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WiMAX

WiMAX (Worldwide Interoperability for 
Microwave Access)
Industrial forum to promote IEEE 802.16-
based network deployment

Mobile WiMAX
Extended to support mobility

Handover, sleep/idle mode

Multicast Broadcast Service (MBS)
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Broadcasting Paradigm Shift

TV / Satellite Broadcasting

Regional Broadcasting

Cable Broadcasting

Mobile Broadcasting IPTV Broadcasting

IPTV Broadcasting with 
Return Channel

Mobile IPTV Broadcasting

Need for regional broadcasting arises

Need for various, specialized, differentiated contents arises

Users are eager in watching 
broadcast service anywhere 
they are

Users are eager in watching 
broadcast service anytime they 
are available by storing and 
scheduling contents

Need for feedback on the contents 
from content providers or users arise

Need for receiving the specific contents 
either in dedicated manner or in shared manner arise

- 3GPP MBMS
- 3GPP2 BCMCS
- Mobile WiMAX
Multicast 
Broadcast Service 
(MBS)
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Mobile WiMAX MBS 
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Mobility Issue

“Service disruption” due to 
handover delay

Break the 
connection!
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MBS Zone

IEEE 802.16e defines an MBS zone, 
which is a group of adjacent BSs 
transmitting the same MBS contents.

Intra-MBS zone handover 
delay

7



Characteristics of MBS Zone
 Handover delay is minimized while MSs are moving 

within an MBS zone.
 The larger MBS zone provides the better quality of 

MBS.

 The handover delay cutback comes at the cost of 
the amplified MBS traffic.
 Bandwidth may be wasted since all BSs in the same 

MBS zone transmit MBS packets regardless of the 
existence of MBS users.

 Handover Delay vs. Wireless Bandwidth Usage
 Two conflicting criteria in MBS.
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LMA-based MBS handover
 Location Management Area (LMA)

An MBS zone is partitioned into multiple LMAs.
A single BS ≤ LMA ≤ A whole MBS zone

Transmit MBS data packets only to the LMAs in 
which MBS users currently reside.
Save bandwidth by utilizing the location information 
of MBS users.

MBS Zone MBS Zone LMA
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Delay of Inter-LMA Handover 
(1/2)

 Inter/intra-LMA handovers still belong to the intra-MBS 
zone handover.
 No need to create new connection.
 No need to make new security association

 The delay of intra-LMA handover = the delay of intra-
MBS zone handover

 Inter-LMA handover delay depends on the existence of 
MBS users in the target LMA.
 If there is an MBS user in the target LMA (Active LMA), 

 MBS traffic is already available
 No additional signaling is required
 Same as the delay of an intra-LMA handover.
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Delay of Inter-LMA Handover 
(2/2)

 If there is no user 
in the target LMA 
(Inactive LMA),
 After multicast 

distribution tree 
update between MBSC 
and BSs, MBS traffic 
can be received.

 But, still MBS 
signaling is reduced.

Inter-LMA handover delay 
(inactive)

PC (Paging 
Controller ): 
maintains 
the location 
information 
of users
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Performance Analysis

Assumptions

Residence time

Session popularity

User distribution

12



Disruption Time (1/2)
Disruption Time in the original MBS 
zones (MZ)
Random variables:

Z1: number of inter-MBS zone handovers (inactive 
zone)

Z2: number of inter-MBS zone handovers (active 
zone)

Z3: number of intra-MBS zone handovers

The average service disruption time for i-th
popular session in MZ (DZ1, DZ2, and DZ3 are 
unit handover delays):
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Disruption Time (2/2)
Disruption Time in the LMA-based MBS 
zones (LMA)
Random variables:

L1: number of inter-LMA handovers (inactive LMA)
L2: number of inter-LMA handovers (active LMA)
L3: number of intra-LMA handovers

The average service disruption time for i-th
popular session in LMA (DL1, DL2, and DL3 are 
unit handover delays):
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Bandwidth Usage

 Bandwidth Usage = (the number of cells 
transmitting MBS packets) / (the total 
number of cells in a network)

 Bandwidth usage for i-th popular session in 
MZ

 Bandwidth usage for i-th popular session in 
LMA

Az : area of MBS zone

Al: area of LMA
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Unit Handover Delay Analysis
 Unit Handover Delay

 DZ1 : inter-MBS zone handover delay (inactive zone)
 DZ2 : inter-MBS zone handover delay (active zone)
 DZ3 : intra-MBS zone handover delay
 DL1 : inter-LMA handover delay (inactive LMA)
 DL2 : inter-LMA handover delay (active LMA)
 DL3 : intra-LMA handover delay

Handover 
delays
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Effect of the LMA/MBS Zone Size 
(1/2)

 Bandwidth Usage

LMA substantially 
outperforms MZ.

 Disruption Time

Delay of LMA 
increases up to 25% 
(rank 1) or 27% 
(rank 100).

The size of MBS zone : 16 
cells

LMA size (cells) LMA size (cells)

BW saving 
Rank 1

Rank 1
Rank 100

Delay increase
Rank 100
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Effect of the LMA/MBS Zone Size 
(2/2)

 Bandwidth Usage

LMA substantially 
outperforms MZ.

 Disruption Time

Delay of LMA 
increases up to 37% 
(rank 1) or 42% 
(rank 100).

The size of MBS zone : 256 
cells

LMA size (cells) LMA size (cells)

BW saving 
Rank 100

Rank 1

Delay increase
Rank 100

Rank 1
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Bandwidth Delay Metric (BDM)

 16-cell MBS zone
 Generally LMA exhibits lower BDM than MZ.

Impact of reducing bandwidth usage is greater than that 
of increasing delay.

 For small(large) MBS zones, the higher(lower) 
ranker session highlights the advantages of LMA.

 256-cell MBS zone

LMA size (cells) LMA size (cells)

BDM 
reduction 
Rank 1

BDM reduction 
Rank 100
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Effect of the average 
velocity

 Bandwidth Usage

Depends on not user 
speed, but user 
distribution.

 Disruption Time

LMA is slightly 
worse than MZ
6% or 9% increase

Average user speed (km/h) Average user speed (km/h)
(λ*: # of users/cell)
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Conclusion

Cell-based broadcast/multicast service 
suffers from frequent service disruption.

MBS zone 
MZ minimizes delay, while the waste of 
wireless bandwidth increases.

LMA-based MBS
Our LMA reduces substantially the bandwidth 
usage compared to MZ, while the service 
disruption time increases slightly.
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