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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. 
2 Synchronization Signals Design (D2DSS)

We consider the following agreements from RAN1#76bis:

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

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 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
It was discussed in RAN1#76 whether it is useful to use a low-PAPR sequence for SD2DSS instead of the M-sequences used for SSS. While the PAPR concerns are reasonable, we believe that reuse of legacy SSS is important for UE implementation complexity reasons. In order to cope with the PAPR limitation, one option is to reduce the power of SD2DSS as compared to the PD2DSS power (or any other D2D signal). Such power backoff could be pre-defined or it could be tuned autonomously by the UE, when needed. A slight power reduction in D2DSSS in the order of 1-2dB is expected to have marginal impact on the synchronization performance and no implementation impact on the synchronization algorithm in the receiver.
Proposals:

· Reuse PSS/SSS sequences for D2DSS
· SD2DSS may have lower tx power than PD2DSS
2.1 Mapping of D2D Control Information to D2DSS

D2DSS carries control information that may be useful at the receivers, especially for out of coverage PS UEs. 

· Synchronization ID: the receiver needs to identify the correct association between D2DSS and eNB/UE ID. In case the transmitter is a UE, the L2 UE ID needs to be mapped to the 504 available D2DSS sequences (e.g., by hashing or truncating).

· Source Type: it was agreed in RAN1#76bis that D2DSS transmitted by eNB and UE are different. This is implicit by the fact that eNB’s D2DSS periodicity is 5ms while D2DSS periodicity is not smaller than 40ms. Additionally, the relative spacing between PD2DSS and SD2DSS can be used to distinguish between eNB or UE SS already at single shot detection.

· If D2DSS consists of SD2DSS followed by PD2DSS, a receiver might erroneously interpret such signal as a FDD eNB. This can be prevented, e.g., by using a different M-sequences mapping for UE-transmitted SD2DSS as compared to FDD LTE.
· Sync hop number: different hops for the same original sync reference are multiplexed in TDM according to pre-defined positions. The corresponding hop number is carried by PD2DSCH.
A summary of the information carried by D2DSS is provided in Table 1.
Proposal:
· Map control information to D2DSS according to 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)
	Order and distance of PD2DSS/SD2DSS
· UE transmit PD2DSS-SD2DSS

· eNB transmit SD2DSS-PD2DSS (FDD)
· eNB transmit spaced SD2DSS-PD2DSS (TDD)
	

	TDD/FDD
	SD2DSS sequence (e.g., M-sequences mapping to SD2DSS)
	

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

	Frame number (up to a certain ambiguity)
	SD2DSS sequence (e.g., M-sequences mapping to SD2DSS)
	FFS


Receiver algorithm example (D2DSS transmitted by a UE SS):

· The receiver detects PD2DSS (carrier and device types unknown at this point)

· The receiver detects SD2DSS and its relative position to PD2DSS

· Hypothesis test 1: the rx excludes that D2DSS comes from a TDD-eNB because of the PD2DSS-SD2DSS distance

· Hypothesis test 2: the rx excludes that D2DSS comes from a FDD-eNB because of the PD2DSS-SD2DSS order

· Note: at this point the rx knows that D2DSS comes from a UE, but carrier type is still unknown

· The receiver detects the mapping of the M-sequences generating SD2DSS and detects if the carrier is TDD or FDD 

· The receiver may reduce subframe index ambiguity by detecting the (cyclically varying) mapping of the SD2DSS sequence
· The receiver detects PD2DSCH and the SFN number

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 section 3.1, 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. However, the mobility study in [3] shows that for PS carriers the PD2DSCH periodicity cannot be too large because of out of coverage support. For PS carriers we propose configurable PD2DSCH periodicity of [0.2..1] seconds.
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 and for AGC stability, it is proposed to reuse the same bandwidth (6PRBs).

Proposal: 

· The periodicity of PD2DSCH is X times of D2DSS

· For PS carriers  the PD2DSCH periodicity is 5-25 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 one OFDM symbol is used at the end of PD2DSCH.

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

3.1 Mapping of D2D Control Information to PD2DSCH
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 (only if sync is derived from a SS UE)
	FFS (pending RAN2 decision on ProSe UE ID)
	16 (FFS RAN2)

	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 (Mode-2) Out of coverage data transmission/reception
	subband and time pattern
	3

	Resource pool for (Mode-2) Out of coverage Scheduling Assignments transmission/reception
	Subband (the periodicity is predefined)
	3

	Resource pools CP length
	Normal/Extended
	1

	D2D PC setting
	Content FFS
	2 (FFS)

	PD2DSCH periodicity
	{0.2s, 1s}
	1

	
	
	Total: max 32 bits


Some of the above fields may require further clarification:

· Synchronization ID: this field is based on the full L2 ProSe UE ID of the UE from which synchronization is derived. The ProSe UE ID length needs to be defined by RAN2, but will likely exceed [0..503] range. Therefore, the value of the Synchronization ID is derived from the ProSe UE ID and then 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 [1].
· TDD configuration: this field indicates the TDD configuration on the D2D carrier. It is important for limiting interference towards eNB in partial coverage cases.
· 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 (Mode-2) Out of Coverage Data Transmission: a set of resources where UEs may transmit data for broadcast communication

· Resource pool for (Mode-2) Out of Coverage Scheduling Assignments Transmission: a set of resources where UEs may transmit SAs for broadcast communication (typically the same subframes carrying D2DSS)
· Resource pools CP length: assumption regarding CP length in the pools

· D2D PC setting: Power Control information for UEs 
Proposal: 

· The content of PD2DSCH is according to Table 2.
3.2 PD2DSCH Physical Layer Design

In this section we analyse the transmission format for PD2DSCH. The payload of PD2DSCH has been analysed in Section 3 and it results to be at most 32 bits. We propose the following format:

· QPSK, 6 PRBs BW

· eCP, TDM with D2DSS in the same subframe
· X bits CRC (24 bits in the simulations, but shorter CRC can be considered)

· DL timing

· No retransmissions
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Figure 6: Link simulation results for the physical direct broadcast control channel (PD2DSCH). The proposed format fulfils the RSRP requirement. A worst-case 50 bits payload is considered here.
Figure 6 provides a link analysis of the proposed PD2DSCH assuming a very pessimistic 50 bits payload (to account for some margin, considering that the PD2DSCH fields are not agreed yet). Even with high mobility and selective channels a BLER below 0.1 is achieved for single-shot detection. With flatter channels the single-shot BLER can be reduced down to 0.05. Obviously, significant improvement can even be achieved with soft combination of PD2DSCH transmissions.
Proposal:

· PD2DSCH is transmitted with QPSK, 6 PRBs, eCP, 1 symbol GP, DL timing.
4 Frame Mapping and Structure

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

All D2D enabled UEs, including 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 (with the exception of PUCCH [4]) is also preferred because of lack of TA for D2DSS/PD2DSCH. 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 1 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. From RAN1#76bis:

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

D2DSS/PD2DSCH periodicity was analysed in [2]. In order to optimize energy consumption in the UEs it was proposed 40ms for D2DSS periodicity and 2.56s for PD2DSCH periodicity.

Proposal: 

· PS UEs transmit D2DSS with periodicity of 40ms and PD2DSCH with periodicity of 2.56s

Commercial UEs are not required to synchronize to out of coverage UEs. Inter-cell discovery, if supported, can be enabled by the serving eNB that may indicate the relative synchronization of proximal cells [5]. Therefore, D2DSS transmission is not required for commercial UEs.
Proposals: 
· Commercial UEs do not transmit D2DSS

5 Conclusions

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

· Reuse PSS/SSS sequences for D2DSS
· SD2DSS may have lower tx power than PD2DSS
· Map control 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

· For PS carriers  the PD2DSCH periodicity is 5-25 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 one OFDM symbol is used at the end of PD2DSCH.

· 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.
· PD2DSCH is transmitted with QPSK, 6 PRBs, eCP, 1 symbol GP, DL timing.
· 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

· PS UEs transmit D2DSS with periodicity of 40ms and PD2DSCH with periodicity of 2.56s

· Commercial UEs do not transmit D2DSS
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