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EDCF Enhanced DCF (802.11¢)

ErtPS Extended Real-Time Polling Service

FDD Frequency Division Duplex

EFT Fast Fourier Transform

HARQ Hybrid Automatic Repeat Request

HC Hybrid Coordinator (802.11¢)

HCF Hybrid Coordination Function (802.11¢)

LOS Line of Sight

MAC Media Access Control

MAN Metropolitan Area Network

MSDU MAC Service Data Unit

NAV Network Allocation Vector

NLOS Non Line-of-Sight

nrtPS Non-Real-Time Polling Service

OFDM Orthogonal Frequency Division Multiplex
OFDMA Orthogonal Frequency Division Multiple Access
PLE Point Coordination Function

PHY mode Physical Layer mode, coding and modulation scheme
PIFS PCF Inter Frame Space

QAM

Quadrature Amplitude Modulation
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2 IEEE Standard 802.16 / WirelessMAN™

Success of IEEE 802.11 wireless LAN (WLAN) led to the attempts to use it for
broadband wireless access (BWA). When the WLAN technologies were examined
closely, it was evident that the overall design and feature set was not well suited for
outdoor BWA applications [2]. To address this issue, the IEEE 802 committee set up a
working group in 1999 to develop a new standard for BWA applications, IEEE 802.16.
IEEE Standard 802.16-2001was completed in October 2001 and published on 8 April
2002, it defines the WirelessMAN™ air interface specification for wireless metropolitan
area networks (MAN) [4]. The original IEEE 802.16 standard was issued for 10-66 GHz
band for line of sight (LOS) based point-to-multipoint BWA systems.
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Figure 1: IEEE 802.16 Reference Model (Adapted from [18])

Later, 802.16a was issued as an amendment to the standard, to include NLOS
applications in the 2GHz—11GHz band, using orthogonal frequency division multiplexing
(OFDM)-based physical layer. Further revisions resulted in a new standard in 2004,
called IEEE 802.16-2004, which replaced all prior versions [5]. In December 2005, the
IEEE group completed and approved IFEEE 802.16e-2005 as an amendment to the IEEE
802.16-2004 standard that added mobility support [5]. IEEE 802.16 family of standards
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Figure 3: TDMA/TDD Transmission Mode in IEEE 802.16 PMP (Adapted from [2])

Bandwidth requests by SS can be sent using a stand-alone bandwidth request MAC PDU.
It can also be piggybacked on generic MAC PDU using grant management subheader. It
is important to note that resource requests are always made in terms of bytes of
information [5]. Which SS is allowed to send its bandwidth request is determined by

either contention-based random access or contention-free polling.

Contention-Free Polling: Polling refers to the process whereby dedicated or shared UL
resources are provided to the SS to make a bandwidth request [5]. If a SS is polled
individually, poll is called unicast. SS with active UGS connections are not polled and
these SS can request bandwidth using bandwidth request PDU or piggybacking on
generic MAC PDU . If a polled SS does not have an additional bandwidth requirement, it
must send a dummy MAC PDU during the poll.

Contention-Based Random Access: If sufficient bandwidth is not available to poll the
SS individually, than multicast or broadcast polling is used [5]. Only SSs which require
bandwidth, responds to multicast/broadcast poll. In order to avoid collision, a truncated
binary exponential backoff (BEB) scheme without carrier sensing is used for contention
resolution [2]. There is no acknowledgement for the bandwidth allocation from BS. A SS

would look for UL MAP in the next downlink subframe. Bandwidth might not be






2.4 QoS in IEEE 802.16

IEEE 802.16 MAC provides the QoS to the MAC PDUs. QoS requirements for each
MAC PDU belonging to different service flows are met as reliably as possible given the

loading conditions of the system [5].

Figure 4 shows the functional entities for QoS support in BS and SS logically residing in
MAC layer. At BS, downlink has packet queues. These queues have service data units to
be transmitted to SSs. Downlink scheduler selects SDUs for transmission on PHY
resources based on QoS parameters and status of the queue. Uplink scheduler residing in

SS performs the same functions.

Downlink SDUs Uplink SDUs

i

/1\

4

-
£9 X7
<3 £38 "
gz S%s 2 = @ s
g 3 2 ) 3
i) 5 X QoS £
/V 2 £ parameters E
i (=7 - ° =
Downlink ! = Uplink < A R SS 8
\s\ched,ule)‘ 3—’): scheduler & Uplink grants | scheduler |
5 Qos \ w/ \-w/

Downlink Pamamexers Uplink Uplink

frame frame grant

[ Physical layer l

Figure 4: IEEE 802.16 QoS functions within the BS and SSs (Adapted from [19] )

In order to estimate the residual backlog of uplink connections, BS uses bandwidth
requests sent by SSs. By comparing the requested and allocated bandwidth, BS estimated
this backlog. For each uplink, this backlog is represented virtually at BS and as a result of
this estimation; uplink scheduler of BS allocates future uplink grants keeping in view the
QoS requirement for that uplink and virtual status of queue. Bandwidth grant mechanism

has already been discussed in details in the section above.

2.4.1 Scheduling Services
A scheduling service is used by MAC layer to deliver and handle SDUs and MAC PDUs

with different QoS requirements. It uniquely determines the mechanism used to allocate
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UP. User Priority . N . 802.11e AC _

(Same as 802.1D) i (Access Category) Service type
2 Not defined 0 Best Effort
! Background (BK) 0 Best Effort
0 Best Effort (BE) 0 Best Effort
3 Excellent Effort (EE) 1 Video Probe
4 Controlled Load (CL) 2 Video
5 V1 (Video <100ms latency and jitter) 2 Video
6 VO (Video <10ms latency and jitter) 3 Voice
7 Network Control (NC) 3 Voice

Figure 9: Mappings between UP and AC (Adapted from [13])

Depending upon the QoS requirement of an application, it can be directed to use
appropriate AC. 802.11e introduced two main methods to support service differentiation:

Variation in Arbitrary IFS (AIFS) or Backoff time of an AC.

Each AC behaves as a single DCF contending entity with its own contention parameters
(CWmin [AC], CWmax [AC], AIFS [AC] and TXOPLimit [AC]), which are announced by
the QAP periodically in beacon frames [11]. Smaller values of these parameters would
mean a shorter channel access delay for that particular AC. A high priority AC requires a

short channel access delay.

EDCA introduces a new type of InterFrame Spacing (IFS) known as arbitrary IFS (AIFS)
which is similar to DIFS in DCF. Each AIFS is an IFS interval with arbitrary length as

follows:
AIFS [AC] = SIFS + AIFSN [AC] X slot time

Where AIFSN [AC] is called the arbitration IFS number [11]. After sensing the medium
idle for a time interval of AIFS [AC], each AC calculates its own random backoff time
(CWmin [AC] < backoff time > CWmax [AC]) [11]. Variations in values of these
parameters would control the priority to access the medium. So, a low priority AC would
have long waiting time or smaller AIFS means high priority. At a QSTA, backoff times
of different ACs are generated randomly and may expire simultaneously. This causes an
internal collision and virtual scheduler of QSTA allows high priority AC to transmit
frames. Whereas other colliding ACs will enter a backoff process and double the CW size

just like an external collision [13]. The default values of AIFSN [AC], CWmin [AC],
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802.11e = video (2)

Traffic Mix All Discrete

Resolution 10 frames/sec

Frame Size (Bytes) | 320 X 240 pixels

Bandwidth 384 Kbps

Compression Rate | 16

4.6 Simulation Environment
Following table lists the general simulation environment parameters.

Table 7: Simulation Environment Parameters

Attribute Value

Simulation Time 10 min

Channel Conditions Same for all Gateway routers

Cell Single (WLAN/WiMAX)

Application Model Same for all simulation sets

Traffic Profile Same for all Terminals (WLAN & Ethernet)
VoIP Calls Max 3 calls, Random

Video Conferencing Session | Single, Duration = 240 sec

Ftp Sessions Max 5 sessions, Random
Http Session On going for full simulation run
Simulation Runs 5 for each simulation sequence/scenario
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