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1
Introduction
The study report on radio aspects for D2D proximity services is provided in [1]. In particular, it includes the following working assumptions on signal design for D2D synchronization:
A D2D Synchronization Source transmits at least a D2D synchronization signal (D2DSS).

· The transmitted D2DSS may be used by a UE to obtain time and frequency synchronization. 

· The D2DSS transmitted by a D2D Synchronization Source which is an eNodeB shall be the Rel-8 PSS/SSS. 
· The structure of D2DSS transmitted by D2D Synchronization Sources other than the eNodeB is defined in Section 7.1.
· Working assumption: A synchronization source has a physical layer identity known as PSSID.
Working Assumption:

Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D 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 D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are described in Section 7.2.2.

· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS
Working Assumption:

If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are
· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.
· FFS whether to define the measurement for received D2DSS quality.
· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D Synchronization Source selection criterion.

· FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.
In RAN1 #76bis, the following working assumptions and conclusion were made, regarding resource allocation for D2D synchronization.

Working assumption:
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms
FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios
Agreement:

· For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)
· Which synchronization resource is used for transmission is FFS
· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on. 
· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on “FFS on timing offset between transmit and receive resources” and on “FFS on possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on.”, and some aspects for in-coverage UEs.
2   Design Aspects for D2D Synchronization
Time synchronization schemes discussed in RAN1 can be categorized into intra-cluster, flat and inter-cluster synchronization, among which inter-cluster synchronization scheme is feasible for D2D broadcast communication [2]. In this section, we investigate how to allocate resources for D2DSS as well as PD2DSCH to synchronization source UE, and applicability to different synchronization schemes. For the simplicity of exposition, we first define required terms as the following:
Terminology for this contribution
· Synchronization Resource Unit (SRU): a set of synchronization resources to transmit D2DSS(s) and PD2DSCH by a UE

· I-SS (Independent Synchronization Source): the eNB or the D2D UE transmitting D2DSS as synchronization source with its own time reference
· D-SS (Dependent Synchronization Source): the D2D UE transmitting D2DSS as synchronization source with time reference derived from I-SS
· SSUE (Synchronization Source UE): the D2D UE transmitting D2DSS as I-SS or D-SS
· SH (Synchronization Head): the SSUE providing time reference to UEs within a cluster
· V-SS (Volunteering SSUE): the SSUE providing time reference to SHs and not providing time reference to D2DUEs not SSUE.

· OOC-UE_cat1 (Out-of-network Coverage UE Category 1): the out-of-network coverage UE which derives timing from eNB indirectly.
· OOC-UE_cat2 (Out-of-network Coverage UE Category 2): the out-of-network coverage UE which derives timing not from eNB but from I-SSUE or by itself.
2.1
Considerations on resource structures for D2D synchronization
There are several design aspects for D2D synchronization resource structure. They include the size of synchronization resource, the number of synchronization resources, how to indicate timing reference, or etc. 
Based on the working assumption from RAN1 #76bis meeting, a synchronization source transmits D2DSS with the period which is not smaller than 40 ms. If there is just one SRUto transmit D2DSS in the synchronization period, a collision may happen when multiple synchronization sources transmit D2DSSs. To avoid the collision, multiple synchronization resource units (SRUs) are required and they should be allocated in a TDM manner. (It should be noted that central 6 RBs are used for D2DSS transmission, so FDM is not allowed.)
Various synchronization resource structures are described from figure 1 to 4. They differ from the perspective of resource mapping rule to the type of synchronization source. The type of synchronization source may represent to distinguish eNB/SSUE, UEs with different number of hops, SH/V-SS, or etc. Basically, there is a tradeoff between the number of resources and collision rate. In addition, there is another tradeoff between degree of freedom on resource allocation and signaling overheads.

Figure 1 describes the 1st case structure without any resource mapping rule to specific synchronization source type. In this case, any synchronization source can select a SRU among the number of units without dependency to the type of synchronization source. Resource selection criteria may be random or based on sensing. Time offset or SRU index are indicated for receiving UEs to know the timing reference to align the frame boundary. 
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Figure 1: Synchronization Resource Structure (Case 1)
Figure 2 describes the 2nd case structure with a resource mapping rule to the hop number of synchronization source. Collision rate goes higher than the 1st case because multiple synchronization source UEs with the same hop number may transmit at the same SRU. SFN (Single Frequency Network) transmission with the same signal or sensing followed by back-off transmission may be considered to avoid collision. Synchronization source UEs cannot see other synchronization source UEs with the same hop number due to half duplex constraint, so their timing references are dependent to synchronization source UEs with the lower hop number. There is no additional information to indicate time offset or SRU index.
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Figure 2: Synchronization Resource Structure (Case 2)
Figure 3 describes the 3rd case structure with a resource mapping rule to SH (synchronization head) in a cluster and V-SS to support inter-cluster synchronization [2]. Collision rate goes higher than the 1st and the 2nd case because multiple synchronization source UEs with the same type may transmit at the same time. However, the impact from collision is not much significant when SH has a certain distance to other SHs by virtue of initial selection procedure. Periodic reselection can reduce interferences from SHs under certain level subject to UE mobility. V-SS is affordable as well since it can follow the same policy to SH. Synchronization source UEs cannot see other synchronization source UEs with the same type due to half duplex constraint, so they are dependent to synchronization source UEs with another type. There is less size of required information to indicate time offset or SRU index than one from 1st case.
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Figure 3: Synchronization Resource Structure (Case 3)
Figure 4 describes the 4th case structure with a type-based SRU mapping rule. Synchronization source UEs except the 1st type can select a SRU among the number of SRUs except 1st SRU for the 1st type synchronization source. Collision rate is moderate because the 1st type synchronization source has a certain distance to each other and other synchronization sources select a resource among multiple. Resource selection criteria except the 1st type synchronization source may be random or based on sensing. Time offset or SRU index are indicated for receiving UEs to know the timing reference to align the frame boundary. The 1st type synchronization source cannot see other 1st type synchronization sources due to half duplex constraint, so they are dependent to other synchronization sources. Case 4 is beneficial compared to case 2 from the performance perspective because synchronization sources can see other synchronization sources without dependency of hop count.
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Figure 4: Synchronization Resource Structure (Case 4)
	Cases
	# of Resources
	Collision Rate
	# of Source Types
	Signaling Overheads
	Preferred schemes
	Preferred Scenario

	Case 1
	Large
	Low
	1
	High
	Flat
	Out-of-coverage

	Case 2
	Mid
	Mid
	Max Hop
	Mid
	Hierarchical
	In-coverage

Out-of-coverage

	Case 3
	Small
	High
	2
	Low
	Inter-cluster
	Out-of-coverage

	Case 4
	Mid
	Mid
	2
	Mid
	Hierarchical, 
Inter-cluster
	In-coverage

Out-of-coverage


Observation 1: Case 3 and case 4 synchronization resource structures are preferred from the number of synchronization resources and signaling overheads perspectives.
Proposal 1: Synchronization Resource Unit (SRU) structure and mapping rule should be designed to reduce the number of synchronization resources, the impact from resource collision, and signaling overheads used to indicate location of SRU.
Design consideration on discovery and communication

In RAN1 #77, it was agreed that, for Type 1 discovery, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals. There is no additional signaling for type 1 discovery except resource pool via SIB for D2DSS transmission, so decision for D2DSS transmission is up to UEs. The purpose of D2DSS allocated at the first sub-frame of transmission pool is to provide timing to UEs in neighboring cells. In this sense, SRUs to transmit the D2DSS for type 1 discovery do not need to be TDMed in a cell. Meanwhile, SRUs to transmit D2DSS for OOC-UE_cat1 to support D2D communication are nice to have TDM structure from the perspectives of half-duplex problem and interference reduction. Case 2 and Case 4 are preferred since it meets the structural requirements which are SRU for SFN transmission in network coverage and SRUs for TDM transmission in out-of-network coverage.
Observation 2: Case 2 and case 4 synchronization resource structures are preferred to meet design requirements both in-network coverage and out-of-network coverage.
Proposal 2: Synchronization resource units for discovery and communication should be separated to avoid confusion when eNB configures to operate both discovery and communication in a cell.
Design consideration to support robust synchronization
The stability of synchronization source UE is important for dynamic system such as D2D communication. In-network coverage UE may move out to out-of-coverage and vice versa. The sudden cessation of D2DSS transmission may happen when SSUE in network coverage cannot detect PSS/SSS and triggers scanning for other SSUEs. Or SSUE which UEs depends on may move out of the D2DSS range. Case 2 may be weak to these situations because a UE depends only on D2DSS and PD2DSCH with lower hop count. If dependent SSUE is single at a local area, the sudden absence of the SSUE is critical to associated UEs. SFN transmission may mitigate the probability of sudden absence for the sake of increased interferences. Alternatively, multiple TDMed SRUs can be robust as well by providing redundant timing sources. Case 1 has a benefit in redundancy and interference point of view, because any UE can derive timing from multiple SSUEs and a SSUE can know the presence of neighboring SSUEs by sensing on SRUs not occupied by the SSUE. According to the motivation of case 1, SRUs other than for in-coverage UEs can be allocated based on sensing. A UE which is triggered to become SSUE can sense unoccupied SRUs and select one of them. The SSUE can depend its timing on multiple SSUEs at SRUs not selected. Definitely, UEs not SSUE can derive timing from multiple SSUEs for robust synchronization.
Proposal 3: From observation 1 and 2, the synchronization structure comprising SFN resource unit for in-network coverage and TDM resource units for out-of-network coverage should be considered as common structure for both in-network and out-of-network coverage.
3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: Case 3 and case 4 synchronization resource structures are preferred from the number of synchronization resources and signaling overheads perspectives.
Observation 2: Case 2 and case 4 synchronization resource structures are preferred to meet design requirements both in-network coverage and out-of-network coverage.
Proposal 1: Synchronization Resource Unit (SRU) structure and mapping rule should be designed to reduce the number of synchronization resources, the impact from resource collision, and signaling overheads used to indicate location of SRU.
Proposal 2: Synchronization resource units for discovery and communication should be separated to avoid confusion when eNB configures to operate both discovery and communication in a cell.
Proposal 3: From observation 1 and 2, the synchronization structure comprising SFN resource unit for in-network coverage and TDM resource units for out-of-network coverage should be considered as common structure for both in-network and out-of-network coverage.
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