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Abstract

In actual system, it’s a quite attractive character that one can access the channel as he
wants. This paper bases on earlier ideal named ISA-MAC(Instantaneous W
Availability MAC) which is promoted and listed in a paper reference [1], and fo he
optimal encode rate and the number of frequency slots of ISA-MAC. Take
of no-error channel transmission and the normalized thripughput
constrained condition, an analysis come out and be tak %1 guid

ﬁ&ili

which is found on the mathematic model and the
correction, and can be adapted to CSMA, ALOHA@ H sirm{{t/ A-MAC which is
designed for fulfilling the requirement of accessin y mom@\
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1. Foreword

This paper mainly analyzes e@ AC men %h ed in reference [1], and searches the
optimal encode rate and th f fr L@/ slots of the ISA-MAC system with the
mathematical model. The ISA— C m%‘l& eral key techniques:

1) MIMO, which en the mes an be transmitted at any moment base on the

consequencaoﬁq el statistics;

2) FH+TH, w evia nnel collision;

3) Error coﬁg encode; tenated Coding is applied in the paper which can
rr

or da used by channel collision;
will not be discussed anymore which belong to signal
e emphases on the latter two techniques.

This paper is ed as follows. In Section Il, the ISA-MAC will be described
briefly. In Sectj , build mathematic models and make theory analysis. In Section 1V,
simulate and validate the raised model. Finally, submit the conclusion and summarization.

4) In this_paper,
processing, a

2.T @nopsis of ISA-MAC

SA-MAC is a kind of MPR (Multiple packet reception) MAC which has the

ility of simultaneous receiving more than one packet from multiple concurrent
transmissions. In 1989, it was in reference [3] that MPR was first discussed for the slotted
Aloha protocol and for a random access wireless network by S. Ghez et al. After several
proposals on channel and medium access protocols on MPR [4-6] were presented in the
90’s, reference [7] was a seminal paper, the first to examine MPR, as an interaction
between the physical and medium access control layers for a wireless random access
network. The MPR node model used in [7] was derived from [3]. An interesting
observation on the recent work on MPR is that significant results have been obtained on
the capacity and throughput analysis based on the MPR model, while the enabling MPR
technologies are rarely mentioned in these papers. Since 2007, a series of results on

ISSN: 1975-0080 IUMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

capacity improvement by protocol architectures that exploit MPR has been published in
[8-10] .In [11], Wang et al. summarize their work on MPR by presenting a unifying
approach for the computation of throughput capacity of wireless ad hoc networks under
all data traffic patterns including unicast, multicast, broadcast, and anycast. In [12], Ghez
et al. give two important theorems for the Slotted Aloha network with MPR. In [13], a
general asymmetric MPR model is introduced and the medium-access control (MAC)
capacity region is specified. From these two papers, it is clear that if the number of
simultaneous transmissions is greater than the average MPR capacity, the system cannot
achieve a maximum stable throughput. Dua [14] analyzed a one-dimensional Markov
chain which captures the evolution of the queue of a typical transmitter in isolation in an
MPR system. In [15-16], the analytical equations for the characteristics of a relay node’s
gueue such as average gueue length and stability conditions are studied for the throughput
per user. There are a number of techniques which allow simultaneous decoding of packets
on a receiver but in many papers MPR is said to be realized with CDMA or MI 0. Im
[17], the authors describe a many-to-many communication in which the transml

divided in frequency to allow the receiver to decode the packets. In [18 ors
present Known Modulus Algorithms (KMA) to allow packet separation m@ ronous
ad hoc networks. In [19], a variation of KMA, Algebrai
based on a matrix perturbation analysis. Other signal

proposed
based on a
(MMA) [20]
. ak of MAC with
3 ol based on receiver
controlled transmission (RCT). RCT is a h schedul nd random access MAC,
i tving nodé\ d then the transmitters for
ocal th hput by granting an appropriate
subset of users so that the varying | MP, ity are exploited. In [21], Zhao
and Tong designed a multiqueue ice room R) protocol, which exploits MPR
capability to handle users with!i nt quality,of service constraints. Yu and Giannakis
associate a contention tree a hm wi 0 propose SICTA in [22]. They aim to
create a collision resoluti Mrom the packet point of view. It turns out to
be an interesting appr, 3-24], Celik et al. point out that the near-far
problem reminds ortant fanhich degrades the throughput and the fairness in a
wireless networ NQca ability. To overcome this problem, they added an
alternative g otocol in which a node decreases its transmission
probability %r nd increases it following failure. Reference [25] proposed

each receiving node. RCT aims to maxi

ity queueing protocol to exploit the cooperative diversity for
improving the syst oughput In [26], Crlchlgno et al. address the m|n|mum Iength

A set ate vectors. Reference [27] studies the neighbor discovery algorithm by
incorpo ulti-packet reception capability. Jeon and Ephremides consider neighbor
incorporating
and Physical-Layer signal processing.

e main idea of ISA-MAC protocol is described as follows:

n the system, communication channel and quantity present diversity states. To satisfy
the requirement for time-sensitive, the information is divided into several categories
which takes different transmission priority refers to the degree of time sensitive. In fact,
the system terminal equips with one transmission RF channel and multiple-reception
communication RF channel. Prior to transmission, the system terminal checks the status
of channel according to the channel statistical result from multiple-receivers which will
monitor the channel during idle, and make sure if there is some margin for certain priority
message to transmit, communication capability is limited by upper capability which will
lead to communication collapse if it is exceeded, so only a certain amount of transmission
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exists at an instantaneous moment. The specific processing of transmission is shown in
flow chart.

Package sort

Check queue and
find highest priority

<

Sgessaw Ajiond
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>

Send the message

with highest priority

Figure 1. ISA-MAC P@col Flov%ha
*

The characters of ISA-MAC include: *
The message can be sent as it need \6

the cﬁx@ not saturated:;

By means of controlling the volunk usin% annel, the total of business could
keep stable level;

If the volume of busine&ke se, it4 @ful to keep the first successful delivery
probability by postponing or dec asin&@wer priority message;

Provide highest throu for the ML priority message.

ISA-MAC protogol(aigS at the ga@al to"satisfy system users with the high probability of
first successful de nder@opriate network burden.

3. Mathe@ol\/loél@d Theory Analysis

C
The communicati el adapted by ISA-MAC refers to the reference [3], as a

depiction in drawi

Demodule/

user encoder module/FH de-FH decoder user
O\{~ R I S S
@O ‘2 H H H channel _ﬁ M H ‘

THHHT%HH

Interference and noise

Figure 2. The Communication Model of ISA-MAC

Given that there exist T users in the system, they can easily communicate with one
transmitter and multiple receivers, which is a mechanism of avoiding the failure caused
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by collision even if no appointment and coordination. If the message need be sent out, it
will be encoded with the Concatenated Code at first, and accompany scrambling and
interleaving etc. processing technique to depress BER. Besides, the system utilizes a
combination of FH-TH spread spectrum mode to gain the two benefits: first, FH-TH
could be regarded as a space diversity technology and bring the processing gain; second,
FH-TH could reduce the collision probability and improve the probability of first
successful delivery.

Because of FH-TH, the system modulation should adopt the constant envelope
modulation technology in case of emergence of the signal leakage problem. More
discussions concern the Concatenated Code could be found in reference [1], and would
not be described any more.

4. The Optimal Rate of Code

Assume P presents the number of frequency slots, which means there are R
contention free frequency slots at any time. But it is not hard to imagine that

a "collision™ if multiple users occupy the same frequency point transm\@ fact
asynchronous frequency hopping is much easier to realize than, sync requency
hopping because the Time synchronization is very di ﬁ%:l a Iar scale scene, so

asynchronous frequency hopping is adopted in refere reference [1],
the probability of collision in the asynchronous F is sh

Pn=— (
Assume Q presents the number of ac%\@sers Q<T, Nresents the number of total

system users, which means the presen Insta s transmission at the same time,
and the probability of system CO||ISI

gg_l
System deploys the Conﬁn%ed Code ich the out code is (n, 1), the inner code
is (N, L), the rate of Concatenate

IL/ nN

In which, = K\Q @%nts the rate of the out code and the rate of the inner

code respective

Outer encoder‘ ngl Channel —» innerdecoder ——» Outer decoder

v‘

Q plify the analysis condition, each hop contains an inner symbol, which is
gOmpased of outer code separated after scrambling. In terms of channel, it’s necessary to
) e the inner code, and introduce the characteristics of the out code in the process of
analysis. Set e as the inner error correcting capability, f represents the inner Error

detection capability (¢ =7), and meet the conditions: € T/ < @min @min s the
minimum hamming distance of the inner code. Whenerrors occur during
transmission, if detected, then the symbol will be erased, however, if the errors are

not detected, nor corrected, then the inner code will output error symbol. Set Pa and Pud
as the error detection probability and the error detection probability respectively, the out
code have the capability to correct and erasure the output error symbol from the inner
code.
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In this paper, using the R5—R5 concatenated code, and the RS code have the error
correction capability is t bits, and the Error detection capability is e bits,

€ + 2t =1 — I |5 the memoryless channel, the probability of decoding as follows:

n
Pc(l): Z [k mjp: p:z (1_ Py — Py )nikim

k+2m<n-|

In which,

n 0 n!
k,m/ kim!(n—k—m)!

Build the mathematic model, take the sample Xi (=12, --,m)
0, under correct reception

X. =41, if synbol is erased

2, if synbol is not correct ?y
O

o N &
Y Ew (\ \/
ar(Y, \/
E(Ya) ang Var(¥a) represent the mea arlant,‘xe’ﬂ respectively, Ya is the
sum of the erased characters and two tim\ error %ac r. To decode correctly, meet

the following results: ,\
G
Because the sample i (i 1 1) %ﬂependent to each other, according to the

X; Q
central limit theory
Q I|m P(Z 5&] ’uz/zdu
Besides, \\ %
O SO e -nie, 200

®=n(|od ~Pi T 4P —4Pi — 4Py Pua)
In which

> P(X, =1 = p,

§\ P(X, =2) =Py,
When| terd inite, and r = I/n tends to be constant, the conclusion as follows:

A
@9
a ar(Y

:P[Z ___ n@-r-p,-2p,) ]
Py = P} + 4P, —4P% 4P, Py
11-r—p,—-2p,4 >0
=4051-r—-p, -2p, =0 (according to the characteristics of Nornal distribution)
01-r—py—2p, <0
Obviously, to realize the communication transmission error free, the condition must be
satisfied:

r<l- Py _2pud
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The above resultsonly for the derivation aim atthe outer code. To achieve
the constraints on the overall concatenated code, the inner code rate selected can be
brought into the above results and obtain the following results:

L
R<q & Po—2Pu)
If nis limited, According to the above derivation, the result is as follows:

p(|) E \/_(1 r_pd 2pud) J

de S + 4Py — 4Pl — 4P, P
Correspondingly, the constraint to the out code rate could be derived under the
condition that the codetype and the quantity of simultaneous transmission user are
certain.

F<1-p, —2P, — (s — P2 +4P, —4P% — 4Py P,g)/n

In which ?\/
a=F*1-R) 0

F =" (2m)ze*/2du

Among it, and Pg IS rror threshold
which could be Approximated byP e=1-FU } * ase ove analysis, the
overall rate of concatenated code constraint formulasts available

L
rRSN[l_ Py —2Py — ‘p +4pud 4pdpud)/n:|

In fact, in term of the channe@ l, thq ng ability of the out code is

actually constrained by the decoding=" abili mner code. To make sure

theRS — RS concatenated Cod Ork %ﬂ s necessary to consider the two levels
encoding comprehensively, ther wor e inner code decoding output can be

corrected or detected by out codéf\' precondition that assure P2 and Pud meet
the demand of the w

In system des the out_cod&, employs short code, and the inner code employs
the identical Ier& onger .f@ he’inner code will be abandoned straightly if the error
output of t code e ds the error detection/correction capability itself which lead
to lose the tage 0 tenated code instead. Therefore, the outer code using long

L/n] messages in each symbol, if the scrambling and
are employed in information process, the error information will be
in M messages, and q bits error character in each message whose

code, and contains,
mterleavmg proc i

bits. Set the error detecting capability of inner code is S bits, and the
geting capability is D bits. To achieve successful decoding, the
er from inner code decoding output must be not greater than the error
capability of out code.

Mg<n-1&q<(N-L)/2

The reason why 9 = (N—=L)/2 have to be met is the decoding ability of out code
will directly fail or information cannot be decoded correctly if the error number from
inner code decoding output beyond the error correcting capability. The range of

q: U=min [((n—1)/M), (N —1L)/2] , P represents the probability of successful
decoding, Pz represents the probability of failing to detect error.
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P, = P(a<U)
U
:z P(Nerpor =1)
i-0

U J—
=Z[ P(Ngrror =1/ H) Py + P(Nggeog =1/ H)(AL - phit):|
i=0
In which, P(Ngrror = t/H) presents the probability of error under collision,

p(NERRGR =i/ m

presents the probability of error under no collision.
p(NERROR =i/H)

Q-1 -1 ‘ |
= Z(QI jp(NERROR =i/H(Q))p,; (L- phit')Q—l V‘

P(N ERROR — i/H(Q))

_Z P(Nerror =1/ Ny _S)p(Nhn 6)) @
P(Newon =1/ Ny =5) \/

e

p(N,, =s/H(Q)
NA

And

N

OV -
Besides,O 6

@ROR =i/H)1- py) =[tnj Po (- Po)" (- Py)

Po represen BER, and equals to 10°.
Supp %e is no correlation between characters in inner symbol, so

Pe=Py"

@ rly
pudl =p(q >n_|)=z P(Negror =1)

i=n—|

And

(M i "\M-—
pud :Z i pud (1_ pud )
i=1
Which can be calculated directly on the basis of the derived result?
According to reference [2], the general throughput can be defined as
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_ KR,
q
In which, 7 is the rate of Concatenated Code, K is the quantity of active users,Pf is
the probability of no error transmission, q is the quantity of frequency slots. The

derivation processing is not noticed any more; take the related parameters Into the
Mentioned equation.

W

W:loko KPC
n N ¢

Set the rate of the out code as a constant, therefore
limw = L ° w

n—o q

Which gains the appropriate quantity of
maximum network throughput.

by approegchin

4. The Simulation and Verification . 0
The protocol is analyzed and stimulated with MAT@ th@ﬁl results are

frequency slots

as follows:

Table 1. The Statistical Resu r Opti te

Serial number | Innercode | Out code < p? 0\ Py a rR
1 RS (31,15) |RS (255,239) ¢ olRo1  [1.3874e-81 39 [0.9373
2 RS (31,15) |RS (255,127) o~ N 8.4839¢-82 39 [0.4980
3 RS (15,7) RS (255,127) &.o‘oom R 1.2995e-38 39 [0.4980
4 RS (31,15) [RS(511,255)  ° 00061 9¢ N.%  [15271e-81 39 [0.4990
5 RS (31,15) [RS (1023511 @‘ 8.7261e-07 N, 2.8845e-81 39 [0.4995
6 RS (31,15)  [RS (2047, 1028) ;.73% 5.5994e-81 39 [0.4998
7 RS (15,7) 9.9631e-38 39 [0.4998

RS (204% Z& -

According  to the Q@analys' ,’&7_1(1— Pe) and Pe=1—-B() =Pz
icat

realize no error c % 3'P°(')have to be 1 that led F= to be 0, @ take

value 3.9 by looKirg,tp the sta rmal distribution table.
The con ableli t of the testing data which provide the consult as follows:

1.the rat ystem j ted by the rate of out code mainly, if the rate of out code is
larger, the ra stem will be larger which imply higher code efficiency and

poorer err ction and detection capability;
2.When the@f out code reach certain level, the rate of system will trend to be
’Svproved to be limited that improve the system by increasing the rate of

stable, it
0 4
3.f ate of inner code and the rate of out code are all tend to be 0.5. The rate of
S

em will close to be 0.5, but never be 0.5. It’s the proper combination to ensure

% e system gain best error correction capability and error detection capability.

“In the algorithm, information is encoded by super long code before being divided
into short information which is encoded by short code. Through the way, system
gains the stronger decoding capability to recover system information even if a large
number of short codes improve the probability of collision.

5.1t’s easy to choose the optimal combination of code: RS (31, 15) as inner code, RS

(255,127) as out code for two reasons: first, P is relatively high; second, the
efficiency of encoding is high.
The analysis for frequency slot can be viewed in Table 2.
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Table 2. Simulation for Frequency Slot

Serial number L/N K P, P, q W
1 1/6 15 0.0014 1.3574e-81 20 0.1248
2 1/5 15 0.0165 8.4839¢-82 20 0.1475
3 1/4 15 0.00061 1.2995e-38 20 0.1874
4 1/3 15 0.00061 1.5271e-81 20 0.2498
5 112 15 8.7261e-07 2.8845¢-81 20 0.3750
6 112 15 1.7301e-12 5.5994e-81 20 0.3750
7 112 15 2.5519¢e-25 9.9631¢-38 20 0.3750
8 12 15 0.0014 1.3574e-81 20 0.3745
9 112 15 0.0165 8.4839¢-82 20 0.3688
10 112 15 0.00061 1.2995e-38 20 0.3748
11 12 15 0.00061 1.5271e-81 20 0.3748
12 12 15 8.7261e-07 2.8845¢-81 20 0.3750
13 112 15 1.7301e-12 5.5994¢-81 20 0.3750
14 112 15 2.5519e-25 9.9631e-38 20 3
15 112 15 0.0014 1.3574e-81 18
16 112 15 0.0165 8.4839¢-82 15 A0Y918
17 1/2 15 0.00061 1.2995e-38 ¢ 13, W\ 0.5766
18 112 15 0.00061 1.5271% 0.7495
19 112 15 8.7261e-07 2.88459,3\1 . 8 0.9375
20 1/2 15 1.7301e-12 940-81 }}/' 1.5
21 1/2 15 0.0165 (8.48%9e%82 W\ 0.3688
22 1/2 15 0.0165 84889e-82 V15 0.4918
23 112 15 0.0165 8.4839¢-82= 13 0.5674
24 1/2 15 0.0165 ‘08.48393&!0 10 0.7376
25 1/2 15 0.0165 L ) =~ 8.483%-8N 8 0.9220
26 112 15 0.0265\, 4839682 5 1.4753

The conclusion could be summ
1.Promoting the rate of oyt ¢
2.1t works to reduce g to im

fixed to some ext

normalized par:
literature
choose t

5. Concl

The paper focus
mathematic mo

utilized to opti

O

of qto

ve th

W)

@Hélpful

prove the throughput of systems;
ut of system when the rate of out code is
le will be invalid, for example w>1(W isa

ver Whidgs~e
and gan’tvexceed 1).It have been proved in the existing
thresh

f normalized throughput of async-FH is e*, and
ve the throughput close to e™, such as 20,15 or 13.

analysis for searching the optimal rate and frequency slot by
h is validated with Matlab that the theoretical analysis could be

e'the code type of R5 —R5 concatenated Code and the frequency slot.

Refe r@s

. Quan, S. Z. Xun and M. X. Fei, “A protocol of ISA-MAC using FH-TH associate with
%ncatenated coding”, Application Mechanics and Materials vols. 602-605, (2014), pp. 3721-3726

[ . Kim and W. Stark, “Optimum rate Reed-Solomon codes for frequency-hop spread-spectrum
multiple-access communication system”, IEEE Trans. Commun., vol. 37, (1989), pp. 138-144.

[3] S. Ghez, S. Verdu, and S. C. Schwartz, “Optimal decentralized control in the random access multipacket
channel”, IEEE Transactions on Automatic Control, vol. 34, no. 11, (1989), pp. 1153-1163.

[4] 1. Chlamtac and A. Farago, “An optimal channel access protocol with multiple reception capacity”,
IEEE Transactions on Computers, vol. 43, no. 4, (1994), pp. 480-484.

[5] G. Mergen and L. Tong, “Receiver controlled medium access in multihop ad hoc networks with
multipacket reception,” in Proceedings of the Military Communication Conference (MILCOM ’01),
Vienna, Austria, vol. 2, (2001), pp. 1014-1018.

[6] K. Sakakibara, M. Hanaoka, and Y. Yuba, “On the cusp catastrophe of slotted ALOHA systems with
capture and multi-packet reception”, in Proceedings of the IEEE Global Telecommunications
Conference, Sydney, Australia, vol. 5, (1998), pp. 3093-3098.

Copyright © 2016 SERSC 371



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[27]

[28]

[29]

372

L. Tong, Q. Zhao, and G. Mergen, “Multipacket reception in random access wireless networks: from
signal processing to optimal medium access control”, IEEE Communications Magazine, vol. 39, no. 11,
(2001), pp. 108-112.

J. J. G. L. Aceves, H. R. Sadjadpour, and Z. Wang, “Challenges: towards truly scalable ad hoc
networks”, in Proceedings of the 13th Annual ACM Int’l Conference on Mobile Computing and
Networking (MobiCom), pp. 207-214, Montreal, Canada, (2007).

J. J. G. L. Aceves, H. R. Sadjadpour, and Z. Wang, “Extending the capacity of ad hoc networks beyond
network coding”, in Proceedings of the Int’l Conference on Wireless Communications and Mobile
Computing (IWCMC ’07), pp.91-96, Honolulu, Hawaii, USA, (2007).

Z. Wang, H. R. Sadjadpou, and J. J. G. L. Aceves, “The capacity and energy efficiency of wireless Ad
Hoc networks with multi-packet reception”, in Proceedings of the 9th ACM International Symposium on
Mobile Ad Hoc Networking and Computing, Hong Kong, China, (2008), pp. 179-188.

Z. Wang, H. R. Sadjadpour, and J. J. Garcia-Luna-Aceves, “Fundamental limits of information
dissemination in wireless ad hoc networks-part Il: multi-packet reception”, IEEE Transactions on
Wireless Communications, vol. 10, no. 3, (2011), pp. 803-813.

S. Ghez, S. Verdu, and S. C. Schwartz, “Stability properties of slotted Aloha with multipacket
receptionca-pability”, IEEE Transactions on Automatic Control, vol. 33, no. 7, (1988), pp. 640-649. 4
V. Naware, G. Mergen, and L. Tong, “Stability and delay of finite-user slotted Al I‘M
multipacket reception,” IEEE Transactions on Information Theory, vol. 51, no. 7, pp.
2636-2656.

A. Dua, “Random access with multi-packet reception”, IEEE Transactio Wireless
Communications, vol. 7, no. 6, (2008), pp.2280—2288. .

N. Pappas, A. Ephremides, and A. Traganitis, “Stability and nce issu relay assisted
multiple access scheme with MPR capabilities”, in Proceedi IntefRgtional*Symposium of on

Modeling and Optimization of Mobile, Ad Hoc, an
110-116. \e

N. Pappas, A. Ephremides, and A. P. Traganitis, “Relay-Assisted Multiplg ‘Access with Multi-Packet
Reception Capability and Simultaneous Transmiss@d Recemio@ Information Theory Workshop
(ITW), 2011 IEEE, (2011), pp. 578-582. \

R. M. D. Moraes, H. R. Sadjadpour, and 3 ia-Luna-Ageves,” “Many-to-many communication: a
new approach for collaboration in MANE% Procegﬂ@he 26th IEEE International Conference
on Computer Communications (INFOC& 207), An aska, USA, (2007), pp. 1829-1837.

Netwagks (Wi@pt *11), (2011), pp.

A. J. Van der Veen and L. Tong, t separatio ireless ad-hoc networks by know modulus
algorithms”, in Proceedings of e@E Int‘er tonal Conference on Acoustic, Speech, and Signal
Processing (ICASSP ’02), O Fla, USA, vgl’ 002), pp. 2149-2152.

J.Y. Wu, W. F. Yang, L. C. Wang, and -%.e® “Signal modulus design for blind source separation

via algebraic known m S algorithr& erturbation perspective,” in Proceedings of the IEEE
International Symposi ircuits apd Systems, Seattle, Wash, USA, (2008), pp. 3013-3016.
R. Babu and R{x , "Blind ec%ation using Constant Modulus algorithm and Multi-Modulus

s
Algorithm in wi ommun systems”, International Journal of Computer Applications, vol. 1,
éwts.
Ton

ultiqueue service room MAC protocol for wireless networks with
M Transactions on Networking, vol. 11, no. 1, pp. 125-137, 2003.
y “SICTA: a 0.693 contention tree algorithm using successive interference

cancellation,” in
(INFOCOM 0
G. D. Celik, .
capability, an atially distributed nodes,” in Proceedings of the 27th IEEE Communications Society
Confe%gn Computer Communications, pp. 14361444, Phoenix, Ariz, USA, April 2008.

G. D&

¥

, G. Zussman, W. F. Khan, and E. Modiano, “MAC for networks with multipacket reception
% and spatially distributed nodes,” IEEE Transactions on Mobile Computing, vol. 9, no. 2, pp.
40, 2010.

~F.Yang, J. Y. Wu, and T. S. Lee, “An enhanced multipacket reception MAC protocol: cooperative
approach,” in Proceedings of the 3rd International Conference on Communications and Networking in
China (China Com ’08), pp. 516-520, August 2008.

J. Crichigno, M. Y. Wu, and W. Shu, “Minimum length scheduling in single-hopmultiple access
wireless networks,” in Proceedings of the IEEE International Conference on Communications, Captown,
South Africa, May 2010.

J. Jeon and A. Ephremides, “Neighbor discovery in a wireless sensor network: multipacket reception
capability and physical-layer signal processing,” in Proceedings of the 48th Annual Allerton Conference
on Communication, Control, and Computing, pp. 310-317, October 2010.

McCabe, Linda. Operator-in-the-loop experimentation: Providing combat utility measures. Proceedings
- IEEE Military Communications Conference MILCOM, p 2170-2175, 2011.

Goodman Jr, Glenn W. Machine-to-machine. Aviation Week and Space Technology (New York), v 165,
n 12, p 40-44, September 25, 2006.

Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

[30] Bigalk, Greg; Rogge, Tom. Developing technologies in the US Navy super hornet. Society of Flights
Test Engineers, SFTE 36th Annual Symposium Proceedings, p 81-98, 2005, Society of Flights Test
Engineers, SFTE 36th Annual Symposium Proceedings.

[31] Scott, William B. TAC-air Internet. Aviation Week and Space Technology (New York), v 164, n 25, p
51-53, June 19, 2006.

[32] M. L. Arianne, Quality of service for tactical data links: TDMA with dynamic scheduling”, Proceedings
- IEEE Military Communications Conference MILCOM, (2005).

[33] W. Robert, “Airborne LAN”, Aviation Week and Space Technology (New York), vol. 161, no. 18,
(2004), pp. 62.

[34] S. Tony, “DARPA successfully demonstrates Tactical Targeting Network Technology”, Jane's Defense
Weekly, (2005).

[35] E. A. Geraniotis and M. B. Pursley, “Error probabilities for slow frequency-hop spread spectrum
multiple-access communications over fading channel”, IEEE Trans. Commun., vol. 30, (1982), pp.

996-1009.
[36] G. D. Forney, “Concatenated Codes”, MIT research monograph, the MIT Press Cambridge Mass, no.
37, (1966).
[37] M. Hegde and W. E. Stark “Multiple-access capability of frequency hop spread-sgectrume
communications”, MILCOM '85 Conference Record, pp. 575-579.
%Cket
Communications”, IEEE Transactions on Communications, vol. 38, no. 6, (1990).

ency-hop

[38] A. W. Lam and D. V. Sarwate, “Time-Hopping and Frequency-Hopping Multiple-Ac
r
ommun., Contr.

[39] B. G. Kim and W. E. Stark, “Multiple-access capability of ReS-Solomon

spread-spectrum communication systems”, in Proceeding 24th [l&rton
Cornput., Univ. Illinois at Urbana-Champaign, Urbana, IL, (198 0-539.
[40] A. W. Lam, “A study of time-hopping and frequency-hoppifig ti-accesS\go
dissertation, Univ. Illinois at Urbana-Champaign, (1987
[41] Statistical priority-based multiple access system and met

*
A O
Wang Wei-q @ale, &s\@Northwestern Poly Technical
University, & 0072, and Sichuan Jiuzhou Electric
Group Co , Mianyang,* Sichuan, 621000, China. He was
born in , direct ner. The main research directions are

the d@link and BQQ ou navigation (6878400@qq.com).

nications”, Ph.D.

Copyright © 2016 SERSC 373



Internat ional Journa | of Multimedia and Ubiqguitous Engineering
Vol.11, No.9 (2016)

374 Copyright © 2016 SERSC





