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Abstract— We report that broadcast messages in Mobile 
WiMAX networks should be synchronized throughout all 
the base stations to gain the benefit of beamforming 
technique. A simple synchronization implementation of 
broadcast messages in Mobile WiMAX networks is 
presented. Using this technique, the interference between 
broadcast messages and beamformed messages can be 
reduced.  

 
Index Terms— Mobile WiMAX, beamforming, 

synchronization, broadcast messages 
 

 
I. INTRODUCTION 

 
MOBILE WiMAX (Worldwide Interoperability for 

Microwave Access) is one of the next generation 
wireless telecommunication technologies, which is 
based on the IEEE 802.16 standard [1]. In Mobile 
WiMAX networks, lots of multiple antenna techniques 
have been considered to enhance the system 
performance [2]. Among them, beamforming technology 
has been considered as a promising technique to increase 
cell coverage and achievable data rate [3]. Beamforming 
is an energy focusing technique toward a certain user 
achieved by choosing appropriate weights for each 
antenna element with a certain criterion [4]. One of the 
widely used beamforming technology is channel 
inversion and regularization technique [5]. The 
beamforming technology reduces interference from the 
other signal sources and increase signal to interference 
and noise ratio. 

However, beamforming function cannot be used for 
broadcast messages because broadcast messages should 
be delivered to all the users in a cell. Therefore, 
broadcast messages are transmitted without 
beamforming processing. The broadcast messages in the 
current Mobile WiMAX networks are transmitted at 
different time depending on each base station (BS) since 
there is no regulation in IEEE 802.16 standard about the 
synchronization of broadcast messages among BSs. 

Therefore, broadcast message transmitted by a BS can 
be interfered by beamformed messages transmitted by an 
adjacent BS, as illustrated in Fig. 1 (c). If all BSs 
transmit broadcast messages or beamformed messages at 
the same time, the interference between broadcast 
messages and beamformed messages can be reduced, as 
illustrated in Fig. 1 (a) and Fig. 1 (b). Our simulation 
result shows that data throughput decreases by about 
12 % due to interference if one BS sends a beamformed 
message while neighboring BSs are transmitting 
broadcast messages.  

To solve the problem, we propose a simple 
synchronization method of broadcast messages over all 
BSs for proper beamforming performance in Mobile 
WiMAX networks [6]. 

 

 
 
Fig. 1. The requirement of synchronization of broadcast 

messages for beamforming function. (a) When all 
BSs transmit beamformed messages. (b) When all 
BSs transmit broadcast messages. (c) If a BS 
transmits broadcast messages while other BSs are 
transmitting beamformed messages, it can cause 
interference between the beamformed messages 
and the broadcast messages. 
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II. BROADCAST MESSAGES 
 

MAC (medium access control layer) management 
messages used in Mobile WiMAX networks are listed 
in IEEE 802.16 standard [7]. Out of the MAC 
management messages, the currently used broadcast 
messages are listed in Table I.  

In Table I, UCD is UL (uplink) channel descriptor 
message transmitted by BSs at a constant periodic 
interval (about 1~2 second depending on 
implementation), which defines the characteristics of 
an UL physical channel. DCD is DL (downlink) 
channel descriptor message transmitted by the BSs at 
a constant periodic interval (about 1~2 second 
depending on implementation), which defines the 
characteristics of a DL physical channel. MOB_TRF-
IND is a traffic indication message which indicates 
whether there has been traffic to each mobile station 
(MS) in sleep mode. MOB_TRF-IND is transmitted to 
MSs in sleep mode during listening windows. Time 
interval of listening windows is dependent on power 
saving class [7] and it may not be a constant value. 
And, the number of MSs in sleep mode is different in 
each cell.  

MOB_NBR-ADV is neighbor advertisement 
message at a periodic interval (about 2 second 
depending on implementation). This message is to 
identify the network and define the characteristics of 
neighbor BSs to potential MSs seeking initial network 
entry or handover. MOB_PAG-ADV is BS broadcast 
paging message during the BS paging interval. This 
message is related to idle mode and its time interval is 
dependent on idle mode window. And also, the 
amount of this message is different in each cell. SII-
ADV is service identity information message at a 
periodic interval (around 5 second depending on 
implementation). This message is to broadcast a list 
of network service provider identifiers.  

As explained above, some broadcast messages have 
a period while some broadcast messages do not; the 
time interval of some broadcast messages depend on 
sleep or idle mode window. In sleep or idle mode, the 
time interval of listening window is doubled at each 
attempt. Thus, even in sleep or idle mode window, 
there is a common divisor time for transmit time (~ 
300 ms for sleep mode and ~ 1200 ms for idle mode) 
and the transmit time can be synchronized. 

Because the amount of broadcast messages is 
different depending on each cell, perfect 
synchronization of broadcast messages is theoretically 
impossible. Nevertheless, we can make a rule to 
increase the possibility of synchronization of 
broadcast messages and reduce the interference 
between broadcast messages and beamformed 
messges. 

 

TABLE I  
BROADCAST MESSAGES IN MOBILE WIMAX  

 

Broadcast
Messages

Description Period

UCD UL channel 
descriptor Fixed value

DCD DL channel 
descriptor Fixed value

MOB_TRF-IND Traffic indication 
message

Depends on sleep-
mode window

MOB_NBR-ADV
Neighbor 

advertisement 
message

Fixed value

MOB_PAG-ADV BS broadcast 
paging message

Depends on idle-
mode window

SII-ADV
Service Identity 

broadcast
Fixed value

 
 

 
III. SYNCHRONIZATION ALGORITHM AND 

DISCUSSION 
 
To synchronize the broadcast messages throughout all 

BSs, we propose a new algorithm, as illustrated in Fig. 2. 
In the proposed algorithm, we assumed that every BS has 
precise clock information via GPS (global positioning 
system) or network synchronization protocol such as 
IEEE 1588 [8].  

The first step is numbering the frame according to the 
clock information so that every BS has the synchronized 
frame number. The second step is defining start time, 
period, and time interval for each broadcast message 
identically so that each type of broadcast message can be 
transmitted at the same time throughout all BSs.  

The third step is the most complicated step in the 
algorithm. Since there are several kinds of broadcast 
messages that have different time intervals and periods, in 
some cases, several broadcast messages happen to be 
scheduled to transmit in the same frame. However, if 
there is not enough room for the broadcast messages, 
some broadcast messages supposed to transmit in the [N]th 
frame is delayed to the next frame ([N+1]th frame). In this 
case, the next transmit time of the broadcast messages 
should be the [N+period]th frame, not the [N+1+ period]th 
frame which is the current implementation.  

Fig. 3 shows the importance of the third step. The 
reason of defining the third step is that the occurrence of 
the irregular broadcast messages, MOB_TRF-IND and 
MOB_PAG-ADV, is different depending on each cell. 
It is dependent on the sleep/idle mode windows and 
the number and status of MSs in each cell. Thus, the 
purpose of the third step is to increase the possibility of 
synchronization of broadcast messages throughout all BSs 
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even when occurrence of the broadcast messages, 
MOB_TRF-IND and MOB_PAG-ADV, is not identical. 
If the third step is not applied, as illustrated in Fig. 3 (a), 
broadcast messages in BS1 and BS2 will not be 
synchronized. However, if the third step is applied, as 
illustrated in Fig. 3 (b), the broadcast messages will be 
synchronized. 

Using the algorithm steps, the broadcast messages can 
be synchronized throughout all BSs. However, the 
interference between broadcast messages and 
beamformed messages cannot be eliminated totally 
because the amount of broadcast messages is not identical 
in each cell. 
 
 

Make the frame number according to the clock information
so that every BS has the synchronized frame number.

Define the period and the start frame number of each 
broadcast message so that each broadcast message can 
be synchronized throughout all BSs.

In some cases, several different broadcast messages 
happen to come into one frame, so the broadcast message 
supposed to transmit in (N)th frame is sometimes delayed 
to (N+1)th frame.
In this case, the next transmit time of the broadcast 
message should be the (N+period)th frame, not the 
(N+1+period)th which is the current implemenation.

 
 
Fig. 2. Algorithm for synchronization of broadcast 

messages in Mobile WiMAX. 
 
 

IV. CONCLUSIONS 
 

We reported an interference problem between 
broadcast messages and beamformed messages in Mobile 
WiMAX networks. To solve this problem, we proposed a 
simple synchronization technique of broadcast messages 
thoughout all BSs. Using the proposed synchronization 
algorithm of the broadcast messages, the interference 
between beamformed messages and broadcast messages 
can be reduced. This technique will help to enhance the 
performance of beamforming technology in Mobile 
WiMAX networks.  
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Fig. 3. An example of synchronization of broadcast 

messages using the third step. (a) When the third step 
of synchronization algorithm is not applied. (b) When 
the third step of synchronization algorithm is applied. 
Broadcast Message 1 (Brd Msg 1) means regular 
broadcast messages such as DCD or UCD, while 
Broadcast Message 2 (Brd Msg 2) means irregular 
broadcast messages such as MOB_TRF-IND and 
MOB_PAG-ADV. *The Broadcast Message 2, 
MOB_TRF-IND and MOB_PAG-ADV, sometimes 
do not occur depending on status of MSs in each cell. 

 
 

ACKNOWLEDGMENT 
 
This research was supported by Kyungsung University 

Research Grants in 2010.  
 
 

REFERENCES 
  

[1] Sung-Man Kim, “A Study on the Output Power Optimization of Mobile 
WiMAX Base Station”, Journal of Korea Information and 
Communications Society, vol.35, no.4, pp.341-349, April 2010. 

[2] Sam P. Alex and Louay M. A. Jalloul, “Performance Evaluation of 
MIMO in IEEE 8021.16e/WiMAX”, IEEE Journal of Selected 
Topics in Signal Processing, vol. 2, no. 2, pp. 181–190, April 2008. 

[3] Md. Z. Alam, Charles C. Patra, Colin Patra, and M A. Sobhan, “An 
Efficient Beamforming Technique in WiMAX”, Advanced 
International Conference on Telecommunications 2009, pp. 351-
356, May 2009. 

[4] Jeffrey G. Andrew, Arunabha Ghosh, and Rias Muhamed, Fundamentals 
of WiMAX: Understanding Broadband Wireless Networking, Prentice 
Hall, ISBN 0-13-222552-2, 2007. 

[5] Christian B. Peel, Bertrand M. Hochwald, and A. Lee Swindlehurst, “A 
vector-perturbation technique for near-capacity multiantenna multiuse 
communication–Part I: channel inversion and regularization”, IEEE 
Trans. Commun., vol. 53, no. 1, pp 195-202. Jan. 2005. 

[6] Sung-Man Kim, “A Study on the Synchronization Algorithm of 
Broadcast Messages in Mobile WiMAX systems for Proper 
Beamforming Performance”, Korea Information and Communications 
Society Annual Summer Meeting, paper 8E-22, June 2010. 

[7] IEEE Standard 802.16e-2005, Chapter 6, Feb. 2006. 
[8] IEEE Standard 1588-2002, Nov. 2002. 
 



Sung-Man Kim, et al.: SYNCHRONIZATION METHOD OF BROADCAST MESSAGES FOR BEAMFORMING PERFORMANCE IN MOBILE 280 

Sung-Man Kim received the B.S., M.S., and 
Ph.D. degrees in electrical engineering from 
Korea Advanced Institute of Science and 
Technology (KAIST), Daejon, Korea, in 1999, 
2001, and 2006, respectively. His main interests 
during the Ph.D. course include optical fiber 
communication. 

From 2006 to 2009, he was a senior engineer 
in the network R&D center, Samsung 
electronics, Suwon, Korea, where he engaged 

in the research and development of Mobile WiMAX. Since 2009, he has 
been a faculty member in the department of electronics engineering, 
Kyungsung University, Busan, Korea. His research interests include 
optical fiber communications, mobile communications, and wireless 
optical communications. 

 



<<
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


