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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.

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:
· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB 
Agreement:

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

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

In RAN1 #77[2], 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
This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on the criteria that a UE has to meet before it becomes a synchronization source, synchronization UE configuration method, and D2DSS selection/reselection issues, on “FFS on eNB configuration for synchronization”, and on “FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted.”
2   Synchronization Design Aspects for In-Network Scenario 
Time synchronization procedures for in-network scenario are related mainly to inter-cell D2D operation, since existing WAN synchronization procedure can be reused for intra-cell D2D operation. Some design issues will be investigated from the perspectives of inter-cell D2D operation.
2.1
Design aspects for inter-cell D2D from the interference perspective
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. D2DSS transmission at the first sub-frame of the Type 1 discovery pool is not controlled by eNB but triggered at UE. Therefore D2DSS from an UE in Type 1 discovery or Mode 2 communication may give high interference to neighboring cell’s D2D operation in TDD configuration as shown in Figure 1. A UE in neighboring cell may not receive DL signal from the serving cell B or may not receive D2DSS from SSUEs in the neighboring cell A.
Observation 1: Interference to neighboring cell’s D2D operation in TDD configuration needs to be considered for synchronization procedure.
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Figure 1: Impact of D2DSS transmission for inter-cell scenario in TDD configuration
Similarly, D2DSS from an UE in Type 1 discovery or Mode 2 communication may give high interference to neighboring cell’s D2D operation in FDD configuration as shown in Figure 1. A UE in neighboring cell may not receive D2D signal from UEs in the serving cell B or may not receive D2DSS from SSUEs in the neighboring cell A.

Observation 2: Interference to neighboring cell’s D2D operation in FDD configuration needs to be considered for synchronization procedure.
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Figure 2: Impact of D2DSS transmission for inter-cell scenario in FDD configuration
2.2
Design aspects for inter-cell D2D from the overheads perspective
Inter-cell D2D operation by non-standardization approach requires resource pool information of neighboring cells. The serving cell of a UE transmits resource pool for the serving cell as well as for the neighboring cell. However the signaling overhead to support inter-cell D2D will be high when cell deployment is asynchronous or different resource pool configuration per cell even in synchronous cell deployment. To reduce the signaling overheads, the concept of D2D zone can be considered. D2D zone means an area comprising multiple cells with the same resource pool configuration. For example in synchronous cell deployment, resource pool information for 9 cells is indicated in per-cell coordination, while information for only 3 cells is indicated in per-zone coordination when 3 cells are configured to have the same resource pool. That is, 3 times less signaling overheads are required for per-zone coordination than per-cell approach. In asynchronous cell deployment, more information may be required on time offset to resource pool of neighboring cell. If system frame number of neighboring cell can be obtained, time offset is not needed to indicate UEs to in the same zone, because they already obtain from the serving eNB.
Observation 3: Signaling overheads to indicate resource pool configuration of neighboring cells can be reduced by adopting D2D zone which comprises multiple cells with the same resource pool configuration.
Proposal 1: Zone-based D2D resource pool configuration should be considered for possible deployment to mitigate interference within neighboring cells and to reduce signaling overheads to indicate resource pools of neighboring cells.

2.3 Criteria to become a synchronization source UE
In [2] we have analyzed that the UEs far from cell edge has no need to transmit D2DSS derived from the PSS/SSS of eNB, since the coverage of the transmitted D2DSS would mostly or entirely overlap with that of the cell. If these UEs transmit D2DSS, it will lead to power waste of the transmitting UEs. If WAN transmissions (such as PUCCH) co-exists with D2DSS in the same subframe, because of the transmission timing difference between D2D signal and UL WAN signal, the transmission of these meaningless D2DSS from in-coverage UEs will bring about additional interference to WAN signals. Therefore, the distance of a UE from the eNB should be one of the criteria to become a synchronization source.
Proposal 2: 
· Criterion 1: the distance of a UE from the eNB should be one of the criteria to become a synchronization source.

If a UE is in the vicinity of another synchronization source UE, similar problem as that when the synchronization source is eNB can be observed. To further reduce the number of in coverage synchronization source UEs, the UE to synchronization source UE distance can be considered as another criterion. 

Proposal 3: 
· Criterion 2: the distance of a UE from another synchronization source UE can be another criterion to become a synchronization source.
2.4 Synchronization source UE configuration
As analysed above, before the eNB configuring a UE to be a synchronization source, it has at least to learn if the UE is far away enough and if the UE is not next to another synchronization source UE that has already been transmitting D2DSS in the same synchronization resource. The eNB has two possible approaches to learn the distance from the UE. The first one is that eNB estimates the distance through the uplink signals, such as PRACH, SRS and DMRS. This approach requires UE to keep on with uplink transmission (at least SRS) through which eNB can track the UE to confirm if the UE is still within the effective range. Another approach is that UE estimates its distance from eNB based on the measured RSRP and reports the result to eNB. The benefit of this approach is that current RRM measure procedure can be reused. eNB can configure every ProSe-capable UEs with an Event A2 (Serving becomes worse than absolute threshold, 
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) triggered measurement, and the Thresh for Event A2 can be appropriately set to adjust the effective range for D2DSS transmission, as shown in Figure 1. In contrast to first approach, UE has no need to always transmit DMRS or SRS. Considering that a synchronization source UE may not have uplink traffic, so this approach can avoid SRS resource overhead and reduce the power consumption of the UE. Therefore, the approach based on UE measurement report (report 1) is preferred.

eNB should be able to configure more than one set of synchronization resource units (SRU) comprising D2DSS and/or PD2DSCH [3], where each set of SRUs comprise of a series of periodic subframes that reserved for D2DSS (or PD2DSCH) transmission. Different sets of SRUs are TDMed. eNB can configure different UEs to transmit D2DSS (or PD2DSCH) on each set of SRUs. Through this approach the density of the D2DSS in time dimension can be increased, which will improve the D2DSS detection performance for the UEs out of coverage. The D2DSS transmission period for a specific UE can be longer meanwhile not impact the D2DSS detection performance, as the D2DSS density has already been guaranteed D2DSS’s form multiple UEs. What is more, if one of the three UEs moves away, the out of coverage UEs can continue to obtain the timing reference from the D2DSS transmitted by the rest two UEs. 

After receiving report 1, eNB can further configure the reporting UEs to do measurement on one or more sets of SRUs. The target of the measurement here is to confirm if another UE has already been transmitting D2DSS in certain set of SRUs (Criterion 2). UE can confirm if one set of SRUs have been occupied by another UE by comparing the received D2DSS (or PD2DSCH) power on the set of SRUs with one pre-configured threshold, and report (report 2) the results (there is another UE transmitting on the set of SRUs or not) to eNB; or UE can just report (report 2) the received D2DSS (or PD2DSCH) power on each set of SRU to eNB.
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Figure 1 Illustration of the effective range

After receiving report 2 from a certain UE, and the reporting indicates that there is at least one set of vacant SRUs, then eNB can finally configure the UE to transmit D2DSS (or PD2DSCH) on the vacant set of SRUs.

Proposal 4: eNB should configure a UE to be a synchronization source based on at least the UE’s measurement report.

Proposal 5: To configure more than one set of synchronization resource units should be supported.
3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:
Observation 1: Interference to neighboring cell’s D2D operation in TDD configuration needs to be considered for synchronization procedure.
Observation 2: Interference to neighboring cell’s D2D operation in FDD configuration needs to be considered for synchronization procedure.
Observation 3: Signaling overheads to indicate resource pool configuration of neighboring cells can be reduced by adopting D2D zone which comprises multiple cells with the same resource pool configuration.
Proposal 1: Zone-based D2D resource pool configuration should be considered for possible deployment to mitigate interference within neighboring cells and to reduce signaling overheads to indicate resource pools of neighboring cells.

Proposal 2: 
· Criterion 1: the distance of a UE from the eNB should be one of the criteria to become a synchronization source.

Proposal 3: 
· Criterion 2: the distance of a UE from another synchronization source UE can be another criterion to become a synchronization source.

Proposal 4: eNB should configure a UE to be a synchronization source based on at least the UE’s measurement report.

Proposal 5: To configure more than one set of synchronization resource units should be supported.
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