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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.
Working Assumption:

D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS

Working Assumption:

The concept of Physical D2D Synchronization Channel (PD2DSCH) transmitted by a D2D Synchronization Source should be further discussed. This is not implying that such a channel will be defined. 
The channel may carry information including: 

· Identity of Synchronization Source
· Type of Synchronization Source

· Resource allocation for data and/or control signaling
· Data

· Others (FFS)
It also includes the following working assumptions that were made in RAN1 #76, regarding D2D synchronization.

Working Assumption:

Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage. 

Working assumption:

· After giving priority to synchronization sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:
· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· 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 selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

In RAN1 #76bis, the following agreement, working assumptions were made, regarding D2D synchronization signal and channel design.

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

Working assumption:
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS
· FFS detailed structure
· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used
· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
In RAN1 #77, the following agreements and discussions 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 and conclusion, such as, on “whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither”, on FFS of the information to be carried in PD2DSCH, and so on.
2 Design for D2DSS/PD2DSCH, considering information carried and how to indicate the information 
Indication of synchronization source type
Based on the agreement in RAN1 #77, where 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
it is clear that the D2DSS sequence transmitted by UE can tell whether the transmission timing reference is an eNB or not. 
For the FFS: “whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither, when the UE is out of coverage and detected a D2DSS in D2DSSue_net,” the following can be considered.

· When a UE is out of coverage, if the UE uses TX timing reference of an eNB, when it transmits D2DSS, it uses a sequence from D2DSSue_net.
· When a UE is out of coverage, if the UE does not use TX timing reference of any eNB, when it transmits D2DSS, it uses a sequence from D2DSSue_oon.
· This will align with the agreement of the definitions for D2DSSue_net and D2DSSue_oon.

· When a UE is out of coverage, regarding whether the UE should use TX timing reference from an eNB or not, it can be discussed along with the synchronization procedure and respective conditions [2, 3].

· For example, if an out of coverage UE detects D2DSS with sequence in D2DSSue_net transmitted by another UE which is not with the maximum hop number, the UE may use its TX timing reference from eNB.

Proposal 1:  
· Out-of-coverage UE using TX reference timing from eNB should transmit a D2DSS in D2DSSue_net.
· Out-of-coverage UE not using TX reference timing from eNB should transmit a D2DSS in D2DSSue_oon.
In addition, how to divide two sets of D2DSS sequences, D2DSSue_net and D2DSSue_oon, needs to be further discussed. At least one of following options can be considered for partitioning two sets of D2DSS sequences:

· Root indices for PD2DSS are divided into two sets.
· Cyclic shifts of SD2DSS are divided into two sets.
· Two relative distances of PD2DSS and SD2DSS resources indicates two sets.
Proposal 2:  At least one of following options can be considered for partitioning two sets of D2DSS sequences:

· Root indices for PD2DSS are divided into two sets.

· Cyclic shifts of SD2DSS are divided into two sets.

· Two relative distances of PD2DSS and SD2DSS resources indicates two sets.

Indication of stratum level
A stratum level can be indicated by hop number value. D2DSS/PD2DSCH may carry an indication to indicate hop number value, where the hop number value is the index of the hop counted from an origin of eNB or an independent UE synchronization source. For example, a D2D UE which is synchronized to an eNB can transmit D2DSS/PD2DSCH indicating that the current hop number value is 2. Another D2D UE which synchronizes to the UE synchronized to an eNB can transmit D2DSS/PD2DSCH indicating that the current hop number value is 3. For an independent UE synchronization source, it can transmit D2DSS/PD2DSCH indicating that the current hop number value is 1. A D2D UE which is synchronized to an independent UE synchronization source can transmit D2DSS/PD2DSCH indicating that the current hop number value is 2. Another D2D UE which synchronizes to the UE synchronized to an independent UE synchronization source can transmit D2DSS/PD2DSCH indicating that the current hop number value is 3. Alternatively, for out-of-coverage, if a synchronization source is not derived from eNB, a flat synchronization structure may be used, where there may not be a need to carry hop number [3].
Knowing a hop number value, a D2D UE may have prioritization of the node to which it can synchronize. For example, if every other condition is the same or similar, a D2D UE may prefer a node which transmits D2DSS/PD2DSCH indicating a smaller hop number value to a node which transmits D2DSS/PD2DSCH indicating a larger hop number value, to be the node to which it can synchronize. 
The question is how D2DSS/PD2DSCH can indicate the hop number value. There can be different options, considering the latency for a D2D UE to determine the prioritization based on the hop number value, and the complexity of the design for D2DSS. A good tradeoff should be considered. 
· A first option is to indicate the hop number value in PD2DSCH, e.g., using payload of PD2DSCH. This can simplify the design of D2DSS, however, if D2DSS is transmitted more frequently than PD2DSCH, it may result in certain latency for a D2D UE to determine the prioritization based on the hop number value, as it has to wait until it decodes PD2DSCH. 
· A second option is to indicate the hop number value via D2DSS, e.g., by relative timing distance of PD2DSS and SD2DSS, or by partitioning D2DSS sequence sets. This option can provide low latency for a D2D UE to determine the prioritization based on the hop number value when D2DSS is transmitted more frequently than PD2DSCH, however, it may complicate the design for D2DSS.
· A third option can be to indicate the hop number value via D2DSS and PD2DSCH jointly. This option may be applicable if for out-of-coverage case it also uses hop number. For example, if a hop number value has a maximum ‘3’, 1-bit indicator in D2DSS can be used, to indicate whether the hop number value is 2 or 3 when the TX reference timing is from eNB (assume the sync signal from eNB is with hop number value 1), and to indicate whether the hop number value is 1, or a set of {2,3} when the TX reference timing is not from eNB. Then, 1-bit indicator in PD2DSCH is further used to differentiate hop number value 2 or 3 when the synchronization source is an independent UE. The 1-bit indicator in D2DSS can be, e.g., by partitioning the D2DSS sequence, or by different relative timing distance of PD2DSS and SD2DSS. This option can provide some tradeoff of latency for a D2D UE to determine the prioritization based on the hop number value and complexity of the design for D2DSS.  It provides compromise of the first and the second options.  
Observation 1: Different options can be considered for how D2DSS/PD2DSCH can indicate the hop number value. For example, options can include using PD2DSCH, or using D2DSS, or using D2DSS and PD2DSCH jointly.  Tradeoff of the latency for a D2D UE to determine the prioritization based on the hop number value, and the complexity of the design for D2DSS, should be considered. 

Observation 2: Indication of hop number value can be depending on synchronization source type. For example, if a hop number value has a maximum ‘3’, indication is needed for hop number value 2 or 3 when the TX reference timing is from eNB (if the sync signal from eNB takes hop number value 1), and indication is needed for hop number value 1, 2, or 3 when the synchronization source is not derived from eNB if hop number is indicated for out-of-coverage case. Or alternatively there may not be hop number indication if the TX reference timing is not derived from eNB.
Multiplexing of D2DSS/PD2DSCHs according to stratum level
Another open issue for synchronization design is how to multiplex D2DSS/PD2DSCHs with different hop numbers. Two straightforward approaches for multiplexing D2DSS/PD2DSCHs are TDM and FDM. In case of FDM, a UE transmitting D2DSS/PD2DSCH cannot listen to other UEs’ simultaneous D2DSS/PD2DSCH with different hop numbers by half duplex constraints. TDM approach does not suffer from the half duplex issue. 

It is noted that if TDM to multiplex D2DSS/PD2DSCHs with different hop numbers is used, additional approach like one of those mentioned above should be used to indicate hop number values via D2DSS/PD2DSCH.
Proposal 3: TDM is used for multiplexing D2DSS/PD2DSCH with different stratum level.
Indication of resource pool(s)
Besides the agreement that PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number, PD2DSCH can carry information related to the resources for a D2D UE receiver to monitor SA. A D2D UE may relay information to other D2D UE around the cell edge, where the relayed information includes information related to SA/data resource pool(s). 
Observation 3: PD2DSCH can carry information related to RX resource pool(s) for SA/data.
Indication of D2D UE TX power level 
PD2DSCH can carry information related to a D2D UE TX power level. The power level can be, for example, the maximum power allowed for a D2D UE to transmit D2D signal, including sync, control, and data.  In different aspect, the power level can be, for example, the power level used by synchronization source UE. It may help other UEs to measure the difference of power level between the synchronization source UE and themselves [4].
Observation 4: PD2DSCH can carry information related to D2D UE TX power level.

Indication of Time to Scan 
PD2DSCH can carry information related to TTS (Time to Scan) value which inform the residual time to scanning [5]. In operational perspective, it can be interpreted to valid time of synchronization reference. TTS value may be relative time to scanning or absolute time in the unit of D2D frame number. The range of TTS value should be decided as considering UE mobility. Synchronization source UE can indicate TTS value to neighboring D2D UEs as well as other synchronization source UEs. TTS value may be utilized as criteria to select synchronization source, because it reflects the recent scanning result not impaired by UE mobility. If the length of TTS is so large not to be contained in PD2DSCH, D2D frame number may be an alternative option to inform TTS value implicitly with an assumption of TTS value is pre-configured in D2D frame number.
Observation 5: PD2DSCH can be used to indicate TTS (Time to Scan) explicitly or implicitly if UE mobility should be managed with less overheads.
Indication of PCID from which a UE derives its TX reference timing
For D2D discovery or communication in asynchronous system, it may be needed for a serving cell (say, Cell1) to tell a UE (say UE1) about resource pool information of a neighboring cell. If the resource pool information of neighboring cell (say Cell2) is provided according to PCID of the neighboring cell, the UE needs to use PCID of neighboring cell to look up for the resource pool information of the neighboring cell. For UE1 to obtain PCID of Cell2, if UE1 cannot directly detect sync signal from Cell2, another UE (say UE2) in Cell2 may transmit D2DSS, and UE2 may need to also include PCID of Cell2 in PD2DSCH, to help UE1 to get its RX synchronized with Cell2 to monitor the signal from UE in Cell2. PCID of Cell2 in PD2DSCH from UE2 can help UE1 look up for subframe level resource pool of Cell2, and D2DSS from UE2 can help UE1 get symbol level synchronization for UE1’s RX to monitor signal from UE in Cell2. Even for synchronous system, if neighboring cell’s resource pool is different from serving cell, PD2DSCH may also be used to indicate PCID from which a UE derives its TX reference timing, so it can help RX UE to look up for the RX pool which can be associated with PCID. Details can be found in [6].
Observation 6: PCID of a cell from which a UE derives its TX reference timing may be included in PD2DSCH transmitted by the UE. The PCID can help UEs in other cells or out-of-coverage UE to look up for the RX resource pool of the cell. 

Other aspects
PD2DSCH transmitted from a D2D UE can indicate information related to additional nodes (including eNB and D2D UEs) that the UE detects synchronization. Other D2D UEs which receive such information can use it as one of the factors to determine prioritization of network node from which the UE can get synchronized (for example, a D2D UE may prioritize a node which can receive synchronization from multiple other nodes over a node which can only receive sync from a single other node). 

Observation 7: Indication of information on additional node to which a D2D UE can synchronize can be useful for D2D UE which receives such information to determine a prioritization of a node to which it can synchronize. Such information may be considered to be carried in PD2DSCH.

Other information carried in PD2DSCH may include PD2DSCH periodicity, system bandwidth, D2D frame number [7, 8], indication of whether D2D frame number is derived by an accurate method or not [8], TDD UL/DL configuration, and parameter related to threshold that a UE can become a sync source. 
Table 1 summarizes the content which can be carried by D2DSS/PD2DSCH.
Table 1: Information carried by D2DSS/PD2DSCH
	Information field
	Signaling method
	Range/Usage

	Synchronization ID 
	D2DSS sequence
	FFS

	Synchronization source type 
	D2DSS sequence set: D2DSSue_net, D2DSSue_oon
	Indicate whether TX reference timing is derived from eNB or not derived from eNB

	TDD/FDD 
	FFS. PD2DSS / SD2DSS distance, or PD2DSCH
	To indicate whether it is TDD or FDD

	Synchronization hop number
	FFS. D2DSS sequence, or PD2DSS / SD2DSS distance, or PD2DSCH
	FFS

	Resource pool(s) for SA/data
	PD2DSCH
	FFS

	D2D TX power level
	PD2DSCH
	FFS

	PD2DSCH periodicity
	PD2DSCH
	FFS

	System BW
	PD2DSCH
	FFS

	System frame number
	PD2DSCH
	The SFN of the eNB from which the UE derives TX timing (can be omitted if the UE does not derive TX timing from eNB)

	D2D frame number
	PD2DSCH
	Range FFS. It is used to indicate the timing based on which the preconfigured resource pool is defined. (can be omitted if it is the same as SFN)

	D2D frame number derived by accurate method or not
	PD2DSCH
	1-bit. Indicate whether D2D frame number is derived by accurate method or not

	TDD UL/DL configuration, only for TDD
	PD2DSCH
	3-bit. Legacy TDD UL/DL configuration.

	Parameter related to threshold to transmit D2DSS (e.g. X dBm)
	PD2DSCH
	Range FFS. A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below or above X dBm 
Note: There may be different X values for different purposes.

	Time to scan 
	PD2DSCH 
	Range FFS. To inform the residual time to scanning. (It can be omitted if TTS is pre-configured in D2D frame number.)

	PCID
	PD2DSCH
	9-bit. PCID of the cell from which the UE derives its TX timing

	Information on additional node to which a D2D UE can synchronize
	PD2DSCH
	FFS. For synchronization source node prioritization, and possible reselection of the sync node


Proposal 4: PD2DSCH can be used to carry information related to resource pool(s) for SA/data, D2D UE TX power level, time to scan if UE mobility should be managed with less overheads, and other information, as listed in Table 1.    

3 Conclusions

This contribution considered signal and channel design for synchronization source selection. It discusses the information to be carried in D2DSS/PD2DSCH and how to indicate such information. In particular, the following observations are made.

Observation 1: Different options can be considered for how D2DSS/PD2DSCH can indicate the hop number value. For example, options can include using PD2DSCH, or using D2DSS, or using D2DSS and PD2DSCH jointly.  Tradeoff of the latency for a D2D UE to determine the prioritization based on the hop number value, and the complexity of the design for D2DSS, should be considered. 

Observation 2: Indication of hop number value can be depending on synchronization source type. For example, if a hop number value has a maximum ‘3’, indication is needed for hop number value 2 or 3 when the TX reference timing is from eNB (if the sync signal from eNB takes hop number value 1), and indication is needed for hop number value 1, 2, or 3 when the synchronization source is not derived from eNB if hop number is indicated for out-of-coverage case. Or alternatively there may not be hop number indication if the TX reference timing is not derived from eNB.
Observation 3: PD2DSCH can carry information related to RX resource pool(s) for SA/data.

Observation 4: PD2DSCH can carry information related to D2D UE TX power level.

Observation 5: PD2DSCH can be used to indicate TTS (Time to Scan) if UE mobility should be managed with less overheads.
Observation 6: PCID of a cell from which a UE derives its TX reference timing may be included in PD2DSCH transmitted by the UE. The PCID can help UEs in other cells to look up for the RX resource pool of the cell. 

Observation 7: Indication of information on additional node to which a D2D UE can synchronize can be useful for D2D UE which receives such information to determine a prioritization of a node to which it can synchronize. Such information may be considered to be carried in PD2DSCH.

In addition, the following proposals are proposed.

Proposal 1:  
· Out-of-coverage UE using TX reference timing from eNB should transmit a D2DSS in D2DSSue_net.
· Out-of-coverage UE not using TX reference timing from eNB should transmit a D2DSS in D2DSSue_oon.
Proposal 2:  At least one of following options can be considered for partitioning two sets of D2DSS sequences:

· Root indices for PD2DSS are divided into two sets.

· Cyclic shifts of SD2DSS are divided into two sets.

· Two relative distances of PD2DSS and SD2DSS resources indicates two sets.

Proposal 3: TDM is used for multiplexing D2DSS/PD2DSCH with different stratum levels.
Proposal 4: PD2DSCH can be used to carry information related to resource pool(s) for SA/data, D2D UE TX power level, time to scan if UE mobility should be managed with less overheads, and other information, as listed in Table 1.    
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