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Abstract—This_paper proposes a novel alternative to_the achievable ransmission mronghpulishmuedby the processing
Logarithmic Bahl-C ke-JelinekRaviy (Log BCIR) algorithon throughput of the iterative Secoding algorithm, if realtime
for ;:;;“;‘:;‘:';i ,.’J;.M\"'iﬁni"ﬂ:'ﬂﬁé'f&’“'pved processing  gperation is required. Furthermore, the iterative decoding al-
throughott 2, e forvards-bckvs N aner, worith’s processing laency mposes a limit upon the end-o.
heorithm operates e y-parallel maner,PrOCES B0 Tatency. This s particularly lovant, since multi-gigabit
R amponents ofthe turbo cof ‘he same time- ransmission throughputs and iiraclow end-to-end latencies
algorithm is compatible with all ‘turbo codes, including those can be expected o be targets for next-generation wireless
of the LTE and WIMAY standards. These tandardized codes  communication ‘tandards [8]. Therefore. there 1% a demand for
employ odd-even interleavers, facilitating & hovel technique FOr jieragi N iy " N
‘Teducing the complexity of ‘he proposed algorithim bY 06, More iterative decoding algorithms having. ‘multi-gigabit processing
specifically, odd-even interleavers allow the proP sed algorithm throughputs and ultra-low processing latencies.
{0 alternate between processing the d-indexed bits of the first Owing to the inherent parallelism of the ‘min-sum algorithm,
component code at the Same ime as the even-indexed bits of the it may be operated in a fully-P arallel manner, facilitating LDPC
m’ﬁpn‘;ua Mwh‘;‘m e cm":,‘;rgc o “:‘Zal"“':l’:rﬁ docoders having processing hroughputs of up 1 162 Gbits
fully PRl rformance as (he et turbo decoding 01, By contrast, the processing hroughput of turbo decoders
algorithm. Owing to its * anficandly inereased paralldlisn, W2 s limited by the ‘nherently serial nature of the Log BCIR algo-
proposed algorithm ‘acilitates throughputs and latencies that are rithm, which is imposed by the data dependencies of its forward
RO Yo S6 times superior o (h0SE (€ the state-of-(he vt Sigorithm, and backward recursions 4], While a number of techniques
e B ity and resouree 2 irement. BCIR algorithm, the tate-of the-art LTE wrbo decoder [10]
X o hieves a processing throughPut of just 2.15 Gbis. These
Index Terms—Tarbo codes, iterative decoding, parallel algo-  echniques include shuffied iterative decoding (1], sub-block
rithms, throughputs WiIMAX.
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L INTRODUCTION oth recursions of both onvolutional codes 10 b¢ performed
cimultaneously, as well a8 ‘lowing the recursions © consider
everal turbo-encoded bits per period. However, in each
e the data dependencies of (e Torward and backward recur-
one require the turbo-encoded o1 ‘of cach convolutional cod®
o be processed srially. spread OVEE umerous consecutive ime
periods. As a resull {housands of time periods are required 10
Domplete the iterative decoding process of the state-of-heart
wurbo decoder of [101-

This motivates the novel wrbo ecoder algorithm of this
paper, which dispenses with the recursions of the Log-BCIR
algorithm and the " esociated data dependencies, facilitating
fully-parallel turbo decoding. More specifically, the proposed
fully-parallel wrbo decoder “igorithm is capable of PrOcessine
all bits corresponding 1o both nvolutional codes at the same
e, The proposed fully-paralle gorithm s compatible vith
‘1 tarbo codes, including hose 5t the LTE and WiMAX
andards. These standardized tarbo codes employ odd-ever

5 interleavers, facilitating ovel technique for reducing the
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DUR‘NG he past two decades, WirclesS communication
has been revolutionized bY “hannel codes that benefit
Trom iterative decoding wigorithms. For_example: he Long
“Torm Evolution (LTE) [1] and WIMAX [2] cellular telephony
tandards employ tibo codes {31, which comprise @ conea'e”
ation of two comvolutiond! " odes. Conventionally: the LOE
rithmic ‘Bahl-Cocke-Jelinek-Raviv (Log-BCIR) algorithm (4]
s employed for the iterative ecoding o these convolutiond!
oodes. Meanwhile, the Wirt standard for Wircless Local Area
Networks (WLANS) [51has dopted Low Density Parity Check
(LDPC) codes [61, which ey operate on the basis of the
‘in-sum algorithm (71 OWInE t© i strong error correction
capability, these sophisticated channel codes have facilitated re-
Table communication at SIS {hroughputs that closely
approach the capacity of iieless channel. However, e
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e Jolinek-Raviv_(LogBCIR) algorithm
Vielding significantly improved processing
e ncy. While the Log BCIR ‘processes turbo-
encoded bits in a serial ¥ wvards-backwards manner, he proposed
algorithm operates in L y-parallel manner, processing & i
bth components of the turbo eode at the same time:
algorithm is compatible e all turbo codes, ineluding those
o the LTE and WIMAX dards. These standardized codes
“mploy odd-even interleavers, e ating a novel technique for
Cetucing the complexity of the proposed algorithm bY 50%. More
Cpectfically, odd=even interlea it low the proposed algorithm
D lternate between processing e dd-indexed bits of the first
K ponent code at the same tine 2% e even-indexed bits of the
second cOI a i rthermore, the vmposed
Ty parallel algorithm is ROV, % converge to the same error
B ettion performance 45 the tote-of the-art turbo decoding
algorithm. Owing to it Senificantly increased parallelism, the
roposed algorithm faclitatcs roughputs and latencies that &
ose of the state-of-the art algorithm,
o e employed for the LTE o WIMAX turbo codes. Howerth
his is achieved at the cost of & oderately inreased comput-
{onal complexity and resource requirement.
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Index Terms—Turbo codes, terative decoding, parallel algo-
rithms, throughput, WiMAX.

1. INTRODUCTION

DUR‘NG he past two decades, WirclesS communication
has been revolutionized bY “hannel codes that benefit
Trom iterative decoding wigorithms. For_example: he Long
“Torm Evolution (LTE) [1] and WIMAX [2] cellular telephony
tandards employ tibo codes {31, which comprise @ conea'e”
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rithmic ‘Bahl-Cocke-Jelinek-Raviv (Log-BCIR) algorithm (4]
s employed for the iterative ecoding o these convolutiond!
oodes. Meanwhile, the Wirt standard for Wircless Local Area
Networks (WLANS) [51has dopted Low Density Parity Check
(LDPC) codes [61, which ey operate on the basis of the
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 Case for support — proof of concept simulation results

« Pathways to impact — “we will generate a patent from each
aspect of the project”

« Reviewer — “why haven’t you patented the proof of concept?”

« Response — “thanks for the encouragement!”

EPSR

Engineering and Physical Sciences
Research Council 4
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Patent

« Invention disclosure form on fully-parallel turbo decoder

« Faculty patent panel meeting — “we will fund the UK patent
application, but you must find a licensee so that the patent
pays for itself”

« Waited for industry to come knocking on our door...
« One year later — should we make global applications?

« Patent panel meeting — “okay, but you must step up your
efforts to find a licensee: go to California”

UNIVERSITY OF

Southampton

Research and 5
Innovation Services



UNIVERSITY OF

AScELERCOM Southampton

SUPERCHARGED WIRELESS School of Electronics
and Computer Science

SETsquared Innovation to
Commercialisation of University Research

- \‘V g .= ~

T - -Mobil ,
here Ges-4p’
AI RVANA HUAWE' coBHAM PP
federated w\rclt?‘,
i AMIMICN O\ _ ez
O &S S:';»m?sc nnnnn \‘V Ml\ YRS
_— HUAWEI > |
Nokia Net: k Nokia Networks DEVI
okia V\e wor s ARM N (ﬁ McK(ay Lo
Cellular WViaSal "ot Specialist
AIcateIiLucent / ’ BHE) e
Market & o = \ QUALCOMM o0 - Market
’ |Ns'|' s gug“s""{':g IP Vendo Hhcehard systems N sroiess
ERICSSON S .- 3 c!l’
\\ nvioia—Chip Manufacturer
KUiU BAE SYSTEMS
~~~~~~~~ Digicel g
® SAMSUNG Hardware Manufacturer 2
BUSINESS
THALES

Solution Provider

SET Suared 1C i

Supply Chain

Universities of Bath, Bristol,
Exeter, Southampton & Surrey



UNIVERSITY OF

\A CCELERCOMM SOUthamptOn

SUPERCHARGED WIRELESS School of Electronics
and Computer Science

Innovate UK Aid for Start-ups grant

« ICURe panel recommended
applying for Innovate UK funding

« Wrote a business plan, including
market research, competitor
analysis, business model, financial
forecasts, funding requirements,
milestones, IP arrangements, risk
analysis.

Business Play,

CONFIDENTIAT,

« Awarded £500k to be spent over 2
years
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3GPP 5G New Radio standardisation

e AccelerComm incorporation happened in March 2016, on
the basis of fully parallel turbo decoder patent

« Standardisation of channel coding for 3GPP 5G New Radio
began in May 2016

e AccelerComm attended 3GPP meetings to support adoption
of turbo codes in 5G NR, but ultimately LDPC and polar
codes were selected instead

e AccelerComm had to pivot to developing LDPC and polar
solutions, but in hindsight this was a bigger opportunity
than turbo codes would have been
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Benefits and challenges of contributing to 3GPP"""

« 3GPP is a very competitive environment — everybody wants to get their
patents into the standard — “standards essential patent”

« Very difficult to achieve for anybody apart from big companies, who can
form allegiances and control decisions

« But only a minority of contributors had implementation experience and
AccelerComm was able to make valuable contributions here

« Gained valuable insights into motivation for standardisation decisions
and the advanced techniques that they enable

« Able to generate “implementation essential patents”

« Also able to get AccelerComm onto the radar of important industry
players
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3GPP RAN1 #86bis

R1-1610604 WF on channel codes for NR eMBB data AccelerComm, Ericsson, Orange, IMT, LG, NEC, Sony
Revision of R1-1610545
Proposal:

- Adopt LDPC code and turbo code, to mitigate the concerns associated with the implementation of flexible LDPC

R1-1610767 Way forward on eMBB data channel coding Samsung, Qualcomm Incorporated, Nokia, Alcatel-
Lucent Shanghai Bell, Verizon Wireless, KT Corporation, KDDI, ETRI, IITH, IITM, CEWIiT, Reliance Jio, Tejas
Network, Xilinx, Sony, SK Telecom, Intel Corporation, Sharp, MTI, National Instrument, Motorola Mobility, Lenovo,
Cohere Technologies, Acorn Technologies, CableLabs, WILUS Inc, NextNav, ASUSTEK, ITL
Revision of R1-1610689
Also acceptable to Ericsson
Proposal:

e Adopt LDPC code for eMBB data channel as single coding scheme

R1-1610850 WF on channel codes = Huawei, HiSilicon, Acer, Bell, CATR, China Unicom, China Telecom, CHTTL,
Coolpad, Deutsche Telekom, Etisalat, InterDigital, III, ITRI, MediaTek, Nubia Technology, Nuel, OPPO, Potevio,
Spreadtrum, TD Tech, Telus, Vivo, Xiaomi, Xinwei, ZTE, ZTE Microelectronics
Revision of R1-1610668
Also acceptable to CATT
Proposal:

*  Polar code is supported as a channel coding scheme for NR eMBB data channel

10
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O-RAN - basestation building blocks™™

Service Management and Orchestration Framework

Legend

——— 3GPP interfaces
——— 0-RAN interfaces
- = = For future study

Non-Real Time RIC 01

E2
X2-c
X2-u
——NG-u
Xn-u
Xn-c
Open FH M-Plane NG-c

Open FH CUS-Plane Open FH M-Plane

AR

0O-Cloud ]

11



UNIVERSITY OF
"ACCELERCOMM Southampton

: I IQ |1 1Q I 1Q

phasiiugtnete:soal wliihontgbastoles o RSN i b s i e SR b g e ontpneg el

O-RAN FH (7-2x lower layer split)

SUPERCHARGED WIRELESS SchoolofElcctronics
] ] ft 1 R t and Computer Science
L2+
PUSCH
UL data
| TBCRCcheck |
CBCRC+CB
desegmentation PUCCH format 2/3/4
ucl
| LDPCdecoding | [ Cheched |
| Rate dematching | | Polar/Block decoding |
CB :
deconcatentation | Rate dematching | PRACH
| Descrambling | | Descrambling Preamble
detection +
| Demodulation | PUCCH format 1 | Demodulation | delay estimation
IDFT for DFT-s- ucl Peak search
SEDIA Demodulation | IDFT for DFT-s-OFDM I I
Noise estimation
ChT‘nn:.'I PUCCH format 0 ChT'nn;a'I Channel equalization
equalization ucl equalization | IFFT | SRS PT-RS
Cr.lannfel Seq uence Cr.lann.el Channel estimation Root sequence Cl.'na nn.el Sequer.rce
estimation detection estimation correlation estimation detection
RE demapping | RE demapping l | RE demapping | | RE demapping | | RE demapping | | RE demapping | | RE demapping
N T e T T P A s o e

12



UNIVERSITY OF

N CCELERCOMM SOUthamPtOn

SUPERCHARGED WIRELESS School of Electronics

5 G NR P HY S Oftwar e St a CkS and Computer Science

« Intel FlexRAN — 5G NR PHY layer, optimised for Intel x86 CPUs, can
use FPGA to accelerate LDPC coding and fronthaul connectivity,
integrated into base station equipment by several vendors and deployed
by numerous operators, source code available with license from Intel,
or binary available in O-RAN reference implementation

« Open Air Interface — open source implementation of 5G NR Core, CU,
DU, RU and UE, some optimisation for Intel and AMD x86 CPUs, some
support for ARM CPUs, support coming for FPGA acceleration of LDPC
coding

« Matlab 5G toolbox — source code for 5G NR modeling, simulation, and
verification

13
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Lessons learned in 5G

« O-RAN is decomposing a basestation into building blocks and
standardising interfaces between them — a vendor can focus on building
an individual building block, at various levels of abstraction

« This has significantly reduced the barrier to entry, but it is still
necessary to develop multi-disciplinary teams for signal processing,
hardware, software, interfacing, ...

« Also, still important to build expertise at the system level above that of
your solution, so that you can understand your customer’s
requirements

« Eco-system is vital — roadmaps must be aligned between IP provider,
hardware vendor, software vendor, system integrator, operator,
standards organisations

14
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Opportunities for 6G

« New ideas must be championed by big established players in order to
get into 3GPP standards - an example of this is the invention of polar
codes in 2008 and their 3GPP standardization in 2016 thanks to
Huawei’s support

« Ideas can be pushed into big established players by developing demos
based on software defined radio and developing relationships with
vendors and operators

« A good example of this is Orthogonal Time Frequency Space
modulation, which Cohere Technologies is now trailing with Vodafone,
Deutsche Telekom, Intel FlexRAN and Mavenir

« Itisimportant to think about how the idea fits into the building blocks
of O-RAN - Cohere Technologies are deploying their technology in the

radio intelligent controller, which controls the CU, DU and RU.
15
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