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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 [4] focuses on synchronization procedures based on the signals proposed in this paper. The following RAN1#74bis agreement is 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). 

2 Synchronization Requirements
Direct synchronization is based on a set of known reference signals (RS) transmitted by the devices. Partly contrasting design principles need to be balanced in the design:

· RS bandwidth: 
· Larger bandwidth (e.g., 6 PRBs) allows for more accurate timing synchronization, better interference randomization, better frequency diversity and it allows for detection of multiple RS sequences (if needed).
· Narrow bandwidth provides better SNR per subcarrier and smaller overhead.

· RS time spacing
· Larger spacing between the RSs allows for increased resolution in frequency estimation
· Narrower spacing between the RSs gives larger frequency estimation range.

Regarding timing estimation, it is sufficient to guarantee that the timing resolution is a fraction of the CP, i.e., smaller than ~5us. Regarding frequency estimation target accuracy in the order of 0.1 ppm may be considered based on existing RAN4 requirements [1]. The frequency estimation range should not be smaller than +/-4kHz
. These values may be considered while waiting for updated input from RAN4 [5].
Observations:

· D2D synchronization RS should allow for timing estimation within CP and frequency estimation accuracy around 0.1 ppm

· Frequency estimation range should not be smaller than +/-4kHz

3 Information Carried by D2DSS and PD2DSCH

Different nodes may transmit different amounts and types of D2D broadcast system information. We assume that such broadcast information is carried jointly by D2DSS and/or PD2DSCH, possibly also via scheduling assignments to other resources, with the exception of PBCH which carries broadcast information within a cell. In order to progress on the broadcast control channel format, the purpose of the broadcast signalling needs to be defined, first:

Table 1: Summary of broadcast control information transmitted by different nodes.

	Broadcast control information transmitted by eNB
	Broadcast control information transmitted by SS under eNB coverage
	Broadcast control information transmitted by SCH
	Broadcast control information transmitted by SS under SCH coverage

	· Time/frequency synchronization reference*
· Cell ID*
· TDD / FDD*
· TDD configuration*
· SS type (eNB)
· Priority indicator
· Resource pool for transmission of SA within the cell
· Resource pool for transmission of discovery beacons within the cell
· Resource pool for reception of SA
· Resource pool for reception of discovery beacons

· Information about neighbor cells synchronization 
· Criteria for assuming SS role
· Resources to be used by in-coverage SS

· D2D Carrier Aggregation configuration

· D2D PC setting
· SFN-related info
*=legacy LTE broadcast information
	· Time/frequency synchronization reference

· Cell ID

· TDD / FDD

· TDD configuration

· SS type (eNB relay)

· Priority indicator

· Resource pool for transmission of SA within the cell

· Resource pool for transmission of discovery beacons within the cell

· FFS: SA in case some of the broadcasted information is via other resources than D2DSS/PD2DSCH.

· D2D Carrier Aggregation configuration
· SFN-related info
	· Time/frequency synchronization reference

· SCH ID

· SS type (SCH)
· Priority indicator

· SFN-related info

	· Time/frequency synchronization reference

· SCH ID

· SS type (SCH relay)
· Priority indicator

· SFN-related info


Some of the above fields may require further clarification:

· SS type: this field indicates the type of the SS (e.g., eNB, SCH, UE relaying SS from eNB, UE relaying SS from SCH, …)
· Priority indicator, indicating the priority of the SS in case a finer granularity than SS type is needed.
· Resource pool for transmission of SA within the cell: a set of subframes where UEs within the cell may transmit Scheduling Assignments (SA) for broadcast communication
· Resource pool for transmission of discovery beacons within the cell: a set of subframes where UEs within the cell may transmit discovery beacons
· Resource pool for reception of SA: a set of subframes where UEs need to monitor Scheduling Assignments (SA) for broadcast communication
· Resource pool for reception of discovery beacons: a set of subframes where UEs need to monitor discovery beacons
· Information about neighbor cells synchronization: may consist, e.g., of information about synchronization accuracy between cells. This information can be exploited by UEs, e.g., for optimizing DRX cycles.
· Criteria for assuming SS role: cell-specific criterion for selecting which UEs shall act as SS and transmit D2DSS and/or PD2DSCH
· Resources to be used by in-coverage SS: resources for D2DSS/PD2DSCH transmission by SSs camping on the cell
· D2D Carrier Aggregation configuration: set of carrier(s) to be used for D2D
· D2D PC setting: Power Control information for UEs camping on the cell
· SFN-related info: control info useful to determine the subframe number
It can be observed that in our proposal the SCH has limited control of the associated resources. The reason is that we assume that SCH are common PS UEs and as such they are pre-configured with the same out-of-coverage resources for discovery and communication as any other PS UE. Therefore, it is redundant to broadcast such information.
Proposal

· Consider the fields in Table 1 for D2D broadcast control information by D2DSS/PD2DSCH/other resources.

We suggest discussing the exact mapping of control information to D2DSS/PD2DSCH/other resources after the above fields are agreed in RAN1.
Proposal

· Discuss the exact mapping of control information to D2DSS/PD2DSCH/other resources after the content of control channels is agreed in RAN1.
4 D2DSS Design and Performance
Dedicated synchronization signals for D2D may be transmitted by selected UEs, in coverage and outside coverage, in order to broadcast a common synchronization reference to nearby UEs. Sync signals are primarily intended to allow nearby UEs to acquire frequency and timing synchronization and possibly convey additional information, similarly to the role of PSS/SSS during cell search. Therefore, it makes sense to reuse a similar design of PSS/SSS also for the D2D reference signals.
An example of D2D synchronization signals mapping to the frames transmitted by a synchronization source is provided in Figure 1. The synchronization signals periodicity is analysed in the companion contribution [4]. 

[image: image1]
Figure 1: Synchronization signals design

Figure 2 and Figure 3 provide the performance for time estimation, frequency estimation and sequence identification based on direct synchronization signals reusing the same sequences as PSS/SSS, for AWGN and ETU channels in low mobility. All results in this paper are based on single shot sync detection, i.e., no subframe accumulation is considered. However, frequency and sequence identification performance by SD2DSS may be improved significantly at low energy and computational cost by subframe accumulation.


[image: image2]
Figure 2: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=1m/s, AWGN channel)


[image: image3]
Figure 3: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=1m/s, ETU channel)

Additional results for higher UE speed (assuming the double speed model from [2]) are provided in Figure 4 for the ETU channel model. 

[image: image4]
Figure 4: Timing estimation, frequency estimation and sequence identification performance for direct synchronization signals (v1=v2=17m/s, ETU channel)
It is shown that timing estimation performance is acceptable for all the considered cases and even much below 0 dB SNR (per subcarrier), which provides some robustness against interference. Therefore, existing UE algorithms for cell search timing based on PSS may be reused for D2D timing estimation, without any need for subframes accumulation.
Observation:

· Existing UE algorithms for cell search timing based on PSS may be reused for D2D

· Subframes accumulation not needed for timing estimation based on PSS

When it comes to frequency estimation and sequence identification, performance of one-shot estimation may not meet requirements for low SNR for fading channels. However, once timing is acquired by PSS, multiple SD2DSS may be efficiently accumulated for improved frequency and sequence detection, with small complexity increase.
Observation:

· The performance of frequency and sequence detection may be improved by subframes accumulation with minimum complexity increase
Proposal:

· For direct synchronization signals consider a design similar to PSS/SSS

· 62 used subcarriers, 5 empty guard subcarriers at the signal band edges, two signals mapped to adjacent OFDM symbols

5 PD2DSCH Design

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 signalling

· Data

· others FFS
As discussed in Section 3 a lot of broadcast information needs to be carried and D2DSS is certainly not sufficient.  It is also agreed to use SC-FDMA as working assumption of D2D data channels and the channel structure of PUSCH can be reused for at least parts of PD2DSCH, possibly with extended CP and some guard period. 

Considering energy efficiency, the periodicity of PD2DSCH is larger than D2DSS, such as 2.56s [4]. 
Observation:

· Larger periodicity of PD2DSCH as compared to D2DSS provides energy efficiency
· Transmission of parts of the D2D broadcast information can be considered via a more general D2D physical shared channel that can handle also payload data, and maybe also SAs and discovery beacons.
D2D and PD2DSCH are to be received by all UEs in proximity. Considering the sequence design of D2DSS is similar to PSS/SS which occupies 6RBs in frequency domain, it is straight forward to use same bandwidth as D2DSS so that they have same coverage. 
Proposal: 
· The bandwidth of PD2DSCH is same as D2DSS for same coverage. 
D2DSS and PD2DSCH are transmitted by SSs. Because of half duplex constraints,  All UEs that are in proximity of the SS and that are not transmitting the same sync signal are supposed to detect D2DSS/PD2DSCH instead of transmitting Multiplexing PD2DSCH and D2DSS in the same subframes improves also spectral efficiency. Another advantage is that the receiver DRX cycle can be optimized and both sync signal and message can be received in the same subframe. Therefore, it would be better that the periodicity of PD2DSCH is X times the periodicity of D2DSS and they coincide in the same subframe sets, such as 40ms for D2DSS and 2.56s for PD2DSCH [4].  Another advantage of such design is to avoid different rate matching scheme of PD2DSCH for different transmission cases. 
Proposal: 

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

· PD2DSCH is always transmitted in subframes carrying also D2DSS

[image: image5]
Figure 5: Synchronization signals and synchronization messages are broadcasted with different periodicities and same bandwidth.
6 Multiplexing of D2DSS and PD2DSCH with Cellular 
D2DSS provides time/frequency reference for UEs and PD2DSCH provides broadcast information for D2D transmission. Their functions are similar to PSS/SSS and PBCH in LTE, in which RRC_IDLE is supported to receive PSS/SSS and PBCH. Then similarly, RRC_IDLE UEs should be able to transmit and receive D2DSS and PD2DSCH. Considering the transmission timing for discovery (T2=0) in which case RRC_IDLE is also supported, the same transmission timing should be set for D2DSS/PD2DSCH. While cellular UL transmission is adjusted by UL TA, which is different with the transmission timing of D2DSS/PD2DSCH, if they are FDMed in the same subframe, that will cause interference to cellular transmission at eNB. So TDM between D2DSS/PD2DSCH and cellular would be preferred.

Proposal: 
· TDM between D2DSS/PD2DSCH and cellular is preferred
7 Conclusions

This contribution discusses synchronization options and procedures as well as D2DSS/PD2DSCH design for LTE-based D2D, including various link simulations. Based on the analysis and results, the following is observed and proposed:
Observations:

· D2D synchronization RS should allow for timing estimation within CP and frequency estimation accuracy around 0.1 ppm

· Frequency estimation range should not be smaller than +/-4kHz 
· Existing UE algorithms for cell search timing based on PSS may be reused for D2D

· Subframes accumulation not needed for timing estimation based on PSS

· The performance of frequency and sequence detection may be improved by subframes accumulation with minimum complexity increase

· Larger periodicity of PD2DSCH as compared to D2DSS provides energy efficiency
· Transmission of parts of the D2D broadcast information can be considered via a more general D2D physical shared channel that can handle also payload data, and maybe also SAs and discovery beacons.
Proposals:
· Consider the fields in Table 1 for D2D broadcast control information by D2DSS/PD2DSCH/other resources.

· Discuss the exact mapping of control information to D2DSS/PD2DSCH/other resources after the content of control channels is agreed in RAN1.

· For direct synchronization signals consider a design similar to PSS/SSS

· 62 used subcarriers, 5 empty guard subcarriers at the signal band edges, two signals mapped to adjacent OFDM symbols

· The bandwidth of PD2DSCH is same as D2DSS for same coverage. 
· The periodicity of PD2DSCH is X times of D2DSS

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

· PD2DSCH is always transmitted in subframes carrying also D2DSS
· TDM between D2DSS/PD2DSCH and cellular is preferred
Appendix A: Simulation Parameters for RS Design
	Channel model
	AWGN, ETU, 2 uncorrelated rx antennas

	Mobility model
	Dual mobility {v1,v2} [2]

	Carrier frequency
	2GHz

	UE speed
	v1=v2=1m/s, v1=v2=17m/s

	SNR definition
	Average SNR per RS subcarrier

	Timing estimation algorithm
	Non-coherent time domain correlation on the subsampled signal [3]

	Frequency estimation algorithm
	ML estimator in frequency domain


Appendix B: Simulation Results with SFN Transmission of D2DSS

In this section we briefly study on link level the impact of SFN transmission of D2DSS on synchronization accuracy. The same simulation settings as in Section 4 are considered here, if not otherwise stated. 

Figure 6 compares the timing accuracy for respectively 1, 2 and 5 UEs transmitting the same PSS/SSS sequences over independent ETU channels with low mobility. A total tx power constraint is applied, therefore system level gains of SFN transmission are not visible in these simulations. At each iteration in the simulation independent uniformly distributed propagation delay error [-0.5us;+0.5us] and Doppler shift error [-400Hz;+400Hz] are added to each UE. Figure 7 and Figure 8compare respectively frequency estimation and sequence identification for PSS and SSS. 

It can be concluded that for reasonably small Doppler and timing offsets between the combined channels, link performance is not affected by SFN combination. The system level advantages need to be studied with a system level tool.


[image: image6]
Figure 6: Effect of SFN combination of D2DSS on timing estimation

[image: image7]
Figure 7: Effect of SFN combination of D2DSS on frequency estimation


[image: image8]
Figure 8: Effect of SFN combination of D2DSS on sequence identification
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� UEs typically suffer from an oscillator inaccuracy of ten or more ppm at cold start. In cellular LTE such inaccuracy is typically reduced to a fraction of subcarrier spacing by frequency domain correlation of PSS.
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