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Abstract 

 
This paper presents a fair MAC protocol based on the CSMA/CA algorithm in visible light communication (VLC) networks. The 
problem of bandwidth sharing among differentiated priority in VLC networks can be solved by using number of backoff time and 
backoff exponent parameters with AIFS. The proposed algorithm can achieve fair allocation of the bandwidth resource among 
differentiated priority. The two dimension Markov chain is assisted for analyzing the proposed mechanism about throughput and 
delay metrics. Numerical results show that our proposed algorithm improves the fairness among different traffic flows.   
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1. INTRODUCTION 

In recent years, Visible light communication (VLC) is one 
type of short-range optical wireless communication system in 
which visible light is used as a transmission medium [1]. 
When compare with radio frequency system, VLC has some 
advantages such as: harmless to human body, providing high 
security, high data rates, license free frequency band, and no 
interference with radio frequency system (RF) especially 
aircraft equipment or medical instruments. Some schemes to 
support fairness had been proposed in literatures [2]-[6]. In 
paper [2], a fair scheme which uses differentiations of IFS 
(inter frame space) and CW (contention window) for two 
classes of STA (stations) is presented in an 802.11e WLAN. 
The service index-based fairness scheduling algorithm 
(SIB-FS) which accounts for the service received by each 
flow and adjusts the backoff time for fair service is presented 
in [3]. Albert Banchs and Xavier Perez [4] extended the DCF 
(distributed coordinator function) of IEEE 802.11 to provide 
weighted fair queuing in WLAN. A fair MAC protocol for 
IEEE 802.11 based ad hoc networks was proposed in [5] to 
design practical fair media access control frameworks. Paper 
[6] proposed a priority-based fair scheduling algorithm for 
subscriber stations to serve a mixture of uplink traffic from 
different scheduling services. There are many literatures 

which have analyzed the CSMA/CA algorithm by using a 
discrete-time Markov chain model [7]-[10]. In this paper, we 
proposed a modified CSMA/CA algorithm to support fair 
MAC protocol for differentiated priority. Our mechanism 
uses backoff exponent (BE), number of backoff times (NB) 
and arbitration inter frame space (AIFS) to control the 
channel access procedure.  

The rest of this paper is organized as follows: The 
proposed fair MAC protocol based on CSMA/CA algorithm is 
described in Section 2; Analytical model and performance 
analysis is addressed in Section 3; Numerical results are given 
in Section 4; finally Section 5 concludes this paper. 

2. PROPOSED A FAIR MAC PROTOCOL BASED 
CSMA/CA 

 

In this subsection, we describe the operation of modified 
CSMA/CA algorithm of IEEE 802.15.7 to provide fair 
protocol among differentiated priority in Fig. 1. The 
CSMA/CA algorithm first initializes the NB to zero and two 
values BE and NBmax depend on the priority levels of packet. 
Based on BE value, the algorithm locates the boundary of 
the next backoff period for the device. The device generates 
a random number in the range 0 to (2BE[l] – 1) and then it 
waits until the random number is reduced to zero in order to 
perform CCA. The PHY layer performs a CCA to check 
whether the channel is busy or not. If the channel is sensed 
busy, the algorithm will increase the NB and BE values by. 
If NB exceeds the NBmax value, then the packet is discarded 
due to channel access failure. If the NB value is equal or less 
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than NBmax value, the algorithm will relocate backoff period 
boundary. Then it will apply backoff delay process again. If 
the channel is idle, the packet is transmitted successfully.  

 

 
Fig. 1. CSMA/CA MAC protocol for supporting fairness 

3. ANALYTICAL MODEL  

Let s(l,t) and c(l,t, be the stochastic processes values 
representing the value of NB, value of the backoff counter 
(BE) at time t, respectively. Fig. 2 represents the Markov 
chain model which a node transmits a packet. In Fig. 2, we 
denote some MAC parameters such as: W0 = 2BE[l], Wi = 
2iW0, m[l] = NBmax = m for packet with priority l level. 
(-1,0) represents the state of an empty queue of a device. α 
is the probability that the channel is busy when a device in l 
level is sensing in CCA procedure. P0 is the probability that 
the queue has packet to send. 

P{-1,0│-1,0}=1- P0                  (1) 

P{0,j,│-1,0} = P0/W0, j  [0, W0 –1]      (2) 

P{i,j-1│i,j}=1 , i  [0, m], j  [1, Wi – 1]  (3)                          

P{-1,0│i,0} = (1 – P1)(1-α), i  [0, m]     (4)             

P{-1,0│m,0} = P1α                    (5)             

Equation (1) is the probability of empty queue which was 
empty in the previous state. Equation (2) shows the 
probability of going back to the first backoff stage from the 
idle stage. Equation (3) represents the reducing of backoff 
counter. Equation (4) represents the probability of going 
back to the empty queue stage after packet transmission.  
Equation (5) represents the probability of going back to the 
idle stage due to the retry limit. 

We have the stationary distribution of the Markov chain 

model as: bi,j,k = lim
t→∞

P{s(l,t) = i, c(l,t) = j, r(l,t) = k}, i  [0, 

m], j  [-CW, Wi – 1], k  [0, n]. With the special case b-1,0,0 

= lim
t→∞

P(-1,0,0). 

By the normalization condition, we know that: 
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According to the relationship between stable states we 
have: 
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With the Markov chain regularity we have:  
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Based on the above formulas, we calculate apart of 
equation (6): 
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Substituting equation (10) and equation (11) into 
equation (6) we have: 
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The probability that a device in priority l level tries to 
transmit packet in the unit backoff period:  
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Based on lω  value, we will calculateα : 
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Let S[l] be the normalized throughput of the device in 
the l priority level, with l  [0, L]. Then the normalized 
throughput can be expressed as the following ratio: 

average successful transmitted data bytes

average time

[

 inteva

]
]=

l
[l

[ ]

E
S

E  

       
[l]T

= s p

I s s c c

P

P PT PTδ + +
          (15) 

where Ps, PI, Pc, Tp, Ts, and Tc are the probability of a 
successful transmission, idle channel, busy channel, the 
time to transmit the packet payload, the average durations 
for successful transmission and collision, respectively.   

We define the delay of a packet, D, which is the time 
elapsed from the instant of the generation of the packet to 
the instant of the successful reception or drop of it. The 
value of D is depended on the l priority level. So, E(D) is 
the mean value of D. The mean value E(D) can be given by: 

[ ]( ) [ ]( ) [ ][ ] [ ]( )( )( )
c c s

E D l E N l E B l T E B l T= + + +

(16) 
where Nc[l] is the number of collision before transmitting a 
packet for the priority l level. B[l] denotes the time interval 
of average backoff delay and the CCA delay. So E([l]) is 
the mean value of B[l].  

4. NUMERICAL RESULTS 

In this section, the modified CSMA/CA algorithm with 
AIFS will be validated through two performance metrics: 
throughput and transmission delay. The numerical result 
also bases on the parameters in specifications of the IEEE 
802.15.7 in [1]. We used the PHY type I with OOK 
modulation scheme and 24.4 kb/s data rate in the numerical 
performance. 

 

 Fig. 2. Markov Chain model. 

We also assume that the numbers of devices in each 
priority level are same and the maximum numbers of 
devices in each level are 10 devices. We set L = 1 in the 
numerical results or there are two priority levels. So, we 
have high priority (L=0) and low priority (L=1). Each 
priority class is assigned an AIFS. To investigate the impact 
of multi-parameters on the VPAN, we set the 
multi-parameters correlative with high priority and low 
priority as follow: BE[l] are set to 3 and 5, respectively, and 
NB[l] is set to 4 for any BE[l] value. NB[l] are set to 6 and 
2, respectively, and BE[l] is set to 4 for any NB[l] value.  

In Fig. 3 and Fig. 4, we reported the throughput and 
transmission delay when the number of devices increases 
with proposed fair MAC protocol in analysis. The 
throughput is decreased as number of devices is increased 
because of sharing the bandwidth capacity. The 
transmission delay is increased as number of devices is 
increased due to the probability of a collision becomes 
larger. The higher priority achieves higher throughput and 
lower transmission delay.  

 



Fairness CSMA/CA MAC Protocol for VLC Networks 17
 

 

 

2 4 6 8 10

1

2

3

4

5

6

7

8

9

Throughput: analytical
P.level    High      Low     
BE               
NB                  

Th
ro

ug
hp

ut
 [k

bp
s]

Number of devices in each level
 
Fig. 3. Comparison of throughput with different levels. 
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5. CONCLUSION 

This work presents a fair MAC protocol using modified 
CSMA/CA algorithm with AIFS in IEEE 802.15.7 VLC 
system. A discrete time Markov is used to model the 
procedure of proposed mechanism and analyze the 
throughput and transmission delay. The numerical results 
show that our proposed mechanism is appropriate to support 
fair MAC protocol for differentiated priority.  

 

 

ACKNOWLEDGMENT 

This work has been supported partially by 
‘Broadcasting-Communications R&D Program’ of Korea 
Communications Commission/Korea Communications 
Agency (No. 11911-01111).  

 

REFERENCES 

[1] IEEE P802.15.7, Part 15.7: PHY and MAC Standard for 
Short-range Wireless Optical Communication Using 
Visible Light; Available online:  
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=601
6195 (accessed on 20 March 2012).  

[2] R. G. Cheng, C. J. Chang, C. Y. Shih, and Y. S. Chen, 
“A New Scheme to Achieve Weighted Fairness for 
WLAN Supporting Multimedia Service,” IEEE Trans. 
Wireless Communications, Vol. 5, pp. 1095-1102, 2006. 

[3] Y. Q. Chen, K. M. Roh, and S. J. Yoo, “Service 
Index-based Fairness Scheduling in Wireless Ad Hoc 
Networks,” Computer Communications, Elsevier., Vol. 
29, pp. 2934-2944, 2006.  

[4] A. Banchs and X. Perez, “Distributed Weighted Fair 
Queuing in 802.11 Wireless LAN,” in Proc. ICC 
communications of IEEE international conference, pp. 
3121-3127, 2002. 

[5] B. Bensaou and Z. Fang, “A Fair MAC Protocol for 
IEEE 802.11-Based Ad Hoc Network: Design and 
Implementation,” IEEE Trans. Wireless Comm., Vol. 6, 
pp. 2934-2941, 2007. 

[6] Y. Wang, S. Chan, M. Zukerman, and R. J. Harris, 
“Priority-based Fair Scheduling for Multimedia WiMAX 
Uplink Traffic,” IEEE  ICC, pp. 301-305, 2008. 

[7] M. E. Rivero-Ángeles, D. Lara-Rodríguez, and F. 
Cruz-Pérez, “Differentiated Backoff Strategies for 
Prioritized Random Access Delay in Multiservice 
Cellular Networks,” IEEE Trans. Vehicular Tech. Vol. 
58, pp. 381 – 397, 2009. 

[8] J. He, L. Zheng, Z. Yang, C. T. Chou, and Z. Tang, 
“Analytical Model for Service Differentiation Schemes 
for IEEE 802.11 Wireless LAN,” IEICE Trans. 
Communications, Vol. E87-B, pp. 1724-1729, 2004. 

[9] J. Misic, S. Shafi, and V. B. Misic, “Performance of a 
Beacon Enabled IEEE 802.15.4 Cluster with Downlink 
and Uplink Traffic,” IEEE Trans. Parallel Distributed 
System, Vol. 17, pp. 361–376, 2006. 

[10] V. V. Huynh, L. N. Tuan, and Y. M. Jang, “Priority 
MAC based on Multi-parameters for IEEE 802.15.7 
VLC in Non-saturation Environment,” Journal of Korea 
Information and Communications Society (KICS), Vol. 
37C, pp. 224-232, 2012. 

 
 
 
 
 
 
 
 
 



18 Journal of Advanced Smart Convergence Vol.1 No.1 14-18 (2012)
 

 

Vu Van Huynh  
He received the diploma in Faculty of 
information and communication 
Technology from Ha Noi University of 
Science and Technology, Viet Nam in 
2010. He is currently Master student in 
Department Electronics Engineering, 
Kookmin University, Korea. His research 

interests are visible light communication, MAC protocol, RFID, 
LED-ID, and localization based service. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yeong Min Jang  
He received the B.E. and M.E. degree in 
Electronics Engineering from Kyungpook 
National University, Korea, in 1985 and 
1987, respectively. He received the 
doctoral degree in Computer Science 
from the University of Massachusetts, 
USA, in 1999. He worked for ETRI 

between 1987 and 2000. Since September 2002, he is with the 
School of Electrical Engineering, Kookmin University, Korea. 
His research interests are 5G Mobile, radio resource 
management, LED-ID, VLC networks, multi-screen service, 
and convergence networks. 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


