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!mma— This paper presents the analysis of MAC Layer (L2)
in wireless broadband system based on WiMAX IEEES802.16.
The analysis is focused on overhead and efficiency of MAC
Management Message and derived for mesh topology. The Mesh
topology is evaluated concerning both existing types of
scheduling — centralized and distributed — and their performance
is compared. Some paramefills, which deduced to have
considerable influences i.e. the number of subscriber stations in
the network, number of hops, various modulation and coding,
and length of MAC PDUs, are assigned as the overhead
parameters. The results show those parameters have significant
impact on the efficiency of MAC layer.

Keywords— 1EEE802.16e, WiMAX, broadband wireless, MAC
messages, MAC overhead, mesh network
I. INTRODUCTION

The Worldwide Inter-operability for Microwave Access
(WIMAX) is an emerging telecommunication technology

based on IEEER02.16 standard [1]. WIMAX network,
especially the mobile WIMAX which i§N based on
IEEE802.16e, overcomes some limitations on IEEE 802.11,

e.g. limited range or insufficient Quality of Service support,
and also introduce full mobility [2]. Using their conjunction it
is possible to create a solution for metropolitan and local area
networks.
p’iMAX supports two types of network topologies i.e.
omt to Multipoint (PM nd Mesh. In PMP, the link
connection is only between Base Station (BS) and Subscriber
Station (SS) or Mobile Station (MS). Mesh topology, on the
other hand, does not limit the link connection between BS-
SS/MS only, but also support the connection among SSs/MSs.
The SS/MS which have relay capability may be act as Relay
Station (RS). A connection, used for the purpose of
transporting Medium Access Control (MAC) management
mcssag is required by the MAC layer.

The overhead caused by transporting the MAC messages
throughout the network is an important performance indicator,
because it significantly influences the system throughput. It is
interesting to make an analysis how the MAC efficiency is
dependent on the physical and logical setups of the network.
Performance of a networking protocol is commonly evaluated
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by means of the net throughput, especially on MAC layer and
delay.

Many papers evaluated MAC performance
system. Most of them are based on the WiFi IEEE 802.11
standard. In [3] the authors study the influence MAC
overhead when analysing the stale cache problem m IEEE
802.11 ad-hoc networks with on-demand routing protocol.
The MAC overhead can degrade performance significantly. In
[4] the authm‘Einvestigated MAC performance of the
amendment of [EEE 802.16a. The focus is on the PMP
topology and for a simple scenario, using one base station and
one subscriber station, the net bit rate on the MAC level is
calculated. They concluded that MAC overhead affected the
system throughput by reducing the bit rate and increase the
delay. §i

The authors in [5] analyze the MAC efficiency dedicated to

Iti-hop wireless networks based on IEEE 802.16a standard.

multi-hop approach for PMP mode is defined. Net
throughput on MAC layer is then presented for one chosen
multi-hop scenario. The number of hops is carried out as the
parameter. We adopted some mechanisms in [5] on our
previous works. In [6] [7], we analysed the MAC efficiency of
IEEE802.16d on PMP topology. Some MAC messages were
examined. Several overhead parameters were used to analyse
their impact on system performance.

The focus of this paper is the efficiency analysis of MAC
management messages transferred in mesh topology in both
centralised and distributed scheduling. We consider the basic
IEEE802.16’s MAC messages that involve in ork
admission process and some overhead parfifieters i.e. number
of SSs in the network, number of hops, various modulation
and coding schemes, and length of MAC protocol data unit
(MAC PDU) of the qsage,

The organisation of this paper is as follows. In section II,
the IEEE802.16 layer model mainly for the Mesh mode is
described. Section III determines the MAC messages
overhead as well as the efficiency of MAC layer. The net
throughput analysis is also carried out in this section. Section
IV shows 9 analysis results of message overhead and its
efficiency. We also discussed the simulation results. Section V
provides our conclusions and recommendations.
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II. THE LAYER MODEL OF WIMAX IEEE802.16

A. The Functionalin@§f IEEES02.16 MAC Layer

The IEEE802.16 MAC layer reference consists of three
sub-lay&# model as shown in Fig. 1 [8][9].

The Service-Specific Convergence Sub-layer is used for

ping of external network data into MAC service data units

( G] received by the MAC common part sub-layer (CPS).

The MAC CPS is not required to parse any information from

th nvergence Sub-layer payload.
e MAC CPS provides the core MAC functionality of

system  access, bandwidth  allocation,  comnection
establishment, and connection maintenance. The separate
security sub-layer provides authentication, secure key

exchange and encryption. The MAC management messages
are part of MAC CPS.
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gg. 1. IEEE 802.16 - layer model — data/control plane

In IEEE 802.16e, total 64 MAC management messages are
defined. The standard also defined there types of connection
for each messages i.e. broadcast, basic management and

imary management. The complete list can be found in [2].

ese messages are carried in the payload of the MAC PDU.
They begin with a type field and contain additional fields. The
structure of MAC management message is depicted in Fig. 2.

agement
Message Type Marnagement Message Payload
U v
Y ~
1 byte Variable length

Fig. 2. MAC management message structure

The payload structure of MAC management messages is
specified by the standard separately for each message. The
payload of the most common messages can be divided into
two parts. The first one is a fixed part and the second part is
created by type-length-value tuples (TLV part).

B. Mesh Topology in IEEES02.16

7
gg mesh topology, the trafﬁcﬁn be routed through other

s and can occur between SSs. This can be done on the basis
of equality using distributed scheduling, or using a mesh BS
as the superior (centralized scheduling), or combination of
both. @
A mesh BS is a system with direct connection to backhaul
services outside the mesh network. Uplink (UL) is defined as
gfﬁc in the direction of the mesh BS and downlink (DL) as

ffic away from mesh BS. The stations in which a node has

wect links are called neighbours and form a (one-hop)

neighbourhood. An extended neighbourhood contains all the
neighbours of the neighbourhood. An example constellation of
mesh SSs with a mesh BS, where neighbourhood and
extended neighbourhood of mesh SS 1 are shown, is depicted
in Fig. 3.

IMesh 884
Mesh$53 R

Fig. 3. Example of mesh topology based on IEEER02.16

Unlike the PMP mode, in mesh topology € are no
clearly separate downlink and uplink sub-frames. Each station
is able to create direct communication links to several other
stations instead of communicating only with the BS. The
method of requesting bandwidth is dependent on the
schedul il type selected.

The channel coding process is composed of three steps:

domizing, forward error correction (FEC) and interleaving.

ing transmission they are applied in this order, during
eption their order is reversed. The mandatory channel
coding with different modulations used in this paper can be

?in Table 1.
ﬂ:lcoded data bits are then interleaved by an interleaving
k with a block size corresponding to the number of coded
its per the allocated subchannel per OFDM symbol (V).
?r BPSK, QPSK, 16-QAM and 64-QAM, this number is 1, 2,
and 6, respectively.

g TABLE [
ANDATORY CHANNEL CODING/MODULATION

7 edblock | Coded block Overal
Modylation size (bytes) size (bytes) coding rate
BPSK 12 24 7!
QPSK 24 48 k2]
QPSK 36 48 Vs
16-QAM 48 96 Y
16-QAM 72 96 Vs
64-QAM 96 144 2/3
64-QAM 108 144 Y
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LII. THE EFFICIENCY OF MAC MESSAGE

A. HA C Overhead and Efficiency

e MAC overhead can be evaluated by means of
determining the efficiency of the MAC layer. According to
[5]16][7] the MAC efficiency can be defined as the ratio of the
net throughput on MAC layer and the throughput per OFDM

symbol as shown in Eq. [ﬁ
MAC net

]}:

1
o) (H

OFDM symbol

The net throughput on the MAC layer is defined by Eq. (2).
It is the ratio of the total number of payload bits, i.e. without
all MAC overhead, in a frame to the frame duration T},

Z Payload bits
T,

e

2

I

The throughput of an OFDM symbol can be calculated as:
(N sed _Npi!m‘ )‘ Nd;p\t : C

s

)

(3)

OFDM symbol —
symbaol

1
where N,.,15 the number of used OFDM subcarriers, N, is
the number of OFDM pilot subcarriers, NV, is the number of
coded bits per allocated symbol (e.g. N, = 6 for 64-QAM)
and C e code rate.
The number of uncoded bytes per symbol is given as:

(Nmm‘ - Npifa.r ] A‘{c'br.u' -C
8

Eghcr modulation used for individual OFDM subcarriers,
which results in higher N, together with higher code rate

affect both © ., and O, symbol

to evaluate the MAC layer efficiency as the ratio of OFDM
symbols used for payload transmission in a frame to the total
mber of OFDM symbols in a frame as given in Eq. (5).
tter L in the following equation always means length
expressed as a number of OFDM symbols.

L
n= net pavload [5]

L

frame

BpS = (4

Therefore we propose

The number of symbols in a frame does not depend on the
modulation or coding, as defined by Eq. (6).

L — r.fjmm
frame T T
symbal

B. Evaluation in Mesh Topology

(6)

Network topologies using the mesh mode can be quite
varying. The mesh SS may have direct links between each
other and traffic for other mesh SSs can be routed across these

links. There are innumerable possibilities how the topology
can look like.

Since the purpose of this paper is to evaluate the MAC
overhead, a particular topological model is nceded. We
propose using a tree topology. Each node in thFe, except of
the last level of nodes, which have thERighest hop count from
the root node, has a children. The number of hops from the
root node to another node is marked as A. The maximum
number of hops is designated finq. Fig. 4 shows the proposed
tree topology.

Root node

a childnen
f=10

Fig. 4. Proposed Tree-like topology

Subsequently, based on the topology proposed, we need to
make a traffic assumption. Let’s define that only the root node
(using centralized scheduling terminology — the mesh BS) is
connected to the core network and the end-to-end connections
occurs between the mesh SSs and some unspecified nodes
outside this network and not between individual mesh SSs. It
means that data for nodes in the lower parts of the tree is
routed through SSs on higher levels.

The mesh frame of the message doesnhave clearly
separated downlink and uplink, however it consists of the
control sub-frame and the data sub-frame. The Schedule
control  sub-frame contains distributed and centralized
scheduling messages.

1) tralised Scheduling(CS)

The length of the control sub-frame using CS in OFDM
symbols depends on the number and length of CS bursts. It
has to be a multiple of 7 OFDM symbols [1][2]. The length of
control sub-frame is given in Eq. (7).

L 7% Lescn
control subframe 7

We assume that requests are collected from the lower levels
and passed on to the mesh BS (refer to Fig. 4). Then the mesh
BS responds with the appropriate grants. The intermediate
mesh SSs take their part of the grants and forward the rest
down the tree. The requests and grants messages appear in
equal quantity.

The number of request bursts in a frame is equal to the
number ofchilp per node, i.e. @. Number of bursts doesn’t
depend on the hop count /i from the root node, but their size
does. The same stands for the number of the grant bursts.
There are always a grants, one for each of node’s children.

(7)




Thus, a frame contains either a bursts with requests from the
children or a bursts containfgl grants for them.

The mesh CS message, MSH-CSCH, is us by the mesh
BS to broadcast the centralized schedule. All ncdwith hop
count lower than specified have to forward this message to
their neighbours with a higher hop count. In the calculation
we assume that the maximum hop count for forwarding is the
same as the k., parameter.

It is also used by the mesh SSs fArequest bandwidth from
the mesh BS. The nodes report individual traffic demand
requests of each child node further from the mesh BS, as well.

The message has a fixed part which in total has 4 bytes.
The information carried by this part includes e.g. Message
Tvpe, Grant/Request Flag, and Configuration Sequence
Number or NumFlowEntries fields. The Grant/Request Flag
indicates whether MSH-CSCH serves as a grant or a request,
Configuration Sequence Number refers to the configuration
number in the MSH-CSCF message. NumFlowEntries
specifies the number of flow entries which describe individual
demands of the nodes lower in the routing tree.
NumFlowEniries in Eq. (8) is labelled as Ngy,. It can be
calculated as:

P
N ()= > d
i=0

Niow(ht) expresses the number of lower nodes which are
found on a branch under node on level h — 1. The parameter &
means that the number of flow entries is calculated for a link
with position & from the root.

As the requests and grants appear in the same ratio, so the
corresponding overhead of MSH-CSCH: Request and MSH-
CSCH: Grant messages are evaluated in Eq. (9).

OH =5+EN

MEH-CSCH 4 flaw

(8)

&)

2) Distributed Scheduling(DS5)

In this paper we concern only coordinated-DS. The
uncoordinated type is mainly suitable for fast liq setups,
which isn’t the case selected by us. Using the DS, the length
of the control sub-frame can be written as in Eq. (10). There is
a difference in the number of scheduling bursts in a frame. We
assume that the chosen node transmits one scheduling burst of
length  Lpscy nign and every child node transmits one
scheduling burst of length Lpgeys 1.,

L _ ? a- LDS('L’ daw +LD§('{I high
‘contral subfiame

(10)

7
The lengths of a DS burst Lygqyy 1, and Lpyoeyy i €an be
calculated using Eq. (11).

OH 51 _psers + O yuc ppys stean
Lpsen =
’ BpS
P sk 2

(1

‘ol

“+L}_P+L

These two lengths differ from each other only because of
different number of neighbours. Each burst consists of the
mesh DS message, MSH-DSCH, which has the long preamble
(Lyp) and one guard symbol (L,,,). It is again transmitted
using the QPSK 1/2 modulation/coding, which means 24
uncoded bytes per OFDM symbol.

The MSH-DSCH, carried in the DS bursts, is transmitted at
a regular interval to inform all the neighbours of the schedule
of the transmitting station. It is used to convey resource
requests (MSH-DSCH: Request) and grants (MSH-DSCH:
Grant) to the neighbours and also to inform the neighbours
about available free resources (MSH-DSCH: Availability) that
can be used to send grants. The average overhead introduced
by MSH-DSCH messages is defined by Eq. (12) as follow:

OH, (12)

MV -IBCH neigh et neigh

=6+3-(N, +]}+4é{N. +1)

3) Total Efficiency 1

Using all pevious equations, 1t 1s possible to obtain the total
number of OFDM symbols available for MAC PDUs as given
by Eq. (13).

L

‘daia Lrj'mne - LLP - LFC'H - LDI_ burst #1 LEH" - Ns:s : L\P

(13)

nother important overhead introduced by the MAC layer
are the generic MAC headers and CRCs of the data PDUs. We
suppose that the frame is fully used, the number of MAC
PDUs which without considering fragmentation fit into one
frame is given by Eq. (14), where & is the length including the
generic MAC header and CRC of the MAC PDU in bytes.
Applicable lengths are from 11 bytes (1 byte of payload) to
2047 bytes. The maximum length is restricted by the capacity
of the Length field of the generic MAC header, which is 11

bits.
L{ 'l
Niuc pou =\; ;c] J

Using the number of MAC PDUs in a frame, the number of
OFDM symbols utilized for the data MAC PDUs overhead
can be calculated, as given by Eq. (15).

:NMACPDU'IO (15)
BpS

The number of OFDM symbols usable for the payload of
the data MAC PDUs — SDUs from higher layers is given by

Eq. (16).

et pavioad =

(14)

Ln’um MAC PDU O

I

‘data

I

data MAC PDU OH (16)

Using the Eq. (5), efficiency on the MAC layer can be
finally calculated. Results for wvarious parameters will be
presented in the next section.

IV.RESULTS AND DISCUSSION
According to the standard, four primitive parameters are
defined to characterize the OFDM symbol:

*  BW - nominal channel bandwidth,
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" N,.q— number of used subcarriers,

* n - sampling factor, in conjunction with B and N
determines the subcarrier spacing and the useful symbol time,

= (G- ratio of CP time to useful time.

Using these primitive parameters other derived parameters are
identified:

. e — smallest power of two grater than N, .,

= Sampling frequency; F, =| n- BI¥ /8000 |-8000 .

=  Subcarrier spacing; Af =F /N,
= Useful symbol time; T, =1/Af,

* CPTime;7,=G-T,

* OFDM symbol time; T =7, +Tg,

= Sampling time; T, / N, -
Possible values of G are 1/4, 1/8, 1/16 and 1/32. The sampling
factor has different values for bandwidths that are being
multiples of different frequencies.

Nywa 18 specified as 200 which mean that Ny is 256.
Therefore the number of lower frequency guard subcarriers is
equal to 28, the number of higher frequency guard subcarriers
is 27. Thus, together with the DC carrier, the number of null
subcarriers is 56 [2]. After subtracting 8 pilot subcarriers,
there are 192 subcarriers available ta transmission.

Tume defined by the standard [1] can have values from 2.5
ms to 20 ms. The third highest value, Ty, = 10 ms, was
chosen for the calculations. T,,,,;, can be calculated using Eq.
(1) with substituting the following: G = 1/4, BW = 20 MHz
and n = 144/125. These values are allowed by the standard for
license-exempt bands. Bandwidth of 20 MHz and the ratio of
the cyclic prefix to the useful symbol time are both the largest
that have been allowed. The final symbol duration is then
13.89 ps.
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Fig. 5. MAC message efficiency in mesh, CS (top) and DS (bottom), various
PDU lengths (k parameter).

. First, let’s discuss the results for the shortest and longest
MAC PDUs allowed and for several lengths in between, as
shown in Fig. 5. It can be seen that both CS (top) and DS
(bottom) have a quite similar characteristics since the
efficiency is decrease when the length of PDU is decreased.

For CS, the efficiency decrease linearly, however, overhead

per SS is much higher. When assuming e.g. 100 SSs, the
MAC layer efficiency is only around 0.3. On the other hand,
the DS can support only up to 14 SSs with the efficiency
lower than CS. It is caused by the fact that all SSs are
members of one extended neighbourhood and have to
coordinate their transmission with each other, using the MAC
management messages.
Next results discussion, as shown in Fig. 6, are about the
MAC efficiency where the CS (top) and DS (bottom) also
have similar characteristics when modulations to art as the
overhead parameter. For CS, since the control sub-frame of
the mesh frame is defined to always use QPSK 1/2
modulation/coding, only the data sub-frame can be transmitted
with different modulation/coding setting. Higher modulation
enables more MAC PDUs to fit into one frame.
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Fig. 6. MAC message efficiency in mesh, CS (top) and DS (bottom), various
modulations (medulation parameter).

However, the efficiency remains the same, because the
ratio between the MAC PDU overhead and a given PDU
length is constant, e.g. when assuming & = 1024 bytes, the
efficiency stays the same for all possible modulations. In this
analysis, the PDU length is shortened for higher number of
SSs. For higher modulation, limiting the length for higher
number of §Ss give effect the lower efficiency.

Finally, the MAC efficiency on links corresponding to
individual hops is depicted in Fig. 7. It is quite interesting why
the efficiency is higher on links further from the root node




(see figure on top). The reason is due to the fact that less
request and grant messages are transmitted there. Unrestricted
bandwidth allocation also affected to the high efficiency in
low level of hops. Figure on the bottom depicts the opposite
results when a restricted bandwidth is applied in lower level of
hops. However, it is obviously confirmed that children (SSs)
per node introduce notably higher overhead, which results in
lower efficiency.
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Fig. 7. MAC message efficiency in mesh, unrestricted bandwidth (top) and
restricted bandwidth (bottom), various number of hops and node levels (@ and
h parameters).

The last Fig. 8. shows the efficiency performance of MAC
management message in PMP topology and Mesh topology in
both CS and DS. When concerning different number of
subscriber stations, the PMP mode is the most efficient than
Mesh CS and Mesh DS (reader who interested in the result of
PMP topology may found it in [6] and [7]).

—+FMP
. —aMeshCS
= o Mesh DS

0 T T
a0 &0 20
Mumber of Connections [-]

Fig. 8. The comparison of MAC efficiency between PMP topology and Mesh
topology.

V. CONCLUSIONS

In this paper the analytical derivation of the IEEE 802.16
MAC management message overhead and efficiency in mesh
topology was presented. The mesh mode is a good option
when low number of SSs are employed and building a PMP
network would be too complicated.

When considering the mesh mode the selection of the right
scheduling method is also crucial. As it can be seen from the
results, CS brings less overhead than the DS version. The DS
showed lower efficiency when calculating the overhead for
presented scenarios in comparison to the centralized one, but
if the traffic takes place mainly between individual Mesh
subscrifgf stations, the efficiency may be better.

The data MAC PDU length is another parameter that hi ghly
influences the MAC layer performance. Obviously longer
P mean less MAC overhead.

ransmitting the broadcast message with higher number of
bytes per symbols creategiflore space for the data MAC PDUs
transmission. Thus, the usage of higher modulation/coding,
can reduce the MAC overhead.
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