PD2DSCH
Subframe



