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ABSTRACT

Link-16 is a widely used TDL (Tactical Data Link) which uses TDMA (Time Division Multiple Access).
Link-16 is a very low rate system, so it supports small size of data like tactical message and voice. However,
there are related works to transmit situation awareness information like image due to the increasing interest
about EBO(Effect-Based Operation), recently. Special TDMA scheduling is needed not static TDMA of Link-16
for image transmission because image data has much larger size than the existing tactical data. In this paper,
we proposed Link-16K which enhances the Link-16 MAC. The proposed Link-16K is compatible with Link-16,
and includes dynamic TDMA, new packing method, and an efficient retransmission scheme for image
transmission effectively. We can see that image transmission delay is reduced and channel utilization is

increased through simulation results of proposed idea.
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I. Link-16

2.1. Time slot &=t} XS 7|

Link-16-> 5170¢] L& Fa Fo¢ =2k 3
th shte] Tk =oF RS netoletar A 2Eha,
128702] HeE]Y(Multi-net) S 83t} »E rT=
o2 netell 7Kg o sloh 2y FAE
Aol & 4 glaz, gk Well & net S3lA] HlolE]
E FAEAY Al = gloh 2 net 123 w9
2] frames F7|% HFEEWM, 1 frame % time slot
2 1,53670°]c}. Link-16-> 38k 23lef] wz} o)
EL g AAIE E3) netF time slot=- 3} |
EfF A= ARl o3 me Axp) zleEch
Link-162] time slot %> RRN(Recurrence Rate
Number)o]zh= 7S AREEc) 1 frame ol &
At 7HA S 2 time slotg dwsk=d], RRN°| 6°]
H frame % 1709 time slot2 st} a=lx
13} Zro] RRNo| shty Z7leh wjvict 2ul¥
et

m(Lr =3

E 1. Link-162] RRN
Table 1. RRN of Link-16
RRN Number of time slots per frame

15 512
14 256
13 128
12 64
11 32
10 16
9 8
8 4
7 2
6 1

Link-169] #HA % 712 time slot T2 o|F
21t} Link-162 AA5S 2]8] donated slot=
A8t} Donated sloto]23k 44l =7} ACKE
W] e Al kA WEFE= time sloto]th
2412 time slot 3l dlolElE $Alska, =419
t}2 time slot2 £33 ACKS HH= 7lo]tlh RRN©]
b, ACK7}F wi§- 5A] =2kste] vlagAo|ch
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2.2. Link-16 packing 2

Link-16°14] time slotel] dlo]E]E wi= vlS-
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47}41¢]  packing WHHS  ARSsicl.  STD-DP<}
P2-SP=  7PHe]  jitter7}  ell  2x}) aE|a
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840 bits®] HolEE 1 AEIl P4-SP=
Link-16°14] &1} time slotel] 7P %S dlo]E]
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T
S H| Data | Data >

STD-DP | itter R Propagation
(4.4585+jitter)

T

P2-sp Jitter S R H Data Propagation
(4.4585+jitter)
p2op [s|T|H Data Data >

R P .
ropagation

(2.0405ms)
pasp [s|TIH Data .

R .
Propagation

(2.0405ms)

[New type] T

(PSW2-SP) S R H Data (5Packs + 2Words) s

0.0255 (= 7.8125 —7.787) ms

:: STD-DP: Standard-Double Pulse

:: P2-SP: Pack2-Single Pulse

:: P2-DP: Pack2-Double Pulse

:: P4-SP: Pack4-Single Pulse

:: PSW2-SP: Pack5Word2-Single Pulse

J2! 1. Link-16 217 #hgat Aleksh= 7 v
Fig. 1. Packing method of Link-16 and the proposed
scheme
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3.2. IMG net Hol2} ATS MH
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IMG

F.7%a Slotusedbya Slot used by a node .
] ed by : ¢ Available Blocked
’:’3 node which joins which does not join |:| time slot time slot

L4 the Image Net the Image Net

2 2. IMG net3} ATS AR (<A
Fig. 2. IMG net and ATS selection (Example)

K
t; ;= k\/ltﬁj for all i, j (1)

aE]ar A& ZE netol]l diste] Alatalw 4]
@2t 3] p;E T & Sk p;= ATSE %Y
sh= welek p,;7F 0017, IMG net®] jIA| time
slot-& ATSel| Z3t=c)

for all j )

m

I3 2= ATS A1AE el dlolc). 47)¢]
net?} == 6707} qlrt. 183 67)9] = dE
o= A 93 Net 1, 2, 3% IMG netol] 7}3)
=] time slotx AHE Folt} o] oA IMG net
of] 7}313F 471¢] =X(A, B, C, D)7} t}E netollA]
AREEEA] o= time sloto] tbd, 9 time slot
= ATSel| 23g=ch 9] 298] 31X B-Fe] o]n|x|
Hgol] AHEEl ATSoIth ATS 3 gl whe)
2 HkEsle] ARggl.

3.3. M|otst= DTDMA Z2EE

Link-16°4=  UYEHIE  Astr] 98
Control net2 A3k} Link-16K+ Control net]
time slot % 17lE& APdel VES=Z AAIE 53
shgdslcl 2|30 o] time slotS o|F|X] A9 A]
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2hS dE|a ATSE skt ARSgc) o] wl A
Z3l=  wW|A]2]S AN(Announcement) WA|R|2}aL
gheh AN HAA= o]mlA] FA1 eev) A Esic)
o7]ofli= olm]x] ZFel HQsled AAE ATS A
H o o]m|R] HLroll QA3 time slot g, AHASS
98 NACK 2A1E" AH7)F 23] it v
9] olu]x] Al xEELS NACK 2AEY AHHRE
53l AHle] NACKE $Alslof 3= time slotS-

ok % gk

N i1 imN

IMG

TX [@TX
P1 @P1
(1) |2

TX T WX
P1 @P1 @P1

P1
(3) | (4) ] (5 |(6) (7 (&) WO

Available time slots

Continuous Data
Transmission

TX | Data T issi TX | Data Transmission .
Msg - P1: Packing type 1 - P2: Packing type 2 I Pros::_]aaytlon
#) | - (#): Seq number #) | - (#): Seq number

2! 3. DTDMAZS] <1< dlole] %= (oA
Fig. 3. Continuous data transmission of DTDMA
(Example)

Control net2 3] AN HA|R|7} A=, o]n]
7 Gl xEEE BFE AN WARE F& IMG
net®] ATS AHE F-f3la o5 &3 °]vA| d
o]e]E Alg} ATSoA]+= time sloto] ¢332
2 gdEe 757 EAgeh o] o, AEE
packing WS ARSSle] 1S W dHlolEHE AF
e 3l 73 38 B, ATSS] AS 270e o
<+ time slote] ©of7] uwltel] P4-SPE HFIict.
ey 3ARE THA7RlE dber 9
time sloto]7] wel] Qd&oR HelHE AFd 4
ek o] w, 27 19 A= HF e AR
v} A2 packing WPHS h}9] time slotell 5
packs(1 pack = 210 bits)¥} 2 words(l word = 70
bits)3! 1,190 bitsE R 5 Qlrh A 7l
time slot= ThS time slot¥}e] F&5 8isle]
P4-SPE A3}, gw Afshs Azle A

= sequence numbers E3H3Ic}
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B (o] D B C D B C D
A s\ M e (A A\ A
S o
- < < <5 (Y]
. ok, " e
s " >
A A A

(i) C and D did not receive

(5) and (7) respectively (ii) C sends NACK (5)  (iif) D sends NACK (7)

< Available time slots >

i B B B
N N G
- (5) @5 {7

XX ™| x| ™ [x X P L
P11l P2 | P2 | P2 |1 lir1 liP1 Pt [l iDLE
W] & EOREC) (6) (") ] (8) | (®)

IDLE | IDLE

Divided into
2 packets

TX Data Transmission

py | -P1: Packing type 1 pLe| Nothing to transmit NACK with

@ |- P2: Packing type 2 Seq number (#)
- (#): Seq number

Ret o RTX Data Retransmission
Ae ransmlssmr: P - P1: Packing type 1
nnouncemen - P2: Packing type 2

I Propagation Delay
Msg (#) - (#): Seq number

T2 4. DTDMAS] A5 (4]
Fig. 4. Retransmission of DTDMA (Example)

Link-16K 4= #1355 98]l NACK HAAl&
ARl zRile] A1EEA] 3-8 sequence number
S NACKol| wolr 53k 7 4= AAdFe]
FAhe E5S HoFE OFolth kT AL =
E B, C, Dol o|"A|& AFgch ()olA & 5 9l
=ol, k= Co D= 27 A7} AEgE o]vlA] dle]
E] 3 sequence number 5¢} 791 dlo]E]E FAlS}
Al FEck ovlA] dHelelrl BEF O AFHE F
NACK T7tellA ()¢} dii)ell vebd 23 C= 5
W, DE 7THE dobd Aol Akt a7 49| 3
&E HE oF § 9l%e], Be Zt dHlelHE 4
7] wlitell NACK kel ofw dlolej= %53}
A e idle AelZ v¥-Erk NACK 77to] 1}
7 A+ RAN(Retransmission ANnouncement) W|A]
212 53 RAN wAA|olE ATS AR, A3
%3} sequence numbers, ©]W|X] ZEol| ZQ3F
time slot <&, S 913 A2 NACK A=
d AR7} x3Eh RAN WAAE S8l AAES
$J&F time slote] 37§92 <2]a, L FHe] Cc2} D
= 9% NACK 2AE" ARE ASdck 54 o
ole]i= A|jFel= ANE=E- packing WS ARSI
Asstd e, AMASIIE  time slot= A5E
time slot®] o2} A|gksl= packing HFH-S ARS-
s 4 ¢lvk ujgbA propagations 7EgF 2719
time slotsS &3l A Al 22y 79 o
ol = FAUIM AFe] rhsdlth AAFe] Ha
v NACKE FAlgh) 73 4ol AAde =

T AFsied e D= o dHelex AHESHA
ka1 idle Atefol] WF-Ect wiekol] o|mx] HAl
=7} NACK7}F #A13ksiehd, ofA] RAN HXA|&
A3l S IAS HHES] 235> NACK
7} §l= sk & 2 dHelyr) AlE wizkA| bl
EHxich

V. AlZ20]M 2t

AlEdle]Adell4] Link-162] 47F4] packing W=}
Link-16KE ¥]23k}. Link-16K2] -9, ATSS] 7
Fo} 1S FHSo] 7Fs3E time slote] N4E o=
o] Br}s3lr}. wlebr ATS+E RRNIY £33 42
AdAJste] AlEHelAd ZAoE U9tk ATSE RRN
Hrp S 5 gl7] uliel], & =l AlEHelA
AZE JE= Link-16K A5 worst caseoll gk
AAsolel. E|al ATS FollA s AFe] b3t
time slot 72| B]E2 20, 40, 60, 80% = ct}ofsHA|
sl Aes Hrkslolch 1Ela AHE HAes H
77| $l8l clekst MER(Message error rate)S A}
f3leith MER-S time slot ©FE =A3F Zo|c})
|5 E°, MER®] 0.1°]2} time slot 107] % 1
M= dlole] FAlell Afsh= Zlolcl mE|ar o
2o =79} o|n|A] Al 2= AN Nppop) s THF
A 3l s Hrskolch AlEdHlelAd TEbrlE
= Aeshd ofg3 2k

E 2. AEdeld getile

Table 1. Simulation parameters

Link-16 Packing STD-DP, P2-SP, P2-DP, P4-SP

Link-16K Packing | Hybrid (New packing + P4-SP)

New packing ratio | 20, 40, 60, 80%

Link-16 RRN 12, 15

Link-16K ATS 64, 512

Image size (KB) | 200, 400, 600, 800, 1000
MER 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3
Nrecv 3,6,9, 12, 15

V. Al=golM Zxt

A bl AR SRS Tt
Tivic rets T Tpyee AREE 23F8}e] o]
A% AFHez Agpshedl HH ARkl
TG petz= L oA ARl AR Al7te]

o
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5.1. o[o|X| =7|of| iE &=

4000 T T T T T

[ |—=—L16-STDDP m

3500 - —e— L16-P2SP

I |—~—L16-P2DP

3000 i-—|—v— L16-P4SP

I | < L16K (20%)

2500 »— L16K (40%)

I |—&—L16K (60%)
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-
o
o

i~ 2000 - |—e— 116K
'_g \&i | /‘
Yy . | L, | ‘T
0
200 400 600 200 .
IMG size (KBytes)
a2l 5. o|nA] F7)ol WE T
Fig. . Tmc according to image size
a3 5% olvlA| @vlel| wet T, vlagk
Zlolth. RRNS 15, ATS+ 512, MERS 0,
NRECV"E‘ 308 AT ovx|e] =Z|E

200KB--E] 1000KB7}A] t}efsiAl skoict. P2-SPe}
P2-DP+= 3149 time slotel] A58 4= 9l& dlo]
Elefo] 77| wjitel] Adso] FU3lth Link-16K2
Link-16° B8] 7}, 15 =} T=]a o]n]A]
F77} Boldel wet T,.v AdHew Zvlst
4|, Link-16K9] 2712 Link-1691] H]3)
T itk

3]

5.2. MERO|| & M=

I3 6> RRNI ATSE 27} 129} 642 A

]
sl Thee AT adely, 13 72 27 15
o} 5128 Al Tp0s SAT etk 2
& 63 704 MERe] Z713tel] wlel Agel] 3
oKl Link-162] Ty,07F B 27kk= AS &2

ook a8l a8 72 23 61} time slotS
B8 wol wslalr] wWte]l =E A whHelA
Tipe#el #eh 23 63 744 Link-16K%
MERe| Z7}spiA Aso] Ak, &84l
AAE 7er QI8 Tyyq0 M3Fe] 274 %4
o} 7] Wzt gl A7 Halck
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Fig. 6. Twe according to MER
(RRN=12, ATS=64, Ngecy=3, Image=1000KB)
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Fig. 7. Tmc according to MER
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Link-16K 1 (0.00065% of frame)
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