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1. Introduction

In the last RAN1 meeting (RAN1 #79), the details of the D2D synchronization signal design were completed and informed to RAN4 in the LS R1-145478. The synchronization signal consists of the physical signals PSSS and SSSS (referred to as PD2DSS and SD2DSS, respectively, previously in RAN1), and a physical channel PSBCH (referred to as PD2DSCH previously in RAN1).

For SSSS, it was agreed in RAN1 that waveform is SC-FDM without DFT-precoding and with reduced power with respect to PSSS. Thus the SSSS waveform differs from PUSCH waveform and will have a higher PAPR/CM, for which having an MPR was agreed in RAN1. In the LS R1-145478, RAN1 has requested RAN4 to decide the value of MPR for SSSS, suggesting it could be based on PAPR/CM (i.e., based on waveform power de-rating). 
	RAN1 agreements related to MPR for SSSS [R1-145478]

	For SD2DSS,
· Sequence: Same sequence as Rel-8 SSS
· Waveform: SC-FDM without DFT-precoding with reduced power with respect to PD2DSS
· Number of symbols in a subframe is 2

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


In this contribution, we present our simulation results for MPR for SSSS. The results are based on analysis presented for both the CM of SSSS (as suggested by RAN1) and PA simulation results. 
2. Background 

In this section, we provide a brief background of D2D synchronization signal design as agreed in RAN1, and SSSS signal design in particular. Figure below depicts the subframe containing the transmission of D2D synchronization signals for both D2D discovery and D2D communications. 
For SSSS (sidelink secondary synchronization signal), the following agreements were made:
Sequence: is same as Rel-8 SSS (M sequence) of length 62. There are a total of 336 SSSS sequences divided into two sets of 168 sequences corresponding to an in-coverage set and an out-of-coverage set.
Waveform: SC-FDM without DFT-precoding with reduced power with respect to PSSS.

Physical mapping: SSSS sequences are of length 62 are centered on d.c. SSSS is transmitted on two symbols per subframe (with SF0 sequence of Rel-8 SSS sequence transmitted on both the symbols) as shown in Figure 1 below. The two symbols with SSSS are adjacent and specified as follows:

· Normal CP: l = 4 and 5 in the second slot
· Extended CP: l = 3 and 4 in the second slot
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Figure 1: Subframe with transmission of D2D synchronization signals.
Since SSSS is not DFT-precoded, RAN1 agreed that SSSS is transmitted with reduced power with respect to PSSS (and PSBCH). Note that this decision was made in RAN1 cognizant of the performance impacts and the expected backoff of ~4.5 based on CM difference [R1-145061].
3. MPR for SSSS

In this section, we derive the MPR for SSSS. The proposal is based on PA simulation results (consistent with RAN4 methodology for LTE). Furthermore, we also compare the cubic metric (CM) [9] of SSSS as suggested by RAN1. It is observed that the PA simulation results exhibit a good correlation with the MPR suggested by CM.

Note that channel bandwidths of 5, 10, 15, and 20 MHz have been agreed for D2D in Rel-12. Hence the discussion and proposal on MPR for SSSS is limited to these channel BWs. 

3.1. Cubic metric of SSSS

Figure 2 below compares the cubic metric (CM) of the 336 SSSS waveforms with the CM of PUSCH QPSK modulated symbols with the same RB allocation. The maximum difference in CM is observed as 4.5dB. Thus, for similar non-linear performance (e.g., w.r.t. IBE, EVM, ACLR etc.) as PUSCH with same allocation, a waveform power de-rating of 4.5dB would be required for SSSS.
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Figure 2: Cubic metric of SSSS sequences compared with PUSCH (QPSK) symbols with same allocation
Note that for channel BWs of 5, 10, 15, 20 MHz, the MPR for PUSCH QPSK with 6 RB allocation is 0dB [TS36.101, Table 6.2.3-1]. Hence, an MPR of 4.5dB is estimated based on the higher CM of SSSS. 

Observation 1: MPR for SSSS is estimated as 4.5dB based on the higher CM of SSSS waveform compared to PUSCH (QPSK) with the same RB allocation.
3.2. PA simulation results

In this section, we provide the results for PA simulations to derive MPR for SSSS, simulating all the SSSS waveforms and checking for Tx emissions requirements (ACLR, SEM, Spurious, IBE) of the PA output waveform to meet the current specifications. Simulation assumptions used were as follows:
· PA operating point: with fully allocated REL-8 100RB QPSK signal, UTRAACLR1 = 33 dBc with antenna connector Pout = 22 dBm

· Carrier frequency: 2 GHz

· Modulator LO leakage: As per Table 6.5.2.3.1-1 of TS 36.101 [7]
· Modulator IQ image: As per Table 6.5.2.3.1-1 of TS 36.101 [7]
Figure 3 below shows the simulated MPR needed for SSSS for channel BW of 10MHz. MPR required for each of the SSSS sequence required is shown individually. Following observations were made:

· MPR was required due to violation in in-band emission requirements in all the cases. This is because the SSSS is mapped to the central 6 RBs. Hence for channel BWs of 5 MHz and higher, it is expected that out-of-channel emissions (ACLR, SEM, spurious) will not be a bottleneck. IBE, however, is the bottleneck due to the increased PAPR/CM of SSSS. For the same reason, there is no need for a different A-MPR simulations for SSSS.
· As can be seen from the figure below, the MPR simulation results matches closely with the increased CM of SSSS sequences. In particular, note that the sequences with higher CM also require higher MPR (i.e., peaks align below).
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Figure 3: Simulation results on MPR for SSSS (for channel bandwidth of 10MHz)
Observation 2: PA simulations results on MPR for SSSS show that ~4dB MPR is required for channel bandwidths of 5 MHz and higher. 

· The need for MPR is  to meet the IBE requirements

· Results show a good correlation with the increased CM of SSSS sequences.
Figures below show the simulations results for all channel BWs. As a minor point, it may be noticed that the required MPR is lower when NRB (transmission bandwidth configuration) is odd, i.e., 5 MHz and 15 MHz below, since more guard tones are present in this case to the first fully-unallocated RB (11 guard tones in 5/15 MHz vs. 5 guard tones in 10/20 MHz). For simplicity, the proposal on MPR is chosen to be consistent for all channel BWs of 5 MHz and higher.
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Proposal 1: The MPR allowed for SSSS shall be 4dB for channel bandwidths of 5 MHz and higher.
4. Conclusions

In this paper, we presented simulation results for MPR needed for SSSS with the following observations and proposals:
Observation 1: MPR for SSSS is estimated as 4.5dB based on the higher CM of SSSS waveform compared to PUSCH (QPSK) with the same RB allocation.
Observation 2: PA simulations results on MPR for SSSS show that ~4dB MPR is required for channel bandwidths of 5 MHz and higher. 

· The need for MPR is  to meet the IBE requirements

· Results show a good correlation with the increased CM of SSSS sequences.
Proposal 1: The MPR allowed for SSSS shall be 4dB for channel bandwidths of 5 MHz and higher.
5. References

[1] 3GPP TS 36.101, “E-UTRA: UE radio transmission and reception”, v12.6.0, Jan. 2015
[2] 3GPP TS 36.211, “E-UTRA: Physical channels and modulation”, v12.2.0, July 2014.

[3] R1-060023, “Cubic Metric in 3GPP-LTE”, Motorola, Jan. 2006. 

[4] R1-051088, “Coverage comparison between UL OFDMA and SC-FDMA”, Nokia, Oct. 2005

[5] R1-082945, “UL multiple access schemes for LTE-A”, LG Electronics, Aug. 2008

[6] R1-145478, “LS on D2D Synchronization Signal Design and Procedure”, RAN1, Nov. 2014
[7] R1-145061, “D2DSS signal design”, Qualcomm, Nov. 2014
6. Appendix: TP for TR 36.877 
Following is the TP corresponding to Proposal 1 to Section 6.2.3 of TR 36.877
---- START OF TP ----


6.2.3
UE maximum output power for modulation / channel bandwidth 
Maximum Power Reduction (MPR) is specified as the maximum allowed power reduction to the maximum output power (for UE power class 1 and 3) due to higher order modulation and transmit bandwidth configuration (resource blocks). 
MPR for SSSS
For SSSS (sidelink secondary synchronization signal), physical layer design is as follows:

Sequence: is same as Rel-8 SSS (M sequence) of length 62. There are a total of 336 SSSS sequences divided into two sets of 168 sequences each corresponding to an in-coverage set and an out-of-coverage set.

Waveform: SC-FDM without DFT-precoding with reduced power with respect to PSSS.

Physical mapping: SSSS sequences are of length 62 are centered on d.c. SSSS is transmitted on two symbols per subframe (with SF0 sequence of Rel-8 SSS sequence transmitted on both the symbols) as shown in Figure 6.2.4C-1 below. The two symbols with SSSS are adjacent and specified as follows:

· Normal CP: l = 4 and 5 in the second slot
· Extended CP: l = 3 and 4 in the second slot
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Figure 6.2.4C-1: Subframe with transmission of D2D synchronization signals.
PA simulation results on MPR for SSSS

	Company Simulation Results
	MPR for SSSS (dB) / Channel bandwidth (MHz)

	
	1.4 MHz
	3.0 MHz
	5.0 MHz
	10 MHz
	15 MHz
	20 MHz

	Qualcomm (R4-150189)
	
	
	≤ 4
	≤ 4
	≤ 4
	≤ 4

	
	
	
	
	
	
	

	Average
	
	
	≤ [4]
	≤ [4]
	≤ [4]
	≤ [4]


---- END OF TP ----
Following is the TP corresponding to Proposal 1 to Appendix A of TR 36.877.
---- START OF TP ----
6.2.3C
UE maximum output power for modulation / channel bandwidth for ProSe
The allowed MPR for the maximum output power for ProSe physical signal SSSS is specified in Table 6.2.3C-1.

Table 6.2.3C-1: Maximum Power Reduction (MPR) for SSSS for Power Class 1 and 3
	Channel bandwidth
	MPR for SSSS (dB)

	1.4 MHz
	

	3.0 MHz
	

	5.0 MHz
	≤ [4]

	10 MHz
	≤ [4]

	15 MHz
	≤ [4]

	20 MHz
	≤ [4]


---- END OF TP ----
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