(e

BordeaAux

DEVELOPMENT OF A 5G CHAIN
USING AFF3CT

Joachim Rosseel, 2025



5G standard overview

Transport
layers

Physical
layers

(r22cc2 . AFF3CT Day | Joachim Rosseel | 19/11/2025

UCI UL-SCH RACH BCH DCI PCH DL-SCH
PUCCH PUSCH PRACH PBCH PDCCH PDSCH
vreenns -
Up-link .., - Down-link

. UL-SCH + PUSCH for data user transmission &

+ UCI + PUSCH for control data
: + Detailed synchronization ?
............................................................................... . 2




5G standard overview
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: « Physical Broadcast Channel

« For transmitting system information to access the network
: « Detailed synchronization process

» After synchronization, others down-links chains are used
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OFDM synchronization (until now)

To know start of an emitted OFDM signal: Preamble symbol [Schimd|1997]
« Emission: OFDM special symbol placed before each frame (several OFDM symbols)
* Receiver:
« Use preamble periodicity to obtain a correlation maximum
- Estimated start = max. correlation, and its angle = Coarse CFO estimation
» Typically use for OFDM based communication, like Wifi (802.11)

 However, for 5G standard, different procedure
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PBCH synchronization

To know start of an emitted OFDM signal: Synchronization Signal Burst
« Emission: creation of the burst
* One burst = several OFDM symbols, with 240 sub-carriers
» Presence of DeModulation Reference Symbols (DMRS) pilots, for equalization
— Same equalization method as in implemented PUSCH chain (MMSE)

 Data depends of network cell ID
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PBCH synchronization

To know start of an emitted OFDM signal: Synchronization Signal Burst

« Emission: creation of the burst
* One burst = several OFDM symbols, with 240 sub-carriers
* Presence of DeModulation Reference Symbols (DMRS) pilots, for equalization

— Same equalization method as in implemented PUSCH chain (MMSE)

« Data depends of network cell ID

» Receiver: Correlation of received burst with each possible burst
* ldentify network cell ID

 Max. correlation — Estimated start
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PBCH chain overview
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Synchronisation Signal Burst

Composed of several OFDM symbols, regrouped into Synchronization Signal block

Synchronization signal block : 4 OFDM symbols, 240 sub-carriers, 4 types of data
1. Primary Synchronization Signal
2. Secondary Synchronization Signal
3. DMRS symbols

4. Data from BCH encoding
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Synchronisation Signal Burst

Composed of several OFDM symbols, regrouped into Synchronization Signal block

Synchronization signal block : 4 OFDM symbols, 240 sub-carriers

1. Primary Synchronization Signal

« 127 BPSK symbols

 Located between sub-carrier 56 and 183

« Values depend of cell ID
= 3 signals possibles

« Used at reception for correlation to
estimate CFO and frame start, and

to identify cell
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Synchronisation Signal Burst

Composed of several OFDM symbols, regrouped into Synchronization Signal block

Synchronization signal block : 4 OFDM symbols, 240 sub-carriers

2. Secondary Synchronization Signal
« BPSK symbols

« Same sub-carrier location as primary 150

200

Subcarrier

synchronization signal

« Placed in the 3rd OFDM symbol

._.I
(=]
o

« Values depend of cell ID >0

= 1005 signals possibles 0
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OFDM symbol

* Used to identify cell
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Synchronisation Signal Burst

Composed of several OFDM symbols, regrouped into Synchronization Signal block

Synchronization signal block : 4 OFDM symbols, 240 sub-carriers

3. DMRS symbols
 QAM symbols

* 144 DMRS, values depend of cell ID
» Gold sequence (pseudo-random)
« DMRS spaced by 4 sub-carriers

= 60 in 2d and 4th OFDM symbol

= 24 in 3rd OFDM symbol
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Synchronisation Signal Burst

Composed of several OFDM symbols, regrouped into Synchronization Signal block

Synchronization signal block : 4 OFDM symbols, 240 sub-carriers

4. Data from BCH encoding
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« Scrambling step to be implemented

= Initialization depends of cell ID 50
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Synchronisation Signal Burst

Placement of Synchronization Signal block in burst depends of sub-carrier spacing

Example with 30 kHz sub-carrier spacing
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PBCH synchronization

 Receiver: Correlation of received burst with candidates PSS
* ldentify network cell ID

 Max. correlation = Estimated start

* To obtain a candidate PSS : Multiple CFO candidates tested
» Take 1 of the 3 possible PSS
» Applied a candidate CFO
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PBCH synchronization

 Receiver: Correlation of received burst with candidates PSS
* ldentify network cell ID

 Max. correlation = Estimated start

* To obtain a candidate PSS : Multiple CFO candidates tested
» Take 1 of the 3 possible PSS
» Applied a candidate CFO

= Maximum correlation with a candidate PSS = coarse CFO estimation
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PBCH synchronization : algorithm

For each CFO candidate
» Correct received signal with it
For each of the three possible PSS

1. Correlation between considered PSS and CFO corrected received signal
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PBCH synchronization : algorithm

For each CFO candidate
» Correct received signal with it
For each of the three possible PSS

1. Correlation between considered PSS and CFO corrected received signal

2. Normalize correlation by received signal energy
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PBCH synchronization : algorithm

For each CFO candidate
» Correct received signal with it

For each of the three possible PSS

1. Correlation between considered PSS and CFO corrected received signal
2. Normalize correlation by received signal energy

3. If current max correlation > stored max correlation

= New best PSS candidate and CFO coarse estimation (current one)
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PBCH synchronization : algorithm

For each CFO candidate
» Correct received signal with it
For each of the three possible PSS

1. Correlation between considered PSS and CFO corrected received signal
2. Normalize correlation by received signal energy
3. If current max correlation > stored max correlation

= New best PSS candidate and CFO coarse estimation (current one)

= Start of frame calculated with position of current max correlation
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PBCH synchronization : algorithm

» Correlation between known PSS and received sync. burst corrected with CFO candidate
= Max among all PSS and CFOs : Estimated start and CFO coarse estimation

» Candidates CFO spaced by half a sub-carrier
= What if real CFO is between two half sub-carrier ?

= Need of a finer CFO correction
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PBCH synchronization : algorithm

» Correlation between known PSS and received sync. burst corrected with CFO candidate
= Max among all PSS and CFOs : Estimated start and CFO coarse estimation

» For a finer CFO estimation: use of cyclic prefix of PSS

arg(conj(PSS[0:CP])*PSS([240:240+CP])
27N ¢,

Residual CFO estimation =

= Finer CFO = CFO coarse + Residual CFO
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PBCH equalization

To equalize the received signal with DMRS pilots
» First, OFDM demodulation and extract DMRS symbols

* For each DMRS pilot sample p: channel estimation

_ DMRSyyf, (1)
P fi ~ DMRSp, 7, ()

with f, = sub-carrier k
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PBCH equalization

To equalize the received signal with DMRS pilots
» First, OFDM demodulation and extract DMRS symbols

* For each DMRS pilot sample p: channel estimation

_ DMRSyyf, (1)
P fi ~ DMRSp, 7, ()

with f, = sub-carrier k

» Averaging per sub-carrier, if a DMRS symbols is transmitted on it (DMRS
transmitted all 4 sub-carriers)

. 1 .
Have £, = Npf, 2p 0.1,

— Channel coefficient for each sub-carrier with DMRS transmitted on it
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PBCH equalization

To equalize the received signal with DMRS pilots

* Minimum Mean Squared Error (MMSE) [Mark2003] for f, used for DMRS pilots

~

H*
avg, f
Wee = : = X W YFL

K ~
52+‘H

2
ve i
— AWGN noise taken into account in Wy,

— Need noise variance estimation, obtained by

- 1 g 2
p

With N,, = Number of transmitted DRMS symbol
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PBCH equalization

To equalize the received signal with DMRS pilots

* To equalize data symbol y;, :
* Linear interpolation of w; with estimated ones

* Then: Xp EWr Vr,
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PBCH chain: Results

Parameters
» 240 sub-carriers
* 140 OFDM symbol in the burst
« Cell ID =313
« 30 kHz sub-carrier spacing
* Number of synchronization block = 8
« Delay = 1000 samples
-« CFO=10"°
« 12 CFO candidates, between — 3.9 x 1073 and 3.3 x 1073
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PBCH chain: Synchronisation metric

8 pics < 8 PSS < 8 Synchronization block

Start when Sync. metric = threshold

= Typically at 1st PSS

1st PSS symbol = 4th OFDM symbol

Amplitude de la corrélation normalisée
o
MJ
o

= Zero padding before 0.15 ;
_ 3 0.10
 Best coarse CFO candidate = 1.3 x 10~
0.05
 Finer CFO correction = 0.00102959 0.00 A
0 5000 10000 15000 20000 25000 30000 35000
* Delay and cell ID also well estimated Echantillons OFDM
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PBCH chain: Constellation

* Multiple clouds in non equalized signal :

2 signal non égalisé
« BPSK in center = PSS and SS e i 5:32:[ zgzligea =
* QAM = DMRS and 5
* Equalized signal : Data symbols @
£ 0-
= Rotation corrected by equalizer E
-9 :
P
-4
-4 ¥ 0 2 4
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Conclusions and Perspectives

Software PBCH chain functional

Study code parallelization

= Test of CFO candidates in parallel

Study and implement BCH layer

Hardware in the loop test with BCH/PBCH chain

Measure energy consumption of the chain
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