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1 Introduction
This paper focuses on reference signal design for efficient synchronization of the receivers for discovery and communication. A companion contribution [1] focuses on synchronization procedures based on the signals proposed in this paper. The following RAN1#74bis and RAN1#75 agreements are taken as starting point:

Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

Additionally, the following was heavily discussed and close to be agreed:

· Proposal: 

· UEs may transmit D2DSS/PD2DSCH derived from D2DSS/PD2DSCH received from a certain eNB or independent synchronization source by at most by n hops

· FFS values for n are 2,3,4.

2 Synchronization Signals Design (D2DSS)

The design of D2DSS has been extensively analysed in [2] and references therein, including simulation results that prove the fulfilment of the RSRP requirements. Here, we confirm our design proposal and suggest how to finalize the remaining FFS points in D2DSS design:

· Reuse PSS/SSS sequences as from Rel-8
· If the synchronization source is an eNB: the D2DSS is Rel-8 PSS/SSS
· If the UE transmitting D2DSS is an independent synchronization source: the D2DSS sequence is derived from the UE (ProSe) ID
· If the UE transmitting D2DSS derives synchronization from a D2DSS with sequence ID X: the transmitted D2DSS sequence has also sequence ID X (i.e., the original sequence identity is reused)
· The hop-number is derived from the resource mapping (see Section 5)
· The type of carrier (TDD/FDD) is derived from the SD2DSS sequence 
· It is possible to differentiate between UE-transmitted D2DSS and eNB-transmitted D2DSS by observing the detected D2DSS (e.g., different carrier for FDD, different periodicity and different PD2DSS and SD2DSS mapping)

· Considering that even RRC_IDLE UEs may transmit D2DSS, the DL timing can be used for D2DSS transmission

· Subframes carrying D2DSS (transmitted by UEs) use extended CP
A summary of the information carried by D2DSS is provided in Table 1.

Table 1: Information carried by D2DSS

	Information field
	Signalling method
	Range

	Synchronization ID (short)
	D2DSS sequence
	[0..503]

	Source type (eNB or UE)
	D2DSS periodicity and PD2DSS / SD2DSS distance
	

	TDD/FDD
	SD2DSS sequence
	

	Sync Hop number
	D2DSS position in the subframe
	[1..3]


Proposal:

· Reuse PSS/SSS sequences for D2DSS

· Map information to D2DSS according to Table 1
3 Physical Direct Synchronization Control Channel Design (PD2DSCH)

During RAN1#74bis, the following Working assumption is made for the synchronization channel:
Working Assumption:
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signaling

· Data

· others FFS
As discussed in [1], a control channel (PD2DSCH) is needed for conveying essential broadcast control information that enables D2D. A single PD2DSCH (that may be transmitted in SFN by multiple UEs) is associated to each sync hop number.
Proposal:

· Agree on introduction of PD2DSCH

· There is a one-to-one association between D2DSS and PD2DSCH( for each sync hop number)
Considering energy efficiency, the periodicity of PD2DSCH is larger than D2DSS, such as 2.56s or 5.12s (see Section 5 for energy analysis). Furthermore, it is easier for the receiver to detect PD2DSCH if it is transmitted in subframes that are carrying D2DSS with the same sync hop number (improved channel estimation, shorter DRX cycle, no need for GP between D2DSS and PD2DSCH). In order to achieve similar coverage for D2DSS and PD2DSCH, it is proposed to reuse the same bandwidth (6PRBs).

Proposal: 

· The periodicity of PD2DSCH is X times of D2DSS

· E.g., the PD2DSCH periodicity is 64 or 128 times larger than that of D2DSS

· PD2DSCH is only transmitted in subframes carrying also D2DSS with the same sync hop number
· The bandwidth of PD2DSCH is same as D2DSS 

· A GP of half OFDM symbol is used at the end of PD2DSCH [3].

· Considering that even RRC_IDLE UEs may transmit PD2DSCH, the DL timing can be used for PD2DSCH transmission

A summary of the information carried by PD2DSCH is provided in Table 2.
Table 2: Information carried by PD2DSCH
	Information field
	Range
	Length (bits)

	Synchronization ID (full MAC-level address)
(only if sync is derived from a SS UE)
	According to agreement on ProSe IDs length
	16 

	TDD configuration 
(only for TDD carriers)
	[0..7]
	3

	UE Synchronization Source type 
(only for hop nr > 1)
	{“sync derived from D2DSS originally transmitted by an eNB”, sync derived from D2DSS originally not transmitted by an eNB”; }
	1

	Maximum supported number of sync hops
	[1..3] (1 means no sync relaying)
	2

	Resource pool for Scheduling Assignments
	Different time patterns (or subbands)
	2

	D2D PC setting
	Content FFS
	2

	PD2DSCH periodicity
	{2.56s, 5.12s}
	1

	
	
	Total: max 27 bits


Some of the above fields may require further clarification:

· Synchronization ID (full MAC-level address): this is the full ProSe ID of the UE from which synchronization is derived. The ProSe ID length needs to be defined by RAN2, but will likely exceed [0..503] range. Therefore, the full Synchronization ID is mapped to the 504 D2DSS sequences according to a rule.
If synchronization is originally derived from an eNB, D2DSS carries the corresponding cell-ID. Examples are provided in Figure 1.
· TDD configuration: this field indicates the TDD configuration on the D2D carrier

· SS type: this field indicates the type of the UE SS (e.g., UE relaying SS originally generated by an eNB, UE relaying SS not derived from an eNB)
· Maximum supported number of sync hops: it should be possible for the controlling NW to configure the maximum number of hops for sync relay.
· Resource pool for transmission of SA: a set of subframes where UEs may transmit Scheduling Assignments (SA) for broadcast communication (typically the same subframes carrying D2DSS)
· D2D PC setting: Power Control information for UEs 
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Figure 1: Left: Example of synchronization relaying (originally from eNB). Right: Example of synchronization relaying (originally from UE), with no NW coverage.
Proposal: 

· The content of PD2DSCH is according to Table 2.

4 D2D Broadcast Control Information Transmitted by eNB

Here, we analyse which fields should be transmitted by the NW (eNB) by use of a new SIB dedicated to D2D. All the information fields from Table 1 and Table 2, should be present and are omitted here for space reason. In addition, the fields in Table 3 should be carried by SIB.
Table 3: Information carried by SIB (in addition to all the fields of Table 1 and Table 2).

	Information field
	Range
	Length (bits)

	Resource pool for reception of discovery messages
	FFS
	FFS

	Information about neighbor cells synchronization 
	{“synchronous cells”, “+/-1us”, “+/-5us”, “+/-10us”}
	2

	Criteria for assuming SS role


	{“All D2D UEs are SS”, “RSRP < X dBm”, “RSRP < Y dBm”, “RSRP < Z dBm “}
	2

	Resources to be used by in-coverage SS
	Subframe offset: [0..39]ms
	6


It is remarked that the resource pools for reception of scheduling assignments and discovery messages are in general different from those used to transmit them (Table 2) because the reception pools may include resource of neighbour cells.

Proposal: 

· The content of D2D SIB is according to Table 3 in addition to Table 1 and Table 2.

5 Frame Mapping and Structure

In this section we discuss how to map D2D signals on the LTE frame. 

Even SS UEs need to track synchronization signals from other SSs (eNB or UE). This can be achieved by TDM between D2DSS/PD2DSCH associated to different hop counts. Such a solution enables UEs to track SS at hop nr n and transmit D2DSS/PD2DSCH corresponding to hop nr n+1.

TDM between D2DSS/PD2DSCH and cellular is also preferred because of lack of TA for D2DSS/PD2DSCH, with the exception of PUCCH [4]. In case cell-specific SRS subframes coincide with PD2DSCH, it is FFS whether additional GP is needed at the end of PD2DSCH in addition to the half symbol GP.
Extended CP is used for both D2DSS and PD2DSCH in order to cope with lack of TA.
Proposals: 
· TDM between different hop count numbers for D2DSS/PD2DSCH
· TDM between D2DSS/PD2DSCH and cellular is preferred (with the exception of PUCCH)
· Extended CP is used for D2DSS and PD2DSCH
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Figure 2. Left: mapping of D2DSS over a D2D subframe. Right: mapping of D2DSS and PD2DSCH over a dedicated subframe.
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Figure 3: Mapping of D2DSS and PD2DSCH corresponding to multiple synchronization hops over the radio frames.

A further open issue is related to D2DSS and PD2DSCH periodicity, which is tightly related to idle UEs power consumption, implementation complexity and mobility support.  D2DSS/PD2DSCH periodicity was analysed in [2] and the results are updated for convenience in Table 4. A PD2DSCH periodicity of 5.12s may also be considered.
Table 4: Energy analysis of the proposed D2DSS/PD2DSCH periodicity.
	Power consumed by idle UEs for sync maintenance
(paging cycle=1.28s)
	Power consumed for initial  cell search
	Power consumed for synchronization signals + messages transmission
	Power consumed for synchronization tracking and periodic search for new synchronization
(new sync search cycle=2.56s)

	0.016 u
	0.026 u
	0.016 u
	0.016 u


6 Conclusions

In this contribution we analysed the L1 format of sync signals and channels and the information that is mapped to them.
Proposal:

· Reuse PSS/SSS sequences for D2DSS

· Map information to D2DSS according to Table 1
· Agree on introduction of PD2DSCH

· There is a one-to-one association between D2DSS and PD2DSCH( for each sync hop number)
· The periodicity of PD2DSCH is X times of D2DSS

· E.g., the PD2DSCH periodicity is 64 or 128 times larger than that of D2DSS

· PD2DSCH is only transmitted in subframes carrying also D2DSS with the same sync hop number

· The bandwidth of PD2DSCH is same as D2DSS 

· A GP of half OFDM symbol is used at the end of PD2DSCH [3].

· Considering that even RRC_IDLE UEs may transmit PD2DSCH, the DL timing can be used for PD2DSCH transmission

· The content of PD2DSCH is according to Table 2.

· The content of D2D SIB is according to Table 3 in addition to Table 1 and Table 2.

· TDM between different hop count numbers for D2DSS/PD2DSCH
· TDM between D2DSS/PD2DSCH and cellular is preferred (with the exception of PUCCH)

· Extended CP is used for D2DSS and PD2DSCH
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