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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.
Agreement:
· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources

Observation:

· FFS on the reselection details including

· When a UE changes its reference synchronization source
· How a UE is provided with time to scan any change on the synchronization sources
· This includes the case where a UE re-evaluates whether to become or remain an independent synchronization source
· Synchronization signal quality
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 
· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm
· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· Set of other possible values of X is FFS

· 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

This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on “FFS on the reselection details”, 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
Time synchronization schemes for out-of-coverage UEs 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][3]. In this section, we revisit 3 schemes with several selection criteria and condition. In addition, details about reselection utilizing TTS (Time to Scan) indicated by SSUE. For the simplicity of exposition, we first define required terms as the following:
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
· 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
Basic procedure of flat synchronization scheme
RAN1 agreed the condition for a UE to become a Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm. For flat synchronization scheme, the value X should be infinite to allow all UEs becoming SSUE. To support flat synchronization scheme, we assume sufficient synchronization resources are assigned. A UE selects the unused synchronization resource for transmission. The UE transmits D2DSS/PD2DSCH at the selected resource and receives D2DSSs/PD2DSCHs from other UEs. We investigate 3 methods to select transmission timing reference from multiple SSUEs.
Age-I

In last RAN1 #76bis, age-based flat synchronization scheme is introduced [6]. The age of timing reference means the elapsed time after becoming a SSUE. Practically it can be a time index such as subframe index, or system frame number. A UE selects the oldest SSUE among SSUEs seen in a synchronization period, and derives transmission timing from the SSUE. The age-based scheme will show less tie cases if the size of age is sufficiently large. The age value is indicated via PD2DSCH.
Age-II

The age-II method is another version of age-based flat synchronization scheme. A UE derives transmission timing from a SSUE under a condition whether the received age is larger than its age or not. The UE can change the transmission timing whenever it receives D2DSS/PD2DSCH in a synchronization period. The age value is indicated via PD2DSCH.
S-PCO (Simplified Pulse Coupled Oscillator)
S-PCO is the simplified version of PCO. Original PCO was introduced in last RAN1 #76bis meeting [7]. S-PCO does not depend on any selection criteria indicated explicitly. It depends on the internal oscillator and the phase value of the oscillator to derive its timing to the received D2DSS. For example, several parameters to be used for deriving timing reference are defined as following:
· 
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The condition to derive timing: 
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The condition not to derive timing: 
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Observation 1: Design aspects for flat synchronization scheme are synchronization performance, selection criteria, the length of information, and convergence time.
2.2 Basic procedure of hierarchical synchronization scheme

RAN1 agreed the condition for a UE to become a Synchronization Source if received signal strength of all received D2DSS(s) by the UE is below X dBm. For hierarchical synchronization scheme or multi-hop synchronization, the value X should be finite to allow some UEs becoming SSUE. To support hierarchical synchronization scheme, we assume synchronization resources per synchronization source level (or hop) are assigned. A UE selects the synchronization resource according to its level for transmission. The UE transmits D2DSS/PD2DSCH at the selected resource and receives D2DSSs/PD2DSCHs from higher level SSUE. Selection criteria based on lower hop number (Multi-hop-I) is difficult to make a large synchronization area. Cluster ID can be considered for an alternative criteria (Multi-hop-II). For example, a UE receiving multiple D2DSSs from SSUEs can select D2DSS indicating the highest cluster ID and check the hop number indicated via the linked PD2DSCH. If the hop number is below the max hop number, the UE relays the timing of the selected D2DSS. Otherwise the UE selects D2DSS indicating the next higher cluster ID and not limited by the maximum hop number. UEs between two different synchronized areas are not synchronized, so reselection procedure to give fairness to become SSUE should be considered.
Observation 2: Design aspects for hierarchical synchronization scheme are synchronization performance, and selection criteria.
2.3
Basic procedure of inter-cluster synchronization scheme
Inter-cluster synchronization scheme is categorized more into flat inter-cluster synchronization scheme and hierarchical inter-cluster synchronization scheme. Inter-cluster synchronization is regarded as flat inter-cluster synchronization, because hierarchical inter-cluster synchronization scheme is essentially the same as multi-hop synchronization which was described in sub-clause 2.3.

RAN1 agreed the condition for a UE to become a Synchronization Source if received signal strength of all received D2DSS(s) by the UE is below X dBm. For inter-cluster synchronization scheme, the value X should be finite to allow some UEs becoming SSUE. In detail, a UE1 becomes a SH (Synchronization Head) if received signal strength of all received D2DSS(s) transmitted from other SHs is below X dBm. And, another UE2 becomes a V-SS if received signal strength of all received D2DSS(s) transmitted from other V-SSs is below Y dBm. To support inter-cluster synchronization scheme, we assume synchronization resources per synchronization source type (SH, V-SS) are assigned. A UE selects the synchronization resource according to its type for transmission. The UE transmits D2DSS/PD2DSCH at the selected resource and receives D2DSSs/PD2DSCHs from different type of SSUE. Methods to select transmission timing reference from multiple SSUEs are the same ones as flat synchronization. The method is applied only between SH and V-SS. Meanwhile required number of synchronization resource for inter-cluster synchronization scheme is smaller than flat schemes [3].
Observation 3: Design aspects for inter-cluster synchronization scheme are synchronization performance, the condition to become synchronization source, selection criteria, the length of information and convergence time.
2.3
Comparison of different synchronization schemes
We evaluate different synchronization schemes [Appendix A.] and summarize features as the following table.
	Scheme
	Performance
	Criteria
	Condition
	Information Length
	Convergence

	Age-I
	Best
	Age
	Oldest
	8 to 16 bits
	Slow

	Age-II
	Good
	Age
	Older
	8 to 16 bits
	Fast

	PCO
	Best
	Internal clock
	[7]
	0 bits
	Very Fast

	S-PCO
	Good
	Internal clock
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	0 bits
	Slow

	Multi-hop-I
	Poor
	Hop number
	Lower hop
	2 bits
	X

	Multi-hop-II
	Best
	Cluster ID
	Highest cluster ID
	6 to 8 bits
	X


Table 1: Comparison of different synchronization schemes
 Proposal 1: Age-based synchronization scheme is preferred for out-of-coverage UEs if the length of age up to 8 or 16 bits is affordable to be indicated in PD2DSCH.

Proposal 2: PCO-based synchronization scheme is preferred for out-of-coverage UEs if the length of information to be indicated should be minimized.
2.5
Design aspects for stable synchronization procedure
Even though age-based or PCO-based 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 distributed synchronization schemes. 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 during interval between selection and reselection from the stability perspective.
3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: Design aspects for flat synchronization scheme are synchronization performance, selection criteria, the length of information, and convergence time.

Observation 2: Design aspects for hierarchical synchronization scheme are synchronization performance, and selection criteria.

Observation 3: Design aspects for inter-cluster synchronization scheme are synchronization performance, the condition to become synchronization source, selection criteria, the length of information and convergence time.
Proposal 1: Age-based synchronization scheme is preferred for out-of-coverage UEs if the length of age up to 8 or 16 bits is affordable to be indicated in PD2DSCH.

Proposal 2: PCO-based synchronization scheme is preferred for out-of-coverage UEs if the length of information to be indicated should be minimized.
Proposal 3: A SSUE for out-of-network coverage should keep D2DSS transmission during interval between selection and reselection from the stability perspective.
Appendix A. 
Simulation Results
Table 1 shows simulation parameters.
	Parameter
	Value

	Layout
	Option 5

	Carrier frequency
	700 MHz

	System bandwidth
	10 MHz

	Network operation
	0 % eNodeBs enabled

	UE RF parameters
	Max transmit power of 23 dBm
1 Tx, 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9 dB

	Number of UEs per sector
	32

	UE drop
	Uniform drop (All UEs are dropped outdoors)

	Minimum association RSRP for D2D communication
	-107 dBm

	Warming-up time
	0.8 sec (20 synchronization period)

	D2DSS period
	40 msec

	D2DSS bandwidth
	6 RBs (like PSS/SSS)


Table 2: Simulation parameters
Figure 1 is showing the CDF of time offset between a D2DUE and another D2DUE within 1 hop range.
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Figure 1: CDF of time offset between D2D UEs within 1 hop range
Figure 2 is showing the CDF of the number of unsynchronized D2D UE timings. Unsynchronized D2D UE is determined based on timing difference above the extended CP length (16.7 usec).
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Figure 2: CDF of the number of unsynchronized D2D UE timings
In figure 3 and 4, the length of age with 8 bits or 16 bits shows sufficient synchronization performance.
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(a)                                             (b)
Figure 3: The synchronization performance according to the length of age
(a) CDF of time offset between D2D UEs within 1 hop range
(b) CDF of the number of unsynchronized D2D UE timings
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