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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

In RAN1 #76bis, the following working assumptions and conclusion were made, regarding resource allocation for D2D synchronization.
Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

In RAN1 #78bis, the following agreements were made, regarding PD2DSCH contents and D2D synchronization resources structure.
Agreement:

· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

· In coverage UEs participating only in discovery do not transmit PD2DSCH

· PD2DSCH periodicity is same as D2DSS periodicity 

· PD2DSCH at least contains:

· DFN (already agreed for out of coverage)

· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 

· DFN is represented by 14 bits, comprised of SFN + offset indication

Agreement:

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource

· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0

This contribution discusses some of the FFS aspects in the above agreements and working assumptions, particularly, on “Details of under what circumstances a UE transmits D2DSS are FFS.”, on “other criteria under which a UE may become a D2D synchronization source”, and on “any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source.”
2   Synchronization Procedure for Out-of-Network Coverage Scenario
Since only two synchronization resources are allocated for out-of-coverage UEs, hierarchical synchronization schemes with more than 2 hops is difficult to incorporate into current synchronization resource structure. In this paper, several flat schemes identified from RAN1 discussion are investigated and analyzed their pros and cons.

Terminology for this contribution
· 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
· OOC-UE_C1 (Out-of-network Coverage UE Category 1): the out-of-network coverage UE which derives timing from eNB indirectly.
· OOC-UE_C2 (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
Basic procedure of flat synchronization scheme
In last RAN1#78 bis meeting, various selection criteria for flat scheme were collected in [2] as follows:

a)  Age of timing reference
b)  D2D frame number (DFN)
c)  Synchronization source ID (PSSID)
d)  Priority value 
e)  Absolute timing (e.g. GPS/UTC)
f)  Received signal strength (baseline)
I assume that received signal strength is cooperated with other criteria. 
Criteria from a) to d) has the same property to achieve common timing. There is no limitation to propagate the criterion while hierarchical scheme has maximum hop count. Selection of D2DSS is based on these criteria and a certain condition such as choosing higher value. Therefore the synchronization performance is higher when the criterion is more differentiable. a) and b) are time transient values, while c) is a static value. d) is a changeable value.
Age of timing reference [4]
The age-based flat scheme shows impressive performance on timing and frequency synchronization. The sub-frame index can deliver the notion of age of timing reference. A UE can measure a sub-frame index from difference between the timing of the frame boundary and timing of detected D2DSS. However this approach needs to allocate all D2DSS in a sub-frame to measure a sub-frame index. If a D2DSS is located in different sub-frame, index to distinguish the located sub-frame should be conveyed in PD2DSCH. In addition, a sub-frame index provides just 10 differentiable values which would not be enough due to turn-around of index for high density and high mobility scenario.
Observation 1: Age-based flat scheme shows good performance subject to vulnerability to high density and high mobility situations.
D2D frame number (DFN) [5]

DFN-based flat scheme is similar with age-based scheme in principle. DFN has large differentiable values, [8 to 14] bits, because total 14 bits are agreed for DFN field and at least 8 bits can be used if offset indicator (6 bits) be subtracted. Furthermore, DFN is already an agreed content in PD2DSCH so we can reuse the number for synchronization purpose. In addition, DFN-based flat scheme is well aligned with periodic scanning when the timing of scanning is pre-configured w.r.t DFN. In other words, DFN synchronization results in synchronization of scanning timing. This scheme requires decoding of PD2DSCH for selection, so decoding performance is an important factor.
Observation 2: DFN-based flat scheme shows better performance without any additional signaling in PD2DSCH. BTW, more robust PD2DSCH signaling is needed.

Synchronization Source ID (PSSID) [4][6]
PSSID is an identification of timing reference which can be delivered in D2DSS. Since current PSS/SSS can represent 3x168 PCIDs reaching nearly 9 bits information, synchronization performance would be comparable in static situation. However PSSID-based flat scheme cannot be adaptive to dynamic situation, because only one SSUE is ever the source of all other UEs in a certain area. Also frequency error propagation is severe like hierarchical schemes. A UE can compensate frequency error from different sources when a SSUE having highest priority should be changed periodically.
Observation 3: PSSID-based flat scheme shows better performance without any additional signaling in PD2DSCH, subject to vulnerability to network dynamics and frequency error propagation.
Priority value [6]
Priority value is a general term, but is a value generated by SSUE in this paper. The property is similar with PSSID-based scheme, but the priority value can be changed by SSUE. However the priority value should be contained in PD2DSCH additionally.
Observation 4: Priority-based flat scheme shows better performance and flexibility with additional signaling in PD2DSCH.
Absolute timing (e.g. GPS/UTC) [7]
Absolute timing can provides the best performance when assuming all UE equipped with GPS. However GPS is not always available, for example when a UE is located in indoors. Power consumption is a realistic problem when using GPS as well. Also, additional signaling is required to indicate usage of absolute timing in PD2DSCH, in the mixed scenario comprising GPS-equipped UEs and non GPS-equipped UEs.
Observation 5: GPS-based flat scheme shows the best performance with additional signaling in PD2DSCH but is not much flexible from the implementation and integration perspectives.
Received signal strength (baseline)
Receives signal strength is a baseline criterion for selection of synchronization source. However it does not provide convergence of network-wise timing and results in many fragmented synchronized groups. Furthermore fluctuation of signal strength would cause the network instability.
Observation 6: Received signal strength-based flat scheme is a baseline approach with poor performance. It can be combined with other criteria for better performance, because of no additional cost for signaling.
Based on these observations 1 to 6, we propose the following:
Proposal 1: D2D frame number and received signal strength should be selection/reselection criteria for flat synchronization scheme. 
2.2
Synchronization resource mapping
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Figure 1. Example of synchronization resource structure for out-of-coverage UEs
Various resource mapping rules can be considered under current agreement of using 2 synchronization resources as shown in Figure 1. SRU#1 and SRU#2 are TDMed synchronization resources for out-of-coverage UES. A SRU comprises D2DSS and PD2DSCH. The simplest way is to select randomly, but it does not consider the operational perspective even though interference may be mitigated by simple manner.
Conditions for out-coverage UEs are proposed in the companion document [3]. The conditions are in line with conditions for in-coverage UEs that a UE having SA/data transmits D2DSS/PD2DSCH. If we adopt the same principle for out-of-coverage UEs, a UE having SA/data becomes I-SS triggered by received signal strength condition. The UE having SA/data and becoming I-SS use SRU#1 for D2DSS/PD2DSCH transmission. In the mean time, SRU#2 is not used until another UE becomes SSUE. A UE not having SA/data can become D-SS to take a role of mediator to propagate timing reference to neighbouring I-SSs. Two benefits can be obtained from this formation. At first, half-duplex problem within neighbouring SSUEs can be managed consistently. Actually sequential TDM resource selection in terms of synchronization resource index can handle half-duplex problem as well. However I-SS and D-SS may be overlapped in a synchronization resource when two separated I-SSs choose odd and even index and D-SS choose even index. If SRU#1 for I-SS and SRU#2 for D-SS are preconfigured, a UE can receive SA/data after detecting a D2DSS sent in SRU#1. Other D2DSSs sent in SRU#2 can be filtered out to receive following SA/data transmission. If SSUE having SA/data and SSUE not having SA/data are overlapped in the same SRU, receiving UE has an ambiguity to select an appropriate timing reference and inefficient reception behaviour to decode SA/data resource pool from UEs not to transmit signals.
Observation 7: I-SS/D-SS based resource mapping is beneficial in terms of half-duplex problem, UE receiver complexity, and range mismatch perspectives.
Proposal 2: A UE having SA/data transmits D2DSS/PD2DSCH in SRU#1 if condition to become I-SS is met. Another UE not having SA/data transmits D2DSS/PD2DSCH in SRU#2 if condition to become D-SS is met.
2.3
Design aspects for stable synchronization procedure
Even though age-based, PCO-based or multi-hop synchronization schemes are preferred for out-of-coverage UEs, the synchronized UEs may be disturbed when a new UE joins suddenly. Therefore it is reasonable to let existing SSUEs do not care of new UE and to make the new UE select one of existing SSUE rather than operating with its own timing. This logic can be adopted for the case when two synchronized groups encounter [5]. Rather than reselection procedure by all UEs in two groups, it will be helpful from the protocol complexity perspective, to make only members in one group perform reselection and members in another group keep their operation. Moreover sustaining a selected SSUE for a while may be grateful to flat synchronization schemes by reducing uncertainty and providing stability. Therefore the following operation is preferred for out-of-network coverage UEs:
a)  Selection of SSUE based on scanning result

b)  Keeping the role of SSUE until next scanning period

c)  Reselection of SSUE based on scanning result
Proposal 3: A SSUE for out-of-network coverage should keep D2DSS transmission until next scanning timing from the stability perspective.
3   Conclusion
Based on the discussion and identified observations in this contribution, we propose followings:
Observation 1: Age-based flat scheme shows good performance subject to vulnerability to high density and high mobility situations.

Observation 2: DFN-based flat scheme shows better performance without any additional signaling in PD2DSCH. BTW, more robust PD2DSCH signaling is needed.

Observation 3: PSSID-based flat scheme shows better performance without any additional signaling in PD2DSCH, subject to vulnerability to network dynamics and frequency error propagation.
Observation 4: Priority-based flat scheme shows better performance and flexibility with additional signaling in PD2DSCH.
Observation 5: GPS-based flat scheme shows the best performance with additional signaling in PD2DSCH but is not much flexible from the implementation and integration perspectives.
Observation 6: Received signal strength-based flat scheme is a baseline approach with poor performance. It can be combined with other criteria for better performance, because of no additional cost for signaling.

Observation 7: I-SS/D-SS based resource mapping is beneficial in terms of half-duplex problem, UE receiver complexity, and range mismatch perspectives.
Proposal 1: D2D frame number and received signal strength should be selection/reselection criteria for flat synchronization scheme.
Proposal 2: A UE having SA/data transmits D2DSS/PD2DSCH in SRU#1 if condition to become I-SS is met. Another UE not having SA/data transmits D2DSS/PD2DSCH in SRU#2 if condition to become D-SS is met.
Proposal 3: A SSUE for out-of-network coverage should keep D2DSS transmission until next scanning timing from the stability perspective.
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