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1. Introduction

In this contribution, we discuss and analyse power backoff needed for secondary sidelink synchronization signal (SSSS) relative to the primary sidelink synchronization signal (PSSS) and PSBCH channel. This analysis was requested by RAN1 WG in [1]-[2], based on the following agreement:

Agreement:

· For SD2DSS:

· A maximum power backoff will be specified for SD2DSS w.r.t. PD2DSS, with the value to be decided by RAN4

· It is up to UE implementation when to use the maximum power backoff

· Inform RAN4 that the maximum power back off for SD2DSS due to PAPR/CM is to be decided by RAN4 

· RAN4 may consider PAPR/CM reduction techniques when deciding the value

Note: Companies are free to submit proposals based on additional tones in RAN4. 
Motivated by RAN1 WG agreement, we analyse peak to average power ratio (PAPR), cubic metric (CM) for the signals that are transmitted in D2D synchronization resources. In addition, we determine power amplifier output backoff (PA OBO) based on out of band emission criteria. Finally, we conclude with the required power backoff values for SSSS signals relative to PSSS signal, as well as the required power backoff values for ExtSSSS signals relative to SSSS signals.
2. Overview of D2D Synchronization Signals/Channels
For the sake of D2D synchronization, the following synchronization signals and physical channels can be used:

· Primary Sidelink Synchronization Signal (PSSS) – this signal is generated based on one of the two ZC sequence root indexes {26, 37} and occupies 62 REs in the centre of the system bandwidth. The following root indexes was used to generate the signal. These root indexes were selected by RAN1 WG to optimize cross and auto correlation properties as well as PAPR and CM of PSSS signal.
· Secondary Sidelink Synchronization Signal (SSSS) – The SSSS signal is generated based on cellular SSS sequence and represented by BPSK modulated sequences in frequency domain (i.e. w/o DFT pre-coding). Similar to PSSS and cellular SSS, this signal occupies 62 REs in frequency domain. This signal is likely to have bad PAPR and CM properties since it is essentially a pseudo-randomly modulated BPSK OFDM signal.
· Physical Sidelink Broadcast Channel (PSBCH) – The physical structure of PSBCH is similar to 6 PRBs DFT pre-coded and QPSK modulated PUSCH with the exception that last symbols is punctured and 4 symbols are multiplexed in time with 2 PSSS symbols and 2 SSSS symbols as shown in Figure 1.
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Figure 1: Physical structure of PSSS/SSSS/PSBCH (Normal CP – left side, Extended CP – right side).
3. PAPR and CM Analysis of D2D Sync Signals/Channels

As an initial performance indicators, we analysed PAPR and CM [3] of each of the synchronization related signal. Given that the PSBCH and SSSS synchronization signals use different number of tones 72 and 62 respectively, we assumed that in order to reduce PAPR and CM of SSSS, it is possible to transmit 10 additional tones with phase values selected to minimize CM of SSSS signals. The analysis of the PAPR and CM values for PSSS, SSSS, PSBCH Data and PSBCH DMRS is shown in Figure 2.
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Figure 2: Distribution of CM and PAPR for different D2D sync signals (CM – left side, PAPR – right side)
Analysing results presented in Figure 2, we have following observations:

Observation 1:

· CM and PAPR values of SSSS is substantially higher comparing to the PSSS and DFT pre-coded and QPSK modulated data occupying 6 PRBs (1.5dB – 5dB difference depending on SSSS ID).

· PAPR of SSSS with additional tones is similar to the PAPR of DFT pre-coded QPSK data (PSBCH channel)

· CM of SSSS with additional tones improves on 1-3.5dB relative to SSSS signals w/o additional tones which compensates the 62/72 = 0.65 dB loss due to utilization of additional tones.
Based on the conducted analysis, we can see that usage of additional tones can provide significant reduction of CM and thus may require lower PA backoff comparing to the case when no additional tones are used.

In the next section we analyse difference in PA OBO needed for different types of signals.
4. PA OBO Analysis
In this section, we use the out-of-band emission of PSSS as the criteria and analyze the PA power backoff of SSSS. In addition, we use the out of band emission of various SSSS signals as the criteria and analyze the PA power backoff of various ExtSSSS signals.

A PA model in the 2GHz range is used in this study. The PA operating point is set to meet UTRA ACLR1, UTRA ACLR2, and E-UTRA ACLR at full output power for full RB allocations with 20MHz bandwidth using QPSK. The following table lists the simulation assumptions.
Table 1: Simulation assumptions

	Parameter
	Value

	LO leakage
	-25dBc

	IQ imbalance
	-25dBc

	CIM3
	-60dBc


RF simulations are run to find out the PA power backoff values, such that the out-of-band emission of SSSS/extSSSS signal meets the criteria. 
[simulations are still ongoing …]
Observation 2:

· The PA output backoff value for SSSS is xdB relative to PSSS.
· The PA output backoff value for ExtSSSS is ydB relative to SSSS.
Open question:
· Since PSSS, SSSS with a given index and extSSSS with a given index are deterministic signals, their spectrum fluctuate dramatically. How to determine the power backoff is needed by comparing two deterministic signals?
5. Recommendation on Maximum Power Backoff
Our analysis, presented in sections 4 and 5 shows that …..
Based on performance data we suggest the following Maximum Power Backoff  value e.g. < z dB when additional tones are used …
6. Conclusions

In this contribution, we have provided …. 
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