2021 IPNT Conference

{0{0
$fo



Error correction codes
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Error correction codes

GNSS Error Correction Code

Output Data A

Convolutional
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5G NR Error Correction Code
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Low comg
Bad Jamming GNSS Channel

R performance

Wouldn't we need High complexity, Good FER performance codes such as polar codes ?




LDPC Codes

R. 6. Gallager D. J. C. Mackey

* Low density parity check (LDPC) codes

« 1962'A R. Gallager?t X 2t, 1990 D. MacKaydi| 2|3H XH & 4

- B30] 207t S0 2 8%, 85 555 SOl M2 SF(A=2 2H)0| 28 ds= 2
- Oi2[E] AAtHE W M2 (low density) 2| 12 74

- 28 =0

. 2M EAl (ex. ETSI DVB-S2, IEEE 802.11n(wifi), 5G NR data channel, GPS L1C, BEIDOU B1C, B2a)
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Channel codes
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[52,9] extended BCH
[51,8] BCH

[246,214],5 RS

[600 300] convolutional(171, 133)

[1200,600] LDPC
[584,274] LDPC
LDPC (code length: 1000~30000)

Polar (code length: <1000)
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GNSS jamming channel

(Channel estimation cannot be trusted

| Channel 277
estimator
Jammer 1
. " > Despreading ECC
Transmitter I &Demodelation decoding

FER performance with mismatched channel information (SNR) is one of the FoM for
GNSS channel codes



Channel estimation for channel
decoding

« Do not need channel estimation for channel decoding: BCH(ML soft decision decoding), RS((Hard
decision)BM decoding), Convolutional(Soft decision Viterbi decoding in AWGN)

Received data | Channel

(soft or hard) | Decoder

* Need channel estimation for channel decoding:
LDPC((Soft decision) BP decoding), Polar((Soft decision) CRC aided SCL decoding)

Received data Channel

v

(soft) Decoder

a

Channel Noise information
Estimator | (estimated Eb/NO)




Channel estimation for channel
decoding
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Channel estimation for channel

decoding

Type1l:
RS(BM decoding)

A

Type2:
BCH(ML decoding),

Convolutional(Soft

AWGN
Channel
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Do not need channel estimator

Decoder
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| (Hard decision)
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Simulation setting

AWGN Channel Received data R Channel

Mismatched channel Eb/NO= x dB (soft) Decoder
estimation (+5dB)

Channel Estimated Eb/NO ‘
Estimator x+5dB

AWGN Channel | Received data , Channel
Eb/NO= x dB (soft) Decoder

Correct channel
estimation

Channel Estimated Eb/NO ‘
Estimator x dB

AWGN Channel | Received data Channel
Eb/NO= x dB (soft) Decoder

a

v

Mismatched channel
estimation (—5dB)

Channel Estimated Eb/NO
Estimator x—5dB




L.DPC FER in mismatched SNR

v LDPC 2 &= mismatched SNRO|| O F &&t




Polar FER in mismatched SNR

v Polar £ = mismatched SNRO|| O &2 Qlst




Compare with other GNSS codes
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SNR ZHQEI} U= SANA = 259 LDPC 59| FERS =4

v' Mismatched SNROIIA 2l &= Z3=2t= LDPCOIA 0| Edot) = F30iHdes H2 &
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