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Developing Research for next generation ocean
communication networks
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SUMMARY & KEYWORDS

Terrestial broadband communication is evolving into its 5%
generation supporting various applications and use cases. The
standard is not only supporting increased data rates, there
are many applications such as the internet of things, mission
critical communications and wultra reliable low latency
communications. However, the gap between terrestial and
marine communications are only being widened. To close the
gap between terretial and marine communications, we provide
a broad study over marine internet. First, we study and
evaluate the requirements of maritime applications. To
support the requirements, we present a network hierarchical
network architecture based on cooperative communications.
Two relaying strategies, distributed decode-forward and
compute-forward, are developed as an effective cooperative
strategy to support the network architecture. Finally, we
develop a general purpose simulation environment for
maritime network communications and perform several
numerical evluations on the proposed communications
strategies.
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s ITU: ITUAA 5G EHFTIHE FEst= X ITU-RAAME SG5H
Working Party 5D (WP5D), ITU-TeM+= SG13 Focus Group
IMT-2020 (FG IMT-2020)¢lt}. ITU-R WP5D2 20159 5G ©|l&%
Al 'IMT-2020" 2.2 & elstal, 5G usage scenario®

e cMBB (enhanced Mobile Broadband),
e mMTC (massive Machine Type Communications),
e URLLC (Ultra-Reliable and Low Latency Communications)

= FYsttt. 5G A5 SFANE, WrlEd e 201743 6€ (273
gl9]) mpRglsta, 201749 109 (28%F 3]<9])FE 5G proposals ol
20209 10¥€ (362 F<9) 5G T4ES &#4F Aoy, 20199
WRC-19 (2019 World Radiocommunication Conferences)lA+ 5G
T o] T

» 3GPP: 3GPPE 20159 129 /A9 RAN 7|£%3]4A 50 EF3
of that ALl A AL el

- WA IMT-2020 A¥<= $st 2749 use—caseE (1)Enhanced
Mobile Broadband, (2)Massive Machine Type Communications,

(3)Ultra-reliable and Low Latency Communication Al 7}

- Automotive, Health, Energy, Manufacturing = WEZ 2k Eof
2 3Ae 23

- LTE evolution® ®Hasle] M2 TAHEIE £
s [EEE 802.11:

m BBF: The broadband forum for wireline networks

m [0T: Internet of things #¥H =4 EFHAZ low power wide
area network (LPWA) ## 7)1& 33}



s dsX R
F|CE F s £ 0 {Peak data rate) [Gbps]

Value*

20 Gbps (DL), 10 Gbps (UL)

# O F£0fa= H & (Peak spactral efficiency) [bps,/Hz]

AME2IHZ T £ 5 (User experienced data rate) [Mbps)

MM ARA =0 E 8 . Indoor hot spot
(5“’ percentile user spectral efficiency) Dense urban
R Rural

30 bps/Hz {DL), 15 bps/Hz (UL)

100 Mbps (DL), 50 Mbps {UL)

0.3 bps/Hz (OL), 0.21 bps,/Hz {UL) for eMBB

0,225 bps/Hz {DL), 0.15 bps/Hz (UL) for eMBB

0.12 bps/Hz (DL}, 0.045 bps/Hz (UL} for eMBB

Indoor hot spot

E_ = e, 1?,._
Hd St 25 (Average spectral Dense urban

9,0 bps/Hz (DL), 6,750 bps/Hz (UL) for eMBR
7.8 bps/Hz (OL), 5.4 bps/Hz (UL) for eMBB

efficiency) [bps/Hz]
Rural

T E T E 2\ B 3F (Area traffic capacity) [Mbps/m’]
User plane
Z|H A|ZE (Latency) [ms] .
Control plane

@ U (Connection density) [Device/Km?]

3.3 bps/Hz (DL), 2.1 bps/Hz (UL) for eMBB
10 Mbps/m’ for indoor hotspot-eMBB

4 ms for eMBB, 1ms for URLLC

TBD for eMBB and URLLC

10° for mMTC

A% ZE (Energy efficiency)
12| (Reliability)

TED for eMBB
1-10°7 for URLLC

Stationary
Pedestrian

0l =4 (Mobility) [Km/h] f
Pedestrian

High-speed vehicular

054 EtE A7 {Mability interruption time) [ms]

0 Krm/h for Indoor hotspot-eMBB
3 Km/h for Dense urban-eMBE

120 Km/h for Rural-eMBB

~500 Km/h for Rural-eMBB, High-speed train

0 ms

LR Z (Bandwidth) [MHz]

*hlye: B E A or TBD

100 MHz ™~ 1 GHz

- LoRA, Sigfox, NB-IoT (3GPP), UE bluetooth

WPSEx: a4 s 26 i W28 W35

H23 UF ] 30

Hitbls #32 133 i34 Wik

U ® WRC-15 @ Workshap ® WRC-19
{IMT-2020) Requirements Proposals Specifications
4
TG 71 471 673 674 BIS 676 677 AT K7D #R0 #A] AAD AB3 ABd #AS 4R M7
@ RAN 5G workshop @ 5GPhlRelease © @ 5GPh2 Release
jum 17 Sep 18 Mar 20
3GPP Release 14 15 Release 16
5G]}

56 Study 5 Phasa 1

Staged

56 Phase X

» @ Official Release



O 3GPP

m 3GPP= Release 14°14 5G 42 $3 A3 AFE AlZshod,
Release 15¢ Release 1694 EAA o2 5G 714 2 S 733t

- Release 159X 5G 7]# featureE= st 5G Phase 1 4
<, Release 16914 & F7149 featureE< F2ldle] 5G Phase 2 74
= 2020 3€°) release@d Algoltt. 5G 42 F4 A 2= Phase 1
A0l 2018 9¥€ol Phase 2 714°] 2020 3€o] &5 4%

- Stage-3 AP 27z 201849 6€ ¥ 20199 129 &=
m Release 14

- Release 14+ 5G 7l& 4 /o ¢4A AdY AFsl= GAZE 5G 7|
& XA (TR)E 24

- xZF 5G AT FEL TSG (Technical Specification Group)
RANOIA ZFdste= '5G FAFE7IEd A 274 # TSG SA
(Service & System Aspects)olA] F&st= '5G A=l gt +x2'=
Z+7Zy TR 38.9133 TR 23.799° <] M Release 15

m Release 15

- FTodA P=E NR 149 M= NSA (non-standalone)®t SA

=

(standalone) & &% X3t

- NSA= 5G NR¥ LTEZ} #Zo] &% 4+ d& A2 5G NRe| LTE
le]

£ control plane anchor® Algg ¢ JE== Y

- SAE 5G NRe] @52 4% &+ e AL=Z 5G NRell disl] full
control plane capabilityE At} &3k, ITUNA Fel¥ 5G usage
scenarios (eMBB, mMTC, URLLC) eMBB Ao A& wFa
4 URLLCE A€

oiN

- 3] ¥ o]5EA EF proposal



KPI
Peak data rate

Peak spectral efficiency

Value

DL: 20 Gbps, UL; 10 Gbps
DL: 30 bps/Hz, UL: 15 bps/Hz

Bandwidth

Control plane latency

TED

10 ms

User plane latency

Latency for infrequent small packets
Maobility interruption time

Inter-system mobility

DL 0.5 ms, UL 0.5 ms for LRLLE
DL: 4 ms, UL: 4 ms for eMEBB

UL: no waorse than 10 seconds*

0ms

TBD

Reliability

Coverage (Extreme coverage)

1-10-% ** for URLLC

MCL: 164 dB for mMTC

UE battery life

15 years for mbTC

LE energy efficiency Qualitative
Cell/Transmission point/TRP spectral efficiency . TBD
Area traffic capacity - TED
User experienced data rate I T8D
Sth percentile user spectrum efficiency TBD

Connection density

10% device/Km® in urban environment for mMTC

Mohility

Network energy efficiency

500 Kmy/h

Qualitative

* for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the

maximum coupling loss {MaxCL) of 164dB,
** for 32 bytes with a user plane latency of 1ms
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Propagation
j’ Channel i
Coder - il [:l-il:!: I:;;Rgf = Modem - Coder
1y Radio Channel '}
le v ! ol
= Digital Channel =1
SEREEREEE
s AEEY A7E AAIT %Al FHEE 2Tl R o 5EA o
7o =7hA Qzete didete T e Add
m path loss 2d<S X33 7|E9 Aqd SAHAAF= T2 2GHz °lst W
oo Sl 3GHz ol duiele] EHATE et Bdd 54 AN
% 59 Aze A¥Edyg A} ge
o FAEM AzE AAZRGA 24 2% AW seE dTe oy 1
29 o] 7|EY A A AFdA vF JHUE x2S Radio
Channel= Wdsta o T4 HAFE7|e9 5 H7HE st Digital
Channels E33ste TEAQ &4 Ad A7+ Z &
O Au-welolFA A B4
m Stochastic Ray Methodel] <3t =g

- Han Wang, Wencai Du, "Research on Maritime Radio Wave

multipath propagation based on stochastic ray method’,
Mathmatical problems in engineering, 2016
- Sl FAAES Sl Aubel] o ®Hixle]l A3 2 multipath &7}
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Transmitter: UHF transmitter 19 m 2.5 GHz - antenna height = 19.0m
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communications'Maritime Radio propagation with the

fe=700MHz
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of ship motions’, Vol. 10, No. 5, May, 2015
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m Decode-forward: FA7]dA AEHERE E33lsla, A H353}s1o]
AEstes A

C > max min{C(S;; + S, +20/S5:55,)> C(S,;(1 — pH))}

O<p<l
2 " g .
_ C((V/S31(Sy; = S32) + V/S32(S1 = S51)) /Sy1) £ Sy = 851 + Sy,
C(Sy) otherwise.

m Compress- forward FAZAA AFASE B3R Ea, 23 E
gzd &5ty dAEst= A 7E

S5,:S
CEC(S;1+1 e )
- S31+ 85 +55 +1

m Amplify-forward: FTA7INA AFASTE Hoslslr Ea, ofd=za
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e Nodes: (X, V1),...,(Xn. Yn)

e Network: p(vy,..., yvlxr, .., )

e Messages M,, ..., My are broadcast to nodes 2.. ... N
e Encoder xf(ma, ..., my) / relay .\-,\.,-(_\v}'f' ) / decoder /i (y})

m Distributed decode-forward 71
o BIY FHHRAFAA o]2FH Hu HAFE&FHH 0.5N bit 2] AT
BA (N=UEYA =9 F)

Distributed decode—forward lower bound (unicast)

&= m i [1 X(8): U(S)IX(S)) — S 1(U,: U(SE). XV | X, Yo ]
>max min - |[[(X(S);U(S)IX(89) = 3 (U US). XY [Xe. Yo)
1eS, NeS* kes:

where the maximum is over ([T,_, p(x))p(x;, i) <))

¢ HED}

i

drH HEAD A o 23



FTAZIAA FAANSTE FEHoez Boslsto] AQAdFst=E 7|H &
4 (partial decode-forward)

FAYEHZE 9&EiA ddE HEYZ Zdes FAER duks
3t

i

Distributed decode—forward Noisy network coding

Broadcast Multiple multicast (Multiple Access)
Marton’s inner bound MAC capacity
Simple decoder Simple encoder
(R X%y (Yi, Yi, Xi)
Partial decode—forward Compress—forward
0.5N 0.63N

m Noisy network coding”]| ¥ #}2] H|lw

*

ek gl Ao HA AHFES HolE noisy network coding® %o

2 8% %

FHSUELY A Y (noisy network coding) S 233 thgl 44141
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m Compute-forward
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- D}u - 7?%1 224G wtEslE An] Al 2ElS P&
Al z=E" F2 AA D Al Edeld AT 8
- Matlab”]%t open souce communication tool &

- FHE AF/NLE Ae] Fa Ade B 2

A
CPU 3Ghz 8-core intel Xeon E5 25MB L3 cache
RAM DDR3 64GB
oS MAC OSX 10.6
GPU Dual AMD FirePro D700 graphica processors
Storage SSD 1TB
Software Matlab 2017

- 3t=9o]: MAC OSX 7|4 MAC pro +=
- AT E9|0]
- Matlab 2017 (communication toolbox%)

- Coded modulation library (Matlab + C) 7|4t
& 2

O Coded modulation library
| X]%é‘]'"f‘ E ] X

o EAIT

=5
N

- UMTS/3GPP (HSDPA, LTE ®23%)
- ¢dma2000/3GPP2

- CCSDS

¢ HEED

- DVB-RCS

- WiMAX TEEE 802.16

Zas gloln



+ LDPC =
- DVB-S2

- Mobile WiMAX IEEE 802.16e

(modulation)

m sim_param(record).

— modulation = {string}
« Specifies the modulation type
+ May be ‘BPSK’, ‘QPSK’, ‘QAM’, ‘PSK’, ‘APSK’, ‘HEX’, or ‘FSK’
« 'HSDPA’ used to indicate QPSK and QAM used in HSDPA.
+ All but FSK are 2 dimensional modulations
— Uses a complex scalar value for each symbol.
+ Defaultis ‘BPSK’
+ New (version 1.9 and above): Can also be set to “custom”.

— mod_order = {integer scalar}

« Number of points in the constellation.

+ Power of 2.

« Defaultis 2.

+ In some cases, M=0 is used to indicate an unconstrained Gaussian input.
— S_matrix = {complex vector}

« Only used for “custom” modulation type.

« A vector of length “mod_order” containing the values of the symbols in the
signal set S.

- 333}

m Only for sim_param(record).sim_type = ‘coded’

m sim_param(record).code_configuration = {scalar int}
— 0 = Convolutional
— 1 = binary turbo code (PCCC)
- 2=LDPC

3 = HSDPA turbo code

4 = UMTS turbo code with rate matching

— 5 =WIMAX duobinary tailbiting turbo code (CTC)

6 = DVB-RCS duobinary tailbiting turbo code



R [bpcul]

R [bpcu]

o3}

m sim_param(record).decoder_type = {integer scalar}

negative value for Viterbi algorithm
0 = log-MAP (approximated linearly)

1 = max-log-MAP

2 = constant-log-MAP

3 and 4 other implementations of log-MAP

m Decodes over entire trellis (no sliding window traceback)

m Compute-forward 7|19 AlEdH oA 23

A
1 o A
_________________ o
0.95 |- : B,B’
----------------- r-79
1 1
0.9 i |
0.85| /o
(0.9742,,0.9355)
0.8 i
1
073 ‘ L =
(ﬁg 0.8 085 09 095 1 1.05
R, [bpcu]
_||
[ A
2 o
A,
1'9::::::::::::::::::/0?8 I
L&} /i B 7
(1.885,1'871) ©
1.7 X
1.6 o
i
= I | —
130 16 17 18 19 2 2.1

R, [bpcu]

10"
—w— decoding s
ol - += decoding u, given s
10 - -oe--decodingu =s&u; |-
C — point-to-point AWGN ||
10! T e :
_1: R
s
th 10 -
1073 E E
- Shannon ¥
107* & : E
= limit for theoretipal \
I L]
103 I | pnint-tn_pnmt ,_bolind |
3 4 bl 6 7 8 9
P [dB]
[
I8 g [ — decoding s E
. - - += decoding u, given s
107 -=-decodingu, =s @ u; |7
e S point-to-point AWGN ||
10~ TR e 5
o -
4 10
1077 e E
Shannon |
™
limit for =
met:tn—pnint ‘ ‘ ‘ ]

6 8



O IoT MEYZ H2E AH]|
- Ag etz Al2El e S o 2 o2 &83F target Al AH

e 24 5.

Raspberry PI 3

- Y duy= Al x~Ele] =g ~Adloe o o

A4 A4
. Exynos 5420 Octa-core (1.8GHz
1.2GHz  64bit Quad-core ARM .
CPU CPU 64bit Quad-core ARM Cortex-Al5 +
Cortex-Ab3
A7 Quad-core)
RAM 1GB LPDDR2 RAM RAM 2GB LPDDR2 RAM
Storage Micro SDHC slot Storage On-board NAND and Ext.

- A7 FREE Y A} ol o} ZE AFHo|~E S AAE
Serial (RS-232)
- Network (Ethernet)
- USB
- LoRA B2 E&

SN ANE BT 48D LS A3 olds Lo 2TEdC] A4S
FE] H2EF
- Cross compiler
- Minicom
- DHCP, TFTP, NFS
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