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Background

• We have already proposed IEEE 802.15.4 SUN FSK Low Rate (LR) and SUN 
OFDM LR in 15-25/0035r0

• In these proposals, SHR( Synchronization Header) uses the SFD used in the 
existing 802.15.4 SUN FSK

• The synchronization characteristics of this SHR at the receiver side were 
evaluated in 15-25/0150r1

• However, after further consideration, a better SHR was discovered based on 
Golay sequence. This contribution document demonstrates the synchronization 
characteristics of this new method

• Additionally, as reference data, we present the cross-correlation characteristics 
between the proposed SHR and the SFD used in the existing 802.15.4 SUN FSK
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flip(SFD3) circshift(SFD1, –4) circshift(SFD4, –4)

Preamble data = [0101…] 15.4ad SFD

112 bit 48 bit

0111 0010 1111 0110 0000 0100 1110 1001 0011 0010 1101 0110
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Preamble+SFD correlator

SFD

Threshold
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Golay sequence

• Constructed using a pair of complementary symbols a and b [2]
• The sum of the autocorrelations of symbols a and b is completely orthogonal
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Golay seq. a

Golay seq. b

Golay seq. a correlator

correlator Complementary orthogonalGolay seq. b
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160 bit = 160 symbol SFD: Start Frame Delimiter

Golay seq. a Golay seq. b

Value 0x63AF05C963500536 0x6CA00AC66C5F0A39

The sequence is based on [1]

Preamble data = [0101…]

32 bit 64 bit

Golay seq. a

64 bit
Preamble SFD

Golay seq. b
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A synchronization method for new SHR at 
the receiver 
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Golay
Seq. a

Golay
Seq. b

correlator

correlator

Golay Seq. a

Delay

Preamble

Threshold

32 bit 64 bit 64 bit

160 bit

Golay Seq. b
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FA (False Alarm), MD (Miss Detection), and
Threshold for proposed SHR

• FA and MD characteristics below 10-1 achieve with threshold = 80 
• 2GFSK, SNR = 0 dB, AWGN
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SNR and received signal power conversion

• In the case of Noise Figure (NF) =0dB and bandwidth =31.25/3 kHz, noise 
power should be -133.8 dB

• The conversion between SNR and received signal power is shown as follows
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SNR(dB) Received power (dBm)
-10 -143.8 dBm
-5 -138.8 dBm
0 -133.8 dBm
5 -128.8 dBm
10 -123.3 dBm
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FA, MD Characteristics 
(2GFSK, w/o FEC, AWGN)
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15.4g SFD Proposed Golay-based SFD

• The required SNR is 0 dB (received power -133.8 dBm) to achieve error rate of 10-1 by using 
proposed SFD.

• When using Golay-based SFD, approximately 4.5 dB margin can be gained in frame synchronization 
compared to 15.4 g SFD
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FA, MD Characteristics 
(2GFSK, w/o FEC, AWGN)
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• The required SNR is 0 dB (received power -133.8 dBm) to achieve error rate of 10-1 by using 
proposed SFD.

• When using Golay-based SFD, approximately 2 dB margin can be gained in frame synchronization 
compared to 15-25/0150r1SFD

15-25/0150r1 Proposed Golay-based SFD
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FA, MD Characteristics 
(BPSK, w/o FEC, AWGN)
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15.4g SFD Proposed Golay-based SFD

• The required SNR is -7 dB (received power -140.8 dBm) to achieve error rate of 10-1 by using 
proposed SFD.

• When using Golay-based SFD, approximately 7 dB margin can be gained in frame synchronization 
compared to 15.4 g SFD
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FA, MD Characteristics 
(BPSK, w/o FEC, AWGN)
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• The required SNR is -7 dB (received power -140.8 dBm) to achieve error rate of 10-1 by using 
proposed SFD.

• When using Golay-based SFD, approximately 4 dB margin can be gained in frame synchronization 
compared to 15-25/0150r1SFD

15-25/0150r1 Proposed Golay-based SFD



15-25-0247-01-04ad

Submission

Required SNR and power 

May 2025

Slide 15 H. Harada (Kyoto University)

Required 
error rate

AWGN
Required SNR(dB) Required power(dBm)

FSK 10-1 0 -133.8

BPSK 10-1 -7 -140.8 
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Correlation characteristics 
when using proposed SHR (Kyoto Univ.)
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moderate cross-correlation peak with mandatory 15.4g SFD
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Correlation characteristics 
when using 15-25/0150r1 SHR (Kyoto Univ.)
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Good cross-correlation
against 15.4g preamble Good image rejection

Good
auto-correlation

moderate cross-correlation peak with 15.4g SFD
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Correlation characteristics 
when using 15-24/0651r0 (TI)

May 2025

Slide 18 H. Harada (Kyoto University)



15-25-0247-01-04ad

Submission

May 2025

Slide 19 H. Harada (Kyoto University)

uncoded

coded

mandatory optional

• Received signal: 15.4g preamble + 15.4g SFD1 [2]
• Waiting signal: SFD 1,2,3,and 4

Correlation characteristics when using 15.4g SFD
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