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1. Introduction
In RAN1 #75 meeting, working assumptions of synchronization for D2D communication are as follows:
· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS

This contribution addresses two aspects of synchronization for D2D broadcast communication: 1) synchronization procedure which is apply to different scenarios, and 2) the details of synchronization signals design.
2 Synchronization Procedure
The following procedure is envisioned for D2D broadcast communication synchronization. D2D transmitter sends synchronization signal before it starts to broadcast data so that the receivers can time and frequency aligned with the transmitter. There are different synchronization procedures in different scenarios. This contribution provides a synchronization procedure which can be applied to all scenarios.
As shown in Fig.1, when UE turns on, it first searches for cellular PSS/SSS. If more than one is found, it means that the UE is in the coverage of cellular cell, so it will perform the same synchronization procedure of LTE and camp on an eNB. When the UE has data to transmit, it should first send a request to eNB, and transmit D2DSS and/or PD2DSCH based on the scheduling grants of eNB/CH, and then start to broadcast data transmission.
If UE cannot find any PSS/SSS from cellular networks, it means that the UE is out of the cellular coverage. So it starts to scan PD2DSS from other UEs on perhaps more than one fixed frequency position. If the UE cannot find any PD2DSS in a long timing window, it will take the role of synchronization source and transmit D2DSS and/or PD2DSCH. If the UE detects more than one PD2DSS, it will keep synchronized to one of them or keep synchronized to all of them. Then the UE receives SD2DSS and acquires DMRS. The UE would decode PD2DSCH based on DMRS. When the UE has data to broadcast, it would transmit PD2DSS before data transmission and continue PD2DSS periodically during the data transmission process. When the UE has no data to broadcast, it would transmit synchronization signal, but less frequently. This is necessary as seen from the results shown in Appendix, enabling multiple D2D UEs to transmit PD2DSS can effectively reduce the chance of coverage hole of PD2DSS.
Alternatively, a timer may be introduced so that the UE can start D2DSS transmission some time before D2D communication starts, and terminate D2DSS transmission some time after D2D communication ends. This would ensure that: 1) at any time there is at least one UE in the group maintaining the synchronization; 2) to avoid too many UEs in the group transmitting D2DSS. 
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Fig.1 Synchronization procedure
Proposal 1：A D2D UE which has data to broadcast would transmit D2DSS and/or PD2DSCH before it transmits data. When a D2D UE has no data to broadcast, it would transmit it D2DSS less frequently.
In distributed synchronization, each UE can derive its timing from another synchronization source and can transmit PD2DSS according to the derived timing. The results shown in Appendix, after one-hop or two-hops, the propagation induced timing offset is mostly within a cyclic prefix. In another word, the PD2DSS detector would not see multiple peaks of correlation. The timing reference would not diverge during this process. That is: a few UEs transmit PD2DSS whose timing reference offset is within CP. Other UEs detect those PD2DSS, adjust their local timing. When some of them want to broadcast D2D data, they transmit PD2DSS. These PD2DSS may not perfectly aligned, but the timing difference is likely to be within CP. Other UEs then adjust their local timing based on the timing reference further relayed. The “clock” of the group may drift little by little as the timing reference is being relayed over and over again, but it should be bounded.
3 Synchronization Signals Design
In this section we discuss the detail design of the synchronization signals between D2D UEs, especially for out of coverage scenario.
3.1 D2DSS design
In LTE, PSS/SSS is always located in the middle 6 RBs of a band. During the detection of PSS/SSS, the UE may receive several PSS/SSS from different eNB. As the number of eNB seen by a UE is generally not large, different sequences are applied to PSS/SSS to keep good orthogonal property. Therefore in synchronous networks, very low interference is expected between PSS/SSS from different eNB.
For D2D communication, however, potentially many UEs may transmit D2DSS in the same subframe. If D2DSS from different D2D UEs are transmitted in the middle 6 RBs, the interference among different D2DSSs would be severe.
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Fig.2. Resource allocation of D2DSS
For example, in Fig.2, there are 3 synchronization resources in a subframe, located in the middle M RBs, and the up and low edge of the D2D transmission bandwidth, i.e. RB0~RB(M-1) and RB(N-M)~RB(N-1), respectively. M stands for the number of RBs carrying D2DSS; N stands for D2D transmission bandwidth. The relative position between PD2DSS and SD2DSS may be RB index dependent and preconfigured. As shown in Fig.2, the D2D receiver would first perform the full band scanning for PD2DSS, and then detect SD2DSS based on PD2DSS. If the D2D receiver detects SD2DSS on the forward SC-FDMA symbol of PD2DSS, it means that D2DSS is located in the middle M RBs. If the D2D receiver detects SD2DSS on the backward 2 SC-FDMA symbol of PD2DSS, it means that D2DSS occupies RB0~RB(M-1). The D2D receiver can simultaneously monitor several D2DSSs or one of them.
Proposal 2：Several synchronization resources should be reserved in the D2D transmission bandwidth, and the relative position between PD2DSS and SD2DSS can be frequency location dependent. 
In Rel-8, PSS/SSS sequence is based on OFDMA, in which, PSS uses a strong correlation of length of 63 ZC sequences, after puncturing the DC subcarrier, the sequence length of PSS is 62, mapped to 62 REs, as shown in Fig.3. If Rel-8 PSS format is used, a D2D UE can reuse the synchronization implementation for cellular UE and minimize the re-development cost. 
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Fig.3 PSS sequence generating method in LTE
However, D2D communication is based on SC-FMDA, and the uplink carrier in LTE does not have DC subcarrier. If D2D UE still punches DC subcarrier when transmitting PD2DSS, the single carrier property would be violated. So we propose no puncturing of RE when PD2DSS sequence is mapped to REs. In Fig.4, the sequence 
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 is used for PD2DSS, in which 
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Fig.4 PD2DSS sequence generation, an example
Proposal 3：When PD2DSS sequence is mapped to REs, no puncturing of RE. 
In the working assumption, “PD2DSS is a ZC sequence, Length FFS”. In LTE, both DMRS used for PUSCH detection and SRS used for detecting channel are used ZC sequences. Furthermore, D2DSS is transmitted on UL spectrum, so certain interference may exist between D2DSS and DMRS/SRS. For example, UE1 transmits a D2DSS sequence with the length of N in frequency position 1; UE2 transmits a DMRS/SRS sequence with the length of M in frequency position 2. When frequency position 1 and frequency position 2 overlap, the interference between DMRS/SRS and D2DSS would be serious, thus reducing the time/frequency synchronization accuracy and lowering channel estimation quality. So we suggest that the correlation between D2DSS and LTE DMRS/SRS sequence should be as low as possible. In addition to TDD system, D2DSS may interfere with PSS from eNB, so we suggest that the correlation between D2DSS and LTE PSS should be kept as low as possible.
Proposal 4：The correlation between D2DSS and LTE DMRS, SRS and PSS should be kept as low as possible.
3.2 PD2DSCH design
In RAN1 #74bis meeting, working assumptions of synchronization channel are as follows: 

· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel

· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data
· others FFS

As seen from the above working assumption, PD2DSCH resembles PBCH in LTE. As D2DSS is sequence based, it can carry only very small amount of broadcast information, so PD2DSCH can be used for carrying relatively large broadcast information about D2D transmission.
The D2D receiver would first detect D2DSS for time and frequency synchronization, and then it would decode PD2DSCH. In the case that several synchronization resources are configured in the total D2D transmission band, the resource allocation of PD2DSCH is a very important question to be resolved.
A simple scheme is transmitting multiplexing PD2DSCH and D2DSS in the same subframe, and one D2DSS is corresponding to one PD2DSCH which frequency position is the same as D2DSS. As shown in Fig.5, three synchronization resources are configured in the total D2D transmission band, which are located in the middle M RBs and the two edge M RBs of the band respectively. Each synchronization resource is composed by D2DSS and PD2DSCH, and the frequency position of the PD2DSCH is the same as D2DSS, and the time domain position of the PD2DSCH is semi-configured by network. In Fig.5, the number of symbol of the PD2DSCH is 4, and PD2DSCH can be put after or before the symbols occupied by D2DSS. DMRS can be used for PD2DSCH demodulation.
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Figure 5. Resource allocation of PD2DSCH (scheme 1)
Considering UE’s power consumption, the periodicity of PD2DSCH should be much longer than the periodicity of D2DSS; the value is FFS, as shown in Fig.6.
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Fig.6. the periodicity of D2DSS and PD2DSCH
Alternatively, the frequency position of PD2DSCH can be implicitly indicated by D2DSS. As illustrated in Fig.7, one D2DSS is located in the middle M RBs of D2D transmission band, which can be mapped to several PD2DSCH. Since D2DSS is sequence based, the RB indices occupied by PD2DSCH can be indicated by the different D2DSS sequences. For example, PD2DSS can use three different sequences which can indicate the number of RB occupied by PD2DSCH; SD2DSS can use 168 different sequences which can indicate the start point of the RB indices occupied by PD2DSCH. In addition, the time domain position of the PD2DSCH is semi-configured by network. So after receiving D2DSS, the D2D receiver would know where to look for PD2DSCH.
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Fig.7. Resource allocation of PD2DSCH (scheme 2)
Proposal 5：The frequency position of PD2DSCH is the same as D2DSS or it is implicitly indicated by D2DSS. The time domain position of the PD2DSCH is semi-configured by network. 
4 Conclusion
Our suggestions are as follows:
Proposal 1：A D2D UE which has data to broadcast would transmit D2DSS and/or PD2DSCH before it transmits data. When a D2D UE has no data to broadcast, it would transmit it D2DSS less frequently.
Proposal 2：Several synchronization resources should be reserved in the D2D transmission bandwidth, and the relative position between PD2DSS and SD2DSS can be frequency location dependent. 
Proposal 3：When PD2DSS sequence is mapped to REs, no puncturing of RE. 
Proposal 4：The correlation between D2DSS and LTE DMRS, SRS and PSS should be kept as low as possible.
Proposal 5：The frequency position of PD2DSCH is the same as D2DSS or it is implicitly indicated by D2DSS. The time domain position of the PD2DSCH is semi-configured by network. 
Appendix
A.1 Simulation assumptions:
Table A1: simulation assumptions
	Parameter
	Assumption/Value

	Network layout
	Option 5 Uniform，Indoor Hotspot Drop，Outdoor Hotspot Drop

	Transmit Power
	23dBm

	Carrier frequency
	700M Hz

	Bandwidth
	10 MHz 

	Numbers Of cells
	19x3 cells

	Path loss model
	Reference to TR 36.843 v0.2.0

	Shadow model
	Reference to TR 36.843 v0.2.0

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	In-band emission
	W,X,Y,Z = {3,6,3,3}


A.2 Simulation results
Table A2: Average numbers of synchronization sources seen by UE for single hop timing
	
	Uniform Drop
	Hotspot Drop
	Indoor/Outdoor Mix

	Average number of independent synchronization sources 
	59.7
	56.6
	290.5

	Average amount of one hop timings seen by UE
	3.1663
	2.9945
	1.4930


Uniform Drop
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Fig.A1 CDFs of synchronization sources seen by UE for uniform drop scenario
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Fig.A2 CDFs of delay between relayed D2DSS and initial D2DSS for uniform drop scenario
Outdoor Hotspot Drop
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Fig.A3 CDFs of synchronization sources seen by UE for outdoor hotspot drop scenario
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Fig.A4 CDFs of delay between relayed D2DSS and initial D2DSS for outdoor hotspot drop scenario

Indoor Hotspot Drop
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Fig.A5 CDFs of synchronization sources seen by UE for indoor hotspot drop scenario
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Fig.A6 CDFs of delay between relayed D2DSS and initial D2DSS for indoor hotspot drop scenario
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