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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

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

In RAN1 #77, the following agreement, working assumptions and conclusion were made, regarding D2D synchronization signal and channel design, in consideration of the information carried and how to indicate it.
Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither
In RAN1 #77, the following proposal was discussed regarding selection and reselection in periodic scanning time.
Proposal:

· Selection and Reselection is performed in periodic scanning time.

· All UEs synchronized to the synchronization source scan possible unsynchronized D2DSSs during same scanning time.

· The UEs do not transmit D2D signals/channels other than their own D2DSS/PD2DSCH during the scanning time.

· The time duration for scanning is larger than a D2DSS period.

· The timing for scanning is informed in Time-to-Scan (TTS).

· TTS is indicated by Synchronization Source UE via PD2DSCH. 

· FFS TTS signaling details 

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:

· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

· 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 remaining FFS aspects in the above agreements and working assumptions, particularly, on “FFS on the synchronization source 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   D2D Synchronization Procedure
Network-wise time synchronization procedures for in/partial/out-of-network coverage have been discussed in RAN1. In-coverage UE derives timing directly from eNB via PSS/SSS. In partial coverage scenario, OOC-UEs derive timing indirectly from eNB via sync-relaying UEs. Out-of-coverage UEs derive their timing from independent synchronization source UE, not from any eNB or relaying UE. In this section, we investigate synchronization procedure for out-of-coverage UEs with eNB timing, and out-of-coverage UEs without eNB timing. 
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Figure 1: D2D synchronization scenarios
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 timing reference
· D-SS (Dependent Synchronization Source): the D2D UE transmitting D2DSS as synchronization source with timing derived from I-SS
· SSUE (Synchronization Source UE): the D2D UE transmitting D2DSS as I-SS or D-SS
· IC-UE (In network Coverage UE): the UE which derives its timing from eNB.
· OOC-UE_C1 (Out-Of-network Coverage UE Category 1): the out-of-network coverage UE deriving its timing from eNB indirectly.
· OOC-UE_C2 (Out-Of-network Coverage UE Category 2): the out-of-network coverage UE deriving its timing not from eNB but from I-SSUE or by itself.
2.1
Overall synchronization procedures
Selection and reselection procedure

From RAN1#76bis meeting to #78bis meeting, the followings on selection and reselection procedures were agreed:

· If a UE wants to acquire timing reference, the UE scans to measure synchronization signals from eNB or UE.
· The UE acquires timing reference according to the rule and conditions to select one synchronization signal from detected ones. If there is no timing reference to be selected, the UE becomes a synchronization source.
· The same prioritization rules should be applied for selection and reselection of the synchronization.
In this paper, reselection procedures and conditions to transmit or cease D2DSS transmission are focused to be in line with the main topic of periodic scanning.
Reduction of unsynchronized timing references
To reduce the number of unsynchronized timing references as discussed in [2], D2DSS transmission triggered by Tx intent was agreed for in-coverage UEs’ behavior. Details on remaining triggering conditions are investigated in the companion contribution [3]. The followings are some triggering conditions to reduce the number of unsynchronized timing references:
Tx intent-based D2DSS triggering condition

This condition lets a UE become a synchronization source only when the UE has intent for transmission. Definitely, the UE ceases D2DSS transmission and the role of a synchronization source after finishing SA/data to be transmitted.

Reactive D2DSS triggering condition
Reactive approach for D2DSS transmission is integrated well with Tx intent-based approach. Any UE with Tx intent is supposed to transmit D2DSS/PD2DSCH and neighboring UEs can be triggered reactively to detected D2DSS which is sent from the UE having SA/data.
Sync source density-based triggering condition

A UE may not transmit D2DSS when the number of detected synchronization sources is larger than a certain number.

Synchronization procedures for transmission and reception
Tx and Rx aspects for synchronization should be considered to support inter-D2D operation between asynchronous cells, between unsynchronized clusters or, between a cell and a cluster. The simulation results in [2] imply that a UE should monitor unsynchronized timing references for reception purpose while keeping its own Tx timing. Therefore both transmission and reception should be considered on designing synchronization procedures.

Based on the agreements on the synchronization procedure for in-coverage UEs, this contribution investigates technical issues on the synchronization procedure for out-of-coverage UEs. D2DSS scanning to support reliable synchronization for out-of-coverage UEs is also discussed with detailed procedures.
Synchronization for transmission

Synchronization for transmission (shortly Tx synchronization) is a UE operation to acquire timing for transmission of discovery, data communication as well as synchronization. 
For in-network coverage UEs

As shown in Figure 2, a UE checks whether it is time to scan or not. If so, it starts scanning to detect timing reference from eNB as eNB has the highest priority. If the UE detects a PSS/SSS from eNB, the UE derives the timing from a detected eNB which is selected based on received signal quality. The UE may become D-SS (Dependent Synchronization Source) whether eNB configures the UE to become synchronization source or the UE triggers to transmit D2DSS/PD2DSCH. A D-SS in network coverage UE may cease the role of synchronization source by eNB configuration or by conditions to stop D2DSS/PD2DSCH transmission. 
Details of triggering conditions to transmit D2DSS are described in the companion document [3].
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Figure 2: Overall synchronization procedure
For out-of-network coverage UEs category 1 
If a UE fails to detect PSS/SSS from eNB, the UE scans D2DSS/PD2DSCH to find timing reference from UE. If the UE detects a D2DSS/PD2DSCH, the UE derives the timing from a detected SSUE which may be selected based on synchronization source type, received signal, accurate timing indication, hop count, or etc. Triggering condition is based on signal quality measured from D2DSS/PD2DSCH from SSUE. The condition may be pre-configured or configured to only OOC-UE_c1 by eNB via PD2DSCH relaying.
Because the eNB cannot control directly out-of-coverage UEs and can just configure triggering conditions without the notion of current UE situation, D2DSS/PD2DSCH collision or battery consumption may not be managed properly. The eNB may indicate the scanning period to avoid interferences from unsynchronized SSUEs to help D2DSS/PD2DSCH reception and to support low energy operation. The purpose of scanning is to detect potential D2DSSue_oon from outside of the extended cell coverage.

Observation 1: It is preferred for out-of-coverage UEs deriving timing from eNB to perform periodic measurement or scanning from the efficiency and power consumption perspectives.
Proposal 1: For out-of-network coverage UEs, eNB configures scanning period via PD2DSCH to measure D2DSS in D2DSSue_oon and D2DSSue_net.
For out-of-network coverage UEs category 2 
If a UE fails to detect PSS/SSS from eNB and D2DSS from other UEs, the UE may become I-SS if a condition is met. Tx intent-based triggering condition can be beneficial for this case as well. On the other hands, another UE (which does not detect PSS/SSS) may detect at least a D2DSS from the I-SS and the UE derives the timing from a detected SSUE which may be selected based on synchronization source type, priority value, received signal quality, accurate timing indication, hop count, or etc.
Synchronization for reception

Since scanning is mainly related to Tx synchronization, details on this topic is described in appendix A. Key issue on Rx synchronization is about tracking and prioritizing a number of timing references for reception. If we assume that Rx synchronization is based on only received signal quality, more important Rx timing such as eNB timing may be lost.
Observation 2: A prioritization of Rx timing reference is beneficial not to lose essential synchronization sources such as eNB or a UE in coverage.
Silent and scanning period (SSP)
When a UE does not have eNB timing reference, the UE performs scanning to find synchronization source from other SSUEs.

Basic rules for selection/reselection are as follows:

a)  If no Synchronization Source is detected during scanning, a UE may nevertheless transmit D2DSS/PD2DSCH.
b)  If only one Synchronization Source is detected during scanning, a UE can transmit D2DSS/PD2DSCH with timing derived from the detected Synchronization Source with higher priority, if condition to become SSUE is met.

c)  If multiple Synchronization Sources with different timing reference are detected during scanning, a UE may transmit D2DSS/PD2DSCH. This condition can be interpreted to another condition that one or more Synchronization Sources with timing different from the own timing of the UE.
After initial selection, reselection procedure is required to compensate misaligned timing reference caused by UE mobility and network dynamics. For example, two groups not synchronized to each other may encounter and give interferences each other. The best way to manage the situation is always-on reselection under assumption of prioritization between two groups. However it is not efficient since it implies large listening overhead over available time resources. In addition, interference from neighboring unsynchronized UEs may result in ICI/ISI and intolerable detection errors for D2DSS reception. Furthermore UEs in the synchronized group may be fragmented when timing for scanning is left to each UE’s decision. Therefore periodic scanning is preferred from the efficiency and performance perspective. Furthermore restriction of signaling during the scanning will be helpful to avoid unexpected interferences and half-duplex problem. For this reason, we call the period as silent and scanning period (SSP) from now on.

Observation 3: Reselection of Synchronization Source during common scanning period is beneficial from protocol efficiency and interference management perspectives.
Proposal 2: Periodic scanning should be supported for out-of-coverage UEs to find SSUEs with different timing reference.

To suppress D2D signals during scanning, timing for scanning should be indicated to neighboring UEs. SSUE is a good candidate to take a role to transmit the scanning timing information. The granularity of the timing may be units of D2D frame (e.g. 10ms) typically when considering pedestrian mobility scenario. The timing for scanning which called as Time-to-Scan (TTS) may be indicated by residual time to SSP or absolute time of SSP via PD2DSCH. Additional content may not easily contained in PD2DSCH. Then DFN may be an alternative way to indicate TTS, since it was already agreed in PD2DSCH. 
Proposal 3: Synchronization Source UE should indicate its Time-to-Scan (TTS) value via PD2DSCH for out-of-coverage UEs. TTS can be explicitly signaled via PD2DSCH or implicitly by DFN.

For periodic scanning, it is the best to align SSP timing within synchronized UEs. It is easily achieved only for a UE and a SSUE by aligning SSP timing when the UE aligns symbol/frame timing reference. However SSP alignment is not guaranteed for many number of UEs deployed in a large area, depending the condition of D2DSS selection. Therefore TTS based D2DSS condition is reasonable manner to align timing for scanning. Details of how to align SSP timing and what is the duration of SSP are described in appendix B.
Meanwhile, under some situation, a UE may fail to align SSP timing or the UE does not align it. Interference from unsynchronized UEs should be managed even though their SSP are not aligned. Therefore it is nice to suppress transmission during SSP of neighbouring SSUE with different timings, even though the performance will be degraded from losing transmission opportunity.
Considerations on the configuration of SSP

To configure SSP, a UE should know the cycle and time duration of scanning. Since Tx timing reference is not changed until next scanning, the length of scanning cycle should be configured not too long to avoid impact from moving UEs. Time duration of scanning should not less than a synchronization period which was decided as 40 ms. And it is better to choose smaller one not to impact service quality due to the gap, for example delay sensitive traffic such as VoIP.
Proposal 4: Time duration of scanning is configured or pre-configured to one value from the set {40, 80} ms.

There is a tradeoff between time duration of scanning and synchronization performance. If we assume that time duration of scanning is 40 ms and the length of scanning cycle is 1 s, timing propagation within 1 hop range happens per 1 s. It means that synchronization proceeds very slow and 10 s is, for example, required to make UEs synchronized when assuming 10 cycles convergence time of a certain synchronization scheme.
Observation 5: Longer time is required until achieving allowable number of timing references as the length of scanning cycle is longer.
If latency-sensitive traffic such as VoIP should be supported well, faster convergence time by more frequent timing propagation is needed. Two ways to manage it can be considered. One is extending the duration of scanning, but not preferred from service continuity perspective. Another is indication of changed timing reference to neighboring UEs in the same synchronized group. Figure 3 shows an example based on the assumption that OOC-UE can configure offset of synchronization resource. UE2 scans for neighboring UE after failure to find eNB. UE2 detects UE1 and acquire symbol/frame/DFN timing and notes that UE1 has higher priority (e.g. in terms of DFN). Then UE2 indicate PD2DSCH with changed contents including new DFN and offset. Remaining UEs in the same synchronized group as UE2 receives PD2DSCH from UE2 in the existing synchronization resource. UE2 can change Tx timing reference after indication. Same operation can be propagated across all remaining UEs.
Proposal 5: The support of faster synchronization should be considered from the following options: i) extending the duration of scanning, ii) indication of changed timing reference.
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Figure 3: An example to indicate change of timing reference
To manage UE mobility and network dynamics, it is preferred to change parameters rather than to keep them. For example, two synchronized UEs having same SSUE parameters may be misaligned timing reference due to clock drift. In this scenario, randomization of SSUE parameters can be helpful to find unsynchronized SSUE. Also, under the same rationale, randomization of synchronization resource offset can be beneficial to mitigate interference and half-duplex problem. However, frequent change of these parameters may harmful in terms of system stability. We should compromise between stability and randomness. It is reasonable to align the period of scanning with parameter randomization, because existing SSUE may be changed after scanning and other UEs are prepared to new SSUE after scanning.
Observation 6: Periodic scanning can provide common timing to UEs for parameter randomization such as PSSID and offset.
3   Conclusion
Based on the discussion and identified observations in this contribution, we propose followings:
Observation 1: It is preferred for out-of-coverage UEs deriving timing from eNB to perform periodic measurement or scanning from efficiency and power consumption perspectives.

Observation 3: A prioritization of Rx timing reference is beneficial not to lose essential synchronization sources such as eNB or a UE in coverage.
Observation 4: Reselection of Synchronization Source during common scanning period is beneficial from protocol efficiency and interference management perspectives.

Observation 5: Longer time is required until achieving allowable number of timing references as the length of scanning cycle is longer.
Observation 6: Periodic scanning can provide common timing to UEs for parameter randomization such as PSSID and offset.
Proposal 1: For out-of-network coverage UEs, eNB configures scanning period via PD2DSCH to measure D2DSS in D2DSSue_oon and D2DSSue_net.
Proposal 2: Periodic scanning should be supported for out-of-coverage UEs to find SSUEs with different timing reference.

Proposal 3: Synchronization Source UE should indicate its Time-to-Scan (TTS) value via PD2DSCH for out-of-coverage UEs. TTS can be explicitly signaled via PD2DSCH or implicitly by DFN.

Proposal 4: Time duration of scanning is configured or pre-configured to one value from the set {40, 80} ms.

Proposal 5: The support of faster synchronization should be considered from the following options: i) extending the duration of scanning, ii) indication of changed timing reference.
Appendix A
Synchronization for reception

It may need more considerations to design synchronization for reception under all deployment and service scenarios. To support in-, partial, and out-of-network coverage scenario, reception for both eNB and UE should be considered together. Also design commonality for both discovery and communication is considerable. Figure 4 represents scanning procedure for reception when it is not the time of scanning for Tx in Figure 2. Since scanning is started, a UE checks if the UE has an on-going transmission or reception. Then the UE ceases scanning procedure when on-going operation exists, due to limited processing power or half-duplex constraint. If there is no on-going work, the UE goes to next step to check whether it is in time to scan for Rx. If so, the UE scans for reception eNB having higher priority than UE. If a PSS/SSS from eNB is detected, the UE derives timing for Rx from a detected PSS/SSS and goes to next step for updating list of Rx timing references. If any PSS/SSS from eNB is not detected, the UE tries to find D2DSS/PD2DSCH from UE. If a D2DSS/PD2DSCH from UE is detected, the UE derives Rx timing from a detected UE and goes to next step for updating list of Rx timing references. There can be updating rule to order Rx timing references. The highest one is eNB timing and others followed by IC-UE, OOC-UE having higher priority, and received power.
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Figure 4: Scanning for reception
Appendix B
How to align timing for SSP

An example how to align timing for SSP within neighboring UEs is described in Figure 1 to 3. UE1 and UE2 in group 1 are synchronized to the common timing, and UE3 and UE4 in group 2 are synchronized to different timing from group 1. SSP starts after residual time to SSP is 1 and TTS is updated to maximum value N. The granularity of TTS is assumed to the same as the D2DSS period.

In this scenario, group 2 encounters a member of group 1, UE2 before SSP and finally time grows up to SSP timing. Then UE3 and UE4 do not transmit their signal and try to detect D2DSS from possible unsynchronized SSUE. As shown in Figure 1, UE3 detects D2DSS and PD2DSCH from UE2. The TTS value from UE2 is n and UE3 determine to follow timing and TTS value from UE2 according to pre-configured condition. 
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Figure 1: Example for alignment of SSP timing at nth frame
As shown in Figure 2, time is at next frame from previous one. Now UE3 already updated TTS value and timing for SSP to be aligned to UE2 in group 1. UE4 is still doing scanning in SSP and receives PD2DSCH from UE3 which indicate updated TTS value, n+1. Then UE4 derives timing and updates its TTS value as well according to pre-configured condition. 
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Figure 2: Example for alignment of SSP timing at (n+1)th frame
Figure 3 presents that timing for symbol boundary and for SSP is finally aligned within 4 UEs. These UEs are synchronized from symbol timing perspectives, so they are fine to have the same timing for SSP because the purpose of scanning is to find unsynchronized SSUE.
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Figure 3: Example for alignment of SSP timing at (n+2)th frame

From the example, the time duration of SSP is better to be multiple of D2DSS period to allow relaying of TTS value via PD2DSCH. If the time duration of SSP is limited, extension of SSP duration can be considered for reliable detection to avoid interference.
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