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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

Conclusion: (related to PD2DSCH)
· Further investigation is needed until RAN1 #77 meeting about followings

· Information on the resources in which D2D transmission can/cannot occur can be forwarded by D2D UE who obtained it from eNB
· Interference from out of coverage D2D UE to LTE NW

· Necessity of this information

· Inter-cell resource alignment
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
Proposed Agreement:

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.
· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH
· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.
· Alt2: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.
Continue discussion until RAN1#78, and also consider what is meant by out of coverage in this context.
Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number

· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN

This contribution discusses some of the FFS aspects in the above working assumptions, particularly, on “FFS: Detailed of D2D frame number”, “FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number” and on “FFS on interference from out of coverage D2D UE to LTE NW.”
2   Consideration on D2D Resource Pool Configuration 
D2D resource pool configuration may be useful for D2D UEs to align the exact boundary of control and data channel. Or interference avoidance may be considered to resources indicated by D2D resource pool configuration. In this section, we investigate how to align the resource pool configuration based on exchange of D2D frame number and resource pool. 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
Signaling for Resource Pool Alignment
For resource pool alignment, synchronization of symbol and frame boundary as well as D2D frame number is preceded. Symbol and frame boundary can be synchronized based on D2D time synchronization procedures which have been studied in RAN1. Meanwhile synchronization of D2D frame number has not much discussed even though it is important to align resource pool configuration. Figure 1 is an example that D2D frame number is indicated via PD2DSCH. PD2DSCH resources are allocated with 10 ms gap. A PD2DSCH is transmitted per 40 ms period at a selected synchronization resource unit among 4 units. Current LTE specifies BCH containing 10 bits system frame number with 8 bits in BCH content and 2 bits in CRC masking. The usage of CRC masking is unclear for D2D UEs so we consider 8 bits to represent D2D frame number.
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Figure 1: Structure of Synchronization Resources
As presented in Figure 1, D2DSS/PD2DSCH resources are TDMed based on the current working assumption on allocating at central 6 RBs [2]. A synchronization resource unit (SRU) comprises D2DSS(s) and/or PD2DSCH and multiple SRUs are located in TDM manner. The time duration of a SRU may be same as 1 sub-frame. The reason to have TDMed SRUs is to avoid half-duplex problem within SSUEs. PD2DSCH in each SRU indicates information including D2D frame number which indicates the number of following D2D frame. Receiver can know the timing of control and data pool based on D2D frame number and sub-frame index provided by D2DSS. Also receiver can know the starting timing of synchronization period (e.g. 40 ms) which is represented by mapping to 4 times a DFN.
 Proposal 1: D2D frame number should be transmitted via PD2DSCH in a synchronization resource unit. The periodicity of the synchronization resource unit is 10 ms to support granularity of frame boundary like current LTE system.
2.2
Procedure and criteria for D2D frame number alignment
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Figure 2: 3 scenarios related to resource pool configuration
In-network coverage scenario:
Since a D2D UE receives from serving cell D2D frame number and resource pool configuration via SIB, synchronization of resource pool configuration is not demanded. At first, there is no issue for D2D UEs in the same cell. Secondly, for inter-cell D2D operation, knowing D2D frame number of neighboring cells is required to determine the timing offset to resource pool of the neighboring cells. Reception of BCH from neighboring cell may be erroneous according to inter-site distance. PD2DSCH from a D2D UE to indicate D2D frame number can be considered because there is no coordination via X2 interface between sites. Finally, indicating D2D frame number to outside of the cell coverage is beneficial for out-of-coverage D2D UEs. A D2D UE in coverage can request to eNB for grant to transmit PD2DSCH and eNB gives the corresponding grant to confirm the request. In another way, a D2D UE can get grant to transmit PD2DSCH implicitly when getting grant to transmit D2DSS.
Observation 1: Indication of D2D frame number via PD2DSCH can support inter-cell D2D UEs or out-of-coverage UEs.
Partial network coverage scenario:

The out-of-network coverage UE deriving timing reference from eNB via PD2DSCH relaying is regarded as partial network coverage UE. It obtains timing reference from eNB by detecting D2DSS and PD2DSCH. It is noted that we assume D2DSS implicitly indicates the location of PD2DSCH. D2D UEs retrieving D2D frame number and resource pool configuration derived from eNB, can transmit D2D signaling in the shared control and data resources aligned with in-coverage D2D UEs. Resource pool alignment is beneficial in the UE battery time and complexity perspectives.
Observation 2: Indication of D2D frame number via PD2DSCH can support partial coverage UEs from the UE battery time and complexity perspectives. 

There can be two cases of conflict between D2D frame numbers. First case is when D2D frame number from the serving eNB and neighboring eNB are different. According to the purpose of D2D frame number alignment, it is reasonable to have higher priority to DFN from serving eNB. However the UE moves out from the serving eNB, it may change to another DFN from the neighboring eNB proactively before cell re-selection with the neighboring eNB. Second case is when D2D frame number from the serving eNB and out-of-network coverage SSUE are different. D2D frame number from the serving eNB is always higher priority than one from the out-of-network coverage SSUE. PD2DSCH from the out-of-network coverage UE can be distinguishable referred by D2DSSue_oon.
Proposal 2: The D2D frame number and resource pool configuration should be indicated from partial network coverage UEs to support alignment of D2D frame number as well as resource pool configuration.
Out-of-network coverage scenario:

The procedure for out-of-network coverage UEs can divide into two cases, a procedure within OOC-UE_cat2 and OOC-UE_cat1 at maximum hop number and another one within OOC-UEs_cat2.
In first case, OOC-UE_cat2 can ignore D2D frame number from OOC-UE_cat1 at maximum hop number from resource pool alignment perspective. In some cases, a UE may utilize D2D frame number from UEs at maximum hop number to avoid interference to OOC-UE_cat1, by considering frame-level timing offset [3].
Observation 3: Indication of D2D frame number via PD2DSCH can support interference reduction within UEs which have different timing references.
In second case, UEs performs time synchronization procedure with pre-configured D2DSS period for OOC-UEs_cat1, and are assumed to have a common timing within neighboring D2D UEs. Even though timing reference is synchronized for frame boundary, D2D frame number is still not synchronized. To select one reference among different D2D frame numbers, the UEs need selection criteria which may be considered as received signal quality, number of hop, etc. However it is difficult to build large synchronization area with common D2D frame number based on received signal quality or hop count subject to signal fluctuation and UE mobility. Alternatively, D2D frame number itself can be a good criterion for selection. For example, a UE in D2D frame #0 replace D2D frame number to #20 when it receives D2D frame #20 from a neighboring UE via PD2DSCH. The tie situation is rare because D2D frame number may span 0 to 255, so the convergence to common D2D frame number is feasible at PS incident area. In another way, GPS can be utilized to give absolute timing for D2D frame number to UEs subject to high power consumption and restricted usage for outdoor [4].
Observation 4: Indication of D2D frame number via PD2DSCH can support out-of-coverage UEs by aligning control and data resource pool. 

Figure 2-4 shows an example to resolve conflict of D2D frame number when there are several synchronized groups. To achieve synchronization between two synchronized groups has not studied well though it is an important problem. There can be 3 approaches for OOC-UE_cat2 such as hierarchical, flat and inter-cluster synchronization [5]. Hierarchical scheme based on multi-hop has a limitation to resolve the problem because timing is derived only from synchronization head (I-SS). Flat and inter-cluster synchronization schemes can manage the problem because it allows timing adjustment of I-SS based on timings from neighboring I-SSs. A difference between flat and inter-cluster scheme is whether all UEs are synchronization sources or some UEs are synchronization sources. The following example is based on flat or inter-cluster scheme.
Observation 5: Hierarchical synchronization scheme has a limitation to resolve conflict of D2D frame number for out-of-network coverage UEs.
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Figure 3: Procedure to align DFN at nth D2D frame
There are 3 synchronized groups in the case whole D2D frame number spans 0 to 99. UE1 and UE2 in 1st group are aligned at D2D frame number 70. UE3 and UE4 in 2nd group are aligned at D2D frame number 40. UE5 to UE7 in 3rd group are aligned at D2D frame number 0. 
At the stage when D2D frame is at nth frame shown in Figure 3, UE5 to UE7 are assumed to be triggered to scan at first. Exchange of DFN within UE5 to UE7 in the same group does not invoke any DFN change since their DFN are already aligned. Meanwhile, UE 5 receives D2DSS/PD2DSCH from UE2 and gets DFN 70 in the decoded PD2DSCH. UE5 determines to set its own DFN to the value 70 since it compares DFN 0 and DFN 70 according to the pre-configured rule. Similarly, UE 6 receives D2DSS/PD2DSCH from UE3 and gets DFN 40 in the decoded PD2DSCH. UE6 determines to set its own DFN to the value 40 since it compares DFN 0 and DFN 40 according to the pre-configured selection criteria.
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Figure 4: Procedure to align DFN at (n+1)th D2D frame
Figure 4 shows the next stage after one shown in Figure 3. That is, simply, when timing is at (n+1)th D2D frame. UE5 transmits PD2DSCH including DFN 71 and UE6 transmits PD2DSCH including DFN 41 according to decision at nth D2D frame. Now PD2DSCH from UE5 is received at UE6 and UE7 as well as PD2DSCH from UE6 is received at UE5 and UE7. UE5 compares DFN 41 from UE6 and its own DFN 71 and determines to keep its DFN which is higher than DFN 41. UE6 compares DFN 71 from UE5 and its own DFN 41 and determines to yield since its DFN is lower than DFN 71. UE7 compares DFN 71 from UE5, DFN 41 from UE6 and its own DFN 1 and determines to yield since its DFN is lower than highest one, DFN 71.
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Figure 5: Procedure to align DFN at (n+2)th D2D frame
Figure 5 shows the next stage after one shown in Figure 4. That is, simply, when timing is at (n+2)th D2D frame. Now UE5 to UE7 in 3rd group knows the same DFN as 72 so they are aligned. Definitely, UE1 and UE2 in 1st group have the same DFN as 72 to UEs in 3rd group since the DFN was propagated from UEs in 1st group. Even though UE6 receives PD2DSCH from UE3, UE6 does not change its own DFN because selection condition is not fulfilled. Merged 1st and 3rd group will be aligned to 2nd group later when one of two scans and sees higher value of DFN than its own one.
Selection of resource pool configuration

It is reasonable to pre-configure resource pool for OOC-UE_cat2. However there may be another scenario that resource pool configuration is different per group. If resource pool alignment is needed in the scenario, there should be selection criteria for resource pool configuration. To harmonize with procedure of D2D frame number alignment, it is natural for UEs to have same criteria as one to select DFN.
Proposal 3: The D2D frame number and resource pool configuration should be exchanged within out-of-network coverage UEs to support alignment of D2D frame number as well as resource pool configuration.

3   Conclusion
Based on the discussion identified observations in this contribution, we propose followings:

Observation 1: Indication of D2D frame number via PD2DSCH can support inter-cell D2D UEs or out-of-coverage UEs.
Observation 2: Indication of D2D frame number via PD2DSCH can support partial coverage UEs from the UE battery time and complexity perspectives. 

Observation 3: Indication of D2D frame number via PD2DSCH can support interference reduction within UEs which have different timing references.
Observation 4: Indication of D2D frame number via PD2DSCH can support out-of-coverage UEs by aligning control and data resource pool. 

Observation 5: Hierarchical synchronization scheme has a limitation to resolve conflict of D2D frame number for out-of-network coverage UEs.

Proposal 1: D2D frame number should be transmitted via PD2DSCH in a synchronization resource unit. The periodicity of the synchronization resource unit is 10 ms to support granularity of frame boundary like current LTE system.
Proposal 2: The D2D frame number and resource pool configuration should be indicated from partial network coverage UEs to support alignment of D2D frame number as well as resource pool configuration.
Proposal 3: The D2D frame number and resource pool configuration should be exchanged within out-of-network coverage UEs to support alignment of D2D frame number as well as resource pool configuration.
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