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1 Introduction

At the RAN1#76bis meeting, the discussion on synchronization resources for out of coverage scenario was started. The following agreements were made by RAN1 WG:
· For out-of-coverage UEs
· Synchronization resources that occur periodically are used for transmitting D2DSS
· FFS whether PD2DSCH (if supported) is transmitted
· Size of a synchronization resource is FFS

· It is fixed in specification
· Periodicity of synchronization resources is pre-configured

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)

· Which synchronization resource is used for transmission is FFS

· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on

· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame
In this contribution, we express our views on synchronization resources for D2D communication (D2DSS). Our views on D2DSS physical structure, PD2DSCH and synchronization procedure are provided in our companion contributions: 
2 Multiplexing of D2DSSs between synchronization hops
The mapping of PD2DSS and SD2DSS signals should be aligned with the synchronization procedure. In case of multi-hop synchronization propagation, the hop count should be associated with the corresponding time resource in order to enlarge the synchronization area from each hop as much as possible. The transmissions from the independent and gateway synchronization sources (I-SS and G-SSs) with different hop counts should not collide on the same time resource, in order to avoid shrinkage of synchronization area especially in case of dense deployments. The latter may happen if multiple closely located synchronization sources with different hop counts occupy the same synchronization resources in time (e.g. the resource of the independent synchronization source). In addition, TDM can simplify the tracking of the timing from synchronization sources with lower hop count.
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Figure 1: TDM multiplexing of D2DSS from different hops.
Proposal 1
· Time division multiplexing is used to multiplex D2DSS signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).
3 PD2DSS and SD2DSS Mapping

The PD2DSS and SD2DSS are transmitted periodically. Based on our discussion in [1], the synchronization period in the order of 40-120ms may be considered for D2D communication. The 80ms periodicity may be a good tradeoff in terms of synchronization performance and overhead. However, the final conclusion on periodicity of PD2DSS and SD2DSS transmission should take into account RAN4 feedback on the UE frequency stability.
Observation 1
· The period for D2DSS transmission in the order of 40-120ms can be considered. The final conclusion should take into account RAN4 feedback on the UE frequency stability.

· The 80ms synchronization period may be a good tradeoff in terms of synchronization performance and synchronization overhead.

To support multi-hop operation, several consecutive subframes can be allocated for transmission of PD2DSS and SD2DSS jointly with PD2DSCH transmission. The position of PD2DSS and SD2DSS may vary in order to optimize the timing and carrier frequency offset estimation accuracy. As it was discussed in our companion contribution [1], the transmission of several PD2DSS signals may be beneficial for initial timing and frequency estimation assuming single shot synchronization. The position of the SD2DSS signals relative to the PD2DSS should be distinct comparing to the legacy system, where in case of FDD, the SSS and PSSS are transmitted consecutively on adjacent symbols (FDD: SSS-PSS) and in case of TDD are interlaced by two data symbols TDD: (SSS-Data-Data-PSS). For D2D synchronization, the example of potential SD2DSS and PD2DSS and PD2DSCH mapping is shown in Figure 2. In this case two PD2DSS signals are placed at the slot boundaries in order to perform initial timing and frequency estimation and the positions of the two SD2DSS signals are shifted comparing to the legacy system operation to avoid impact on the cellular cell search procedures. The intermediate symbols are occupied by PD2DSCH data. The PD2DSCH can occupy either the whole PD2DSS/SD2DSS bandwidth of 6 PRBs or can be slightly lower to fit PUSCH DFT bandwidth.
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Figure 2. SD2DSS and PD2DSS mapping in case of extended CP.
Proposal 2
· The PD2DSS/SD2DSS spacing and positions are different from legacy PSS/SSS in cellular operation.
4 Number of Subframes for PD2DSCH Transmission
The RAN1 WG has agreed that the target link budget for VoIP communication shall be not less than -107dBm. Therefore, the synchronization and decoding performance of the PD2DSCH shall be not less than this target or even better. The link budget for PD2DSCH will depend on the amount of information bits and energy per information bit. Our analysis in [3], has shown that assuming PD2DSCH content of approximately 30-50 bits with 16 bits CRC, the PD2DSCH MCL is in the range -127 to -132dBm depending on the amount of bits and amount of subframes used for PD2DSCH transmission. The corresponding simulation results are illustrated in Figure 3.
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Figure 3. PD2DSCH demodulation - Number of subframes impact 
Observation 2
· Two subframes are needed for PD2DSCH transmission if the number of payload bits (not including 16 bits CRC) is larger than 30 bits.
Proposal 3
· Two subframes are recommended for PD2DSCH transmission to improve performance and robustness of synchronization channel.
5 PD2DSCH/D2DSSs Resource Allocation
In case of multi-hop timing propagation, several synchronization sources (e.g. sources that belong to the same hop count) may occupy the same synchronization resource and therefore may transmit the same signal (similar to single frequency network operation). In this case, the composite channel will be formed which may result in a very frequency selective characteristics. In this case the channel estimation accuracy may degrade due to reduced coherence bandwidth as a result of the increased delay spread of the composite channel. In addition the signals may not be optimally combined over the air.
The SFN operation may also degrade the synchronization performance due to increased multipath as well as reduce the accuracy of the carrier frequency offset estimation since multiple synchronization sources may have uncorrelated errors and there is no way to optimally combine several estimates from different sources (i.e. perform optimal combining). At the same time, the synchronization accuracy is important for D2D communication where multiple hops are used to extend the synchronization area.
Observation 3
· The SFN transmission of the synchronization signals and channels may suffer from the increased frequency selectivity. 
· The SFN transmission excludes possibility for optimal combining of the signals coming from different synchronization sources.

In order to avoid drawbacks of the SFN operation and further improve system performance, the FDM based transmission of the PD2DSCH and synchronization signals can be considered. In case of hierarchical multi-hop timing propagation, the nodes may use different orthogonal frequency resources associated with the particular hop. An example of such allocation is illustrated in Figure 4.
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Figure 4. FDM option for PD2DSCH/PD2DSS transmission on in case of multi-hop propagation
In case of FDM based operation, the better performance may be expected in terms of PD2DSCH demodulation and frequency offset measurements due to frequency diversity as well reduced probability of frequency selectivity that affects channel estimation accuracy. Additionally, the D2DSS received power estimation can be done over multiple sets of synchronization sources corresponding to the same hop count.
Below, we analyse the performance of the FDM and SFN based transmission schemes in application to the PD2DSCH demodulation. For analysis, we assumed that total emitted power is the same and have compared two different options 1) two users transmit in SFN manner in the centre of the BW, and 2) two users transmit in FDM manner in the adjacent frequencies. The corresponding simulation results are provided in Figure 5 and the simulation assumptions are summarized in the Appendix.
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Figure 5. PD2DSCH demodulation - SFN vs. FDM 

Observation 4
· FDM PD2DSCH/PD2DSS transmission provides superior PD2DSCH demodulation performance comparing to the SFN resource allocation approach and results in higher MCL.
Proposal 4
· Continue study of SFN and FDM based transmissions of synchronization channel/signals taking into account system level statistics such as difference in received power and time of arrivals.
6 Conclusions

In this contribution, we provided our resource allocation for synchronization signals and channel. Based on our discussion and analysis we have following proposals:
Proposal 1
· Time division multiplexing is used to multiplex D2DSS signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).
Proposal 2
· The PD2DSS/SD2DSS spacing and positions are different from legacy PSS/SSS in cellular operation.
Proposal 3
· Two subframes are recommended for PD2DSCH transmission to improve performance and robustness of synchronization channel.
Proposal 4
· Continue study of SFN and FDM based transmissions of synchronization channel/signals taking into account system level statistics such as difference in received power and time of arrivals.
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Appendix A - Link Level Evaluation Assumptions
In this section, we provide simulation assumptions for link level evaluation results. The assumptions used for analysis are summarized in tables below.
Table 3: Link level simulation assumptions

	Parameter
	Values

	Channel model
	IMT UMi CDL, Speed 3 km/h

	Number of antennas
	1TX, 2RX

	Physical channel
	PUSCH physical channel: 6 PRBs

	CP Type
	Extended CP

	Channel estimation
	Practical channel estimation

	FEC
	Number of subframes impact on PD2DSCH (Figure 3): TBCC, CRC = 16 bits, TBS 30, 50 bits
SFN vs. FDM impact on PD2DSCH (Figure 5): TBCC, CRC = 16 bits, TBS 50 bits 

	Sync symbol number
	Number of subframes impact on PD2DSCH (Figure 3): 4 (2 SSS, 2 PSS in DMRS symbols)
SFN vs. FDM impact on PD2DSCH (Figure 5): 2

	QoS target
	1 % Residual BLER

	Synchronization
	Propagation delay difference not taken into account (zero time offset between signals)


Table 4: MCL calculation template

	Parameter
	Values

	Transmitter
	

	(1) Tx power (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	Depends on number of allocated PRBs

	(6) Effective noise power = (2) + (3) + (4) + 10 log10(5) (dBm)

	(7) SINR (dB) 

	(8) Receiver sensitivity  = (6) + (7) (dBm)

	(9) MCL = (1) ( (8) (dB)
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