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At present, the global growth of communication needs makes us more efficient in using of the frequency
spectrum. The development of communication systems requires an increase of throughputs, but the frequency
spectrum is limited, which will not allow to increase the channel width or the number of channels. Assuming
that at one frequency there is an opportunity to transmit several mutual interference signals at one time, the
problem of the separation of these signals arises. But, complexity of demodulation procedures has significantly
increased compared to the classical. It is necessary, therefore, to determine whether this complexity increasing
will be justified. To answer this question, it is necessary to find out how the throughput of the random
multiple access system increases, where the frequency resource multiple reusing is possible. For research was
chosen the carrier sense multiple access protocol, which have become widespread in packet networks for their
successful combination of relative simplicity of access algorithms and fairly high efficiency. The purpose of
the research is to determine the main characteristics of the various carrier sense multiple access protocols
with collision detection and with additional assumption about conflicts resolving at the physical layer.
The parameters of the carrier sense multiple access protocols with collision detection and with additional
assumption about conflicts resolving at the physical layer are obtained. It is shown that in comparison
with the classical protocol, the assumption about paired conflicts resolving at the physical layer gives the
significant increasing of the throughput in the communication systems with such access protocols. The
comparison results are given. The obtained results allow to confirm the expediency of implementation in
demodulators of the perspective receiving devices algorithms of conflicts resolving at the physical layer as
being characterized by relatively small complexity.
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Introduction

With the rapid development of telecommunication
networks and the continuous increase of their traffic.
There is an urgent need to consider about reusing of a
frequency resource by complicating demodulators that
will be able to receive two or even more interfering
signals .

For specialized radio networks in Ukraine fi-
xed bands are allocated?, which are identified and
controlled by radio frequency distribution services. At
the same time, the number of subscribers of such
networks and the intensity of information exchange in
them gradually increase. The solution of the problem
of frequency resource deficit can be based on its reusi-
ng — for example, by the methods of the multiuser
detection theory [1-7]. However, algorithms for opti-

1https ://news.finance.ua/ua/news/-/431277/
2https://wuw.kmu.gov.ua/ua/npas/39517235

mal demodulation of mutually interferingsignals are
characterized by rapid increasing of complexity — its
exponential dependence on the number of mutually
interferingsignals thatmust be separated. Even when
mutually non-orthogonal signals are 2-3, the appropri-
ate algorithms are nontrivial (see, for example, [3-10]).
Therefore, apractical interest is the question of how
much the parameters of a random multiple access
protocol will improve with conflictsresolving between
radio signals in receiver demodulators, that is, at
the physical layer. Such parameters firstlyare their
throughput and the average time before the successful
transmitting [7,12].

The purpose of the article is to summarize the
obtained results about the throughput of the widely

used CSMA-CD protocol [7,11,12], and to calculate the
average time before the successful transmittingwith an

https://zakon.rada.gov.ua/laws/show/1208-2005-%DO0%BF
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additional assumption about conflicts resolving at the
physical layer (CRPL). Were selected examples that
expected for the possibility of technical implementation
in the near future — the CRFL multiplicity 2 and 3.

1 Throughput of the CSMA-CD
protocol with CRPL

The CSMA-CD protocol functions as follows.
Requirements for the simplest flow with the parameter
) enter the service system. The servicing of each requi-
rement is a two-stage exponentially distributed with a
parameter p1 on the first and ps at the second stage.
The description of the service in the analyzed queu-
ing system (QS) in the form of a two-stage procedure
is due to the fact that at a certain random interval
of time, initially, the transmission of messages to all
users should be allowed. At the end of this random
time interval, depending on the number of processed
(identified) applications at the first stage, there ari-
ses either their reset to the source of recurring calls
(SRC) with intensity z (if there was an unresolved
conflict) or successful non-conflict service in the second
stage. Thus, the task of the first stage is to “collect”
a certain number of applications for further servici-
ng, and the task of the second — useful service. In
real communications networks, this can be interpreted
as the generation by terminals of some autonomous
signal of a prohibition of transmission after the first
phase to the end of the second (non-conflict) phase —
autonomously for each terminal, that is, as a procedure
for detecting all terminals by the fact that the channel
is occupied with the allowable number of signals (in
the examples, considered one, two or three) or as a
procedure for detecting an unresolved conflict at the
first stage, but which arose as a result of decentralized
management. The simplest (Poisson) flow is considered
as it has stationary properties and no aftereffect.

The stationary equations obtained in previous
papers have the form:

— when serving only single applications of
exponentially distributed duration [12]:

€22 + 2 (48k + 28 + 2¢k* — 2k) +

+482k+ 3 12622 =0. (1)

Here and then

A b M1 . x
2 M2 M2

Nazarov’s proposed asymptotic method of QS
analysis is determined not by the system load, but by
the intensity of the repetition of a single call when this
intensity approaches zero. The network performance
thus reaches the maximum value, that is, asymptotic
analysis in this case allows to determine the limiting

(by productivity) capabilities of access protocols and
to obtain analytical expressions that determine the
dependencies for their basic numerical characteristics.

Also, using previously obtained results in this area
of research and for a description of obtaining stationary
equations, see [11]:

— when it is solving paired conflicts between appli-
cations of non-coincident random duration [11]:

€27 + (9kE — 12K% + 9k%E +26%) 2+

+ & 49k + K% =0; (2)

— when it is solving pairs of conflicts between
applications of coincident random duration [11]:

€22 + (9¢k — 12K% + 3¢k% + 26%) 2+

+ 63492k + 362k =0; (3)

— when it is solving triple conflicts between appli-
cations of non-coincidentrandom duration:

€22 + (16€k — 36k? + 22¢k% + 26%) 2+

+ &3 +166%k + 22822 = 0;  (4)

— when it is solving triple conflicts between appli-
cations of coincident random duration:

€22 + (16€k — 36k2 + 12¢k>+

+ 2632 4 €3+ 1662k + 126%k2 = 0. (5)

For clarity, the results of the throughput analysis
using the equations (1)-(5) are shown in Fig. 1.
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Fig. 1. Throughputs of CSMA-CD protocols

The obtained dependencies testify to the following.
If the CRPL is multiplied by 2, then on the conditi-
on that their exponentially distributed non-coincident
times of service requests in the second stage, the
throughput is asymptotically reaching 1.33, and if, at
the same time, they are random but coincide with the
duration it is reaching 2 (it doubles).

When successful simultaneous servicing of three
applications is possible, this also gives a further
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noticeable increase in throughput. When serving at
the second stage of applications with non-coincident
random duration, the throughput reaches 1.63, whi-
le when processing applications of coincident random
duration it is reaching 3 (increases asymptotically three
times as compared with [10]).

2 The average time before the
start of successful servicing

The average time before the start of successful
servicing can be determined by the number of repeated
unsuccessful attempts. Attempting to get to the second
stage of service will be successful only if the first stage
reveals the number of applications (which then enters
the second, stage of service without conflicts), which
does not exceed the possibilities of resolving conflicts
at the physical layer. Otherwise, after the first stage,
all applications are sent to the source of repeated calls.

The appropriate expressions have the form:

— when it is serving only individual applications:

(i 5a)
— + — |
M1 H2

— when it is solving pairs of conflicts between appli-
cations of non-coincidence durations:

T ( 1 n 1 n 1 >
= _— _— —_— 3’/‘;
2u1 0 2p2 0 po

— when it is solving pairs of conflicts between appli-
cations of the coincidence duration:

_ 1 1
T - ( + ) 7
2u1  pe

— when it is solving triple conflicts between applicati-
ons of non-coincidence durations:

T ( 1 N 1 N 1 N 1)
31 3pe 2pe e

— when it is solving triple conflicts between applicati-
ons of the coincidence duration:

(gt m)
g1 2

The results of calculations by the formulas (6)-(10)
at the edge of existence of stationary equations (1)-(5)
are presented at the graphic of Fig. 2
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Fig. 2. Dependence of the average time before the
successful transmitting from the intensities of appli-
cations servicing

The payment for an increasing the throughput
at the CRPL is a significant growth of the average
time before the successful transmitting in the
analysed protocols when reached their throughputs.
For example, even with k& = 5 and solving conflicts
of multiplicity 2, the average time before the successful
transmitting is increased by 2.79 times, if the duration
of the servicing of both applications coincide, and by 4
times, if not coincide.

Depending on the average time before the successful
servicing from the intensity of the incoming stream (at
k = 10) shown at graphic Fig. 3. The comparison of
these graphics shows that when applying the protocols
with the implementation of the CRPL procedures it
is necessary to significantly shorter time before the
successful transmitting with the served load equal
to the protocol throughput without the CRPL. For
example, with the CRPL the servicing of paired appli-
cations of non-coincidence durations is less than 2.9
times and 9.8 times — at their coinciding durations,
and at CRPL multiplicity of 3 —in 7.6 and 18.7 times
in accordance (see vertical dotted line at the Fig. 3). If,
however, compare the average time before the start of
the successful servicing of the CSMA-CD with the same
condition, but without the CRPL, with this parameter
in other protocols, we obtain an increasing of the
throughput with the CRPL multiplicity of 2 in 1.3 and
1.8 times, and at multiplicity of 3 in 1.65 and 2.58 times
- (see the horizontal dotted line in Fig. 4).
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Fig. 3. Dependence of the average time before the
successful transmitting from the intensity of the
incoming stream of applications
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Fig. 4. Comparison of the served load of the CSMA-CD
protocols with the CRPL with the classical CSMA-CD
protocol

Conclusions

1. Resolving conflicts at the physical layer signi-
ficantly improves the throughput of the CSMA-CD
protocol: in 1.33 + 2 times, with the successful resol-
ving conflicts of multiplicity 2 and 1.63 + 3 times when
solving conflicts of multiplicity 3. When really achi-
evable values k € (5+50) such an increase ranges from
1.38 to 2.2 when it is solving conflicts of multiplicity 2
and in the range from 1.72 to 3.46 when it is solving
conflicts of multiplicity 3 in accordance, depending on
the coincidence or non-coincidence of the servicing time
of applications at the second stage.

2. The average time before the successful transmi-
tting, assuming the CRPL and the incoming stream
intensities equal to the throughput of the analyzed
protocols, increases significantly —in 1.8 + 5.67 times,
depending on the multiplicity of resolving conflicts
and the coincidence or non-coincidence of the servi-
cing durations. At the same time, when the average
time before the successful servicing is limited by the
throughputs of the CSMA-CD protocols without the
RCFR, the served load of the protocols with the CRPS
increases in 1.3 < 2.58 times, depending on the above-
mentioned factors.

3. Comparison of the throughputs and the average
time before the successful servicing of CSMA-CD
protocols proves the expediency of implementing
CRPL even with minimal multiplicities of 2-3. The
task of resolving conflicts with multiplicity greater
than 2-3 exponentially complicates the demodulator
circuits, and further increases the throughput (except
when the duration of all the second phase applications
is coincident).
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Ilapamerpu nporokoais M/IKH-BK npn
po3B’a3anui KoHQIIKTIB HA QizmIHOMY
piBHI

Epoxin B. @., Ioasxosa A. C., Cboes P. FO.,
Toav B. /1.

Ha renepimuiit wac riobanpHe 3pocTaHHd TOTPEd y
3B’93Ky 3MylIye HAC Oiabm edeKTUBHO BUKOPHCTOBYBa-
TH YaCTOTHWIl CIeKTp. PO3BUTOK cmcTeMm 3B’si3Ky MOTpe-
Oye 3017bIIeHHs TPOILyCKHUX CIIPOMOXKHOCTEN, IIPU IHOMY
YACTOTHUI CIEKTP OOMEYKEHWi, Mo He J03BOJUTEH 30i/1b-
MIyBaTW NIUPUHY KAHAJIY YU iX KITbKiCTh. fKIIo 3pobutm
IPHUIYIIEeHHS, [0 Ha OIHIN YaCTOTI iICHYy€ MOXKJ/INBICTH II€pe-
JaBaTH OJpa3y JEKiTbKa B3aEMO3aBaKAIUNX CUTHAJIB, TO
BUHHKAE 3aJa9a PO3ILTeHHsS mux curHamis. O4ueBraHOo, 1m0
CKJIAJHICTH IPOLEAYD JAeMOIYJIAIil CyTTEBO 3POCTE B IIOPiB-
HAHH] 3 Kaacuaanmu. Tomy HeoOximHO 3'scyBaTn, um Oymne
BUIIPABIAHUM TaKe 3pocTanHs ckiaaaocTi. [11o6 BigmosicTu
Ha 1 HATAaHHsd, HEOOXIJHO BU3HAYUTH — SK 301/IbHIATHCS
TMPOIYCKHA CITPOMOYKHICTH JESKOI CHCTEMHU 3B’SI3KYy 3 BU-
TMAJIKOBUM MHOYXKWHHAM JOCTYIIOM, Jie MOKJINBE KpPaTHe
HOBTOPHE BHKOPHCTAHHS 9aCTOTHOTO pecypcy. lnsa mocsi-
JXKEeHHsT 00epeMO MPOTOKOJIM MHOKUHHOTO JTOCTYTY 3 KOH-
TPOJIEM HECIBHOI, 0 HAOY/IN IMUPOKOTO TIONMTUPEHHS B TTaKe-
THHAX MepexKax 3a IX BJlaJjie HOEIHAHHS BlIIIHOCHOI IIPOCTOTH
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aJITOPUTMIB IOCTYITYy Ta JOCUTH BUCOKOI epekTuBHOCTL. Me-
TOIO TOCJIIIKEHHST € BU3HATEHHSI OCHOBHUX XapPaKTEPUCTUK
PI3HOBHIB TPOTOKOJIIB MHOXWHHOTO JIOCTYIIy 3 KOHTPO-
JIeM HECiBHOI Ta BHSBJIEHHSM KOH(MDJIKTIB 3a J0/IaTKOBUX
MPUIYIIEeHb PO PO3B’si3aHHs KOHMJIKTIB Ha (dizuaHOMY
piBHi. By omeprkaHi mapaMeTpy IPOTOKOJIIB MHOKHWHHOTO
JOCTYILy 3 KOHTPOJIEM HECiBHOI Ta BUABJIEHHSM KOHOJII-
KTiB 32 JOJATKOBHMX MPUIIYIIEHb MPO X PO3B’sI3aHHS HA
dizuuamomy pisui. Iloxkazamo, mo B mopiBHAHHI 3 Kjacu-
9HAM IIPOTOKOJIOM 33 IPUIIYIIEHHS IIPO PO3B’d3aHHS IIap-
HUX KOHGMUIKTIB HA (I3UIHOMY piBHI CyTTEBO MiIBHILYyE-
THCSI IPOIIYCKHA CIPOMOYKHICTH CHCTEMH 3B’SI3KYy 3 TaKHM
MIPOTOKOJIOM A0CTyIry. HaBeseni pe3yabTaTv IOPIBHIHHS.
Opneprkani pe3ysIbTaTi TO03BOJSIOTH CTBEPIZKYBATH IIPO JI0-
HJIBHICTH BIIPOBAKEHHS B JEMOIY/IATOPH IIePCIEK TUBHUX
NpuiMaJJIbHUX IIPUCTPOIB aJIrOPUTMIB PO3B’d3aHHA KOH.Ii-
KTiB Ha (DI3UIHOMY PiBHI K TAKWX, [0 XaPAKTEPU3YIOTHCS
BITHOCHO HEBEJIMKOIO CKJIQIHICTIO.

Karowosi BANAJKOBUN MHOXKWHHHN [JOCTYII;
M/JKH-BK; po3s’sizanns koH(}UIKTIB Ha (i3uIHOMY DiB-
Hi; Teopist 6araTOKOPUCTYBAIBKOIO JeTeKTYBAHHS; CUCTEMHI
MacOBOTO 0OC/IyrOBYBaHHS

cnoear

IlapameTpsr mnporokosoB MJ/IIKH-BK
npu paspeiieHnn KOH(MINKTOB HA pusu-
YeCKOM YPOBHE

Epoxun B. @., Iloasxosa A. C., Céoes P. IO.,
Toav B. /1.

B crarbe mpejcraBieHbl ypaBHEHUsI CTAIMOHAPHOCTHU
IPOTOKOJIOB MHOXKECTBEHHOI'O JIOCTYIIA C KOHTPOJIEM HECY-
meil 1 O0HApYKEHNEM KOHMJIMKTOB IMPU TOTIOTHUTETHHOM
HPEIOJIOKEHUA O Pa3pelleHnn KOHMINKTOB Ha (dusude-
ckoM yposae. HaBejieHbl pe3ysibTaTbl CDABHEHUs] HECKOJIb-
KHUX TTPOTOKOJIOB IO TPOITYCKHON CIIOCOOHOCTH U CPEIHETO
BPEMEHHM /10 HaYaja yCIenrHow mnepemauu. llosrydeHHbie
pe3y/bTaThl O3BOJILIOT YTBEPXKIATh O 1e1eco0bpa3HocTu
BHEJIPDEHUST B JAEMOIYJISTOPHI TEPCIEKTUBHBIX MMPUEMHBIX
YCTPONCTB aJrOPUTMOB pelieHusi KOHGMINKTOB Ha dusmde-
CKOM YPOBHE C OTHOCHUTE/IbHO HEOOJIbIIONH CI0KHOCTBIO.

Karouesvie cn06a: caydaliHbIil MHOXKECTBEHHBIN TOCTYII;
MJIKH-BK; pa3spemenune kKoHMDIMKTOB Ha (HU3KIECKOM
YPOBHe; Teopus MHOIOIOJIB30BATEIbCKOI0 JeTeKTUPOBa-
HUS; CHCTEMBI MaCCOBOIO OOC/TY K MBAHUS
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