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ABSTRACT

KEYWORDS: Network Simulator ns-3, Virtual Finish Time, Weighted Fair

Queue, Fair Scheduler, Minstrel

The 802.11 performance anomaly prevents modern WiFi from reaching its potential.

The available Bandwidth is not fully utilized due to this performance anomaly.

To remedy this issue, we present a novel solution: we design a novel queue man-
agement scheme in network simulator ns-3. We develop a new intermediate queue with
Weighted Fair Queue Scheduler that operates at the access point and doesn’t require

any changes to clients.

We evaluate our proposed solution for different simulation setups and examine the
throughput performance of competing stations. We show that our solution achieves

nearly perfect fairness for TCP and UDP downlink traffic.
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CHAPTER 1

INTRODUCTION

Wireless Fidelity (WiFi) is a technology for wireless local area networking
with devices based on IEEE 802.11 standards. It is designed to provide in-building
broadband coverage. Current WiFi systems support a peak physical-layer data rate of
54 Mbps and typically provide indoor coverage over a distance of 100 feet. WiFi has
become the de facto standard for last mile broadband connectivity in homes, offices, air-
ports, railway stations, parks, restaurants, hospitals and public hotspot locations. It can
usually provide a coverage range of only about 100 meters from the access point. IEEE
802.11 is an emerging IEEE standard for broadband Wireless LANs (WLANSs) . Fairly
sharing the wireless communication medium or resources among all connected stations
is the main issue. The protocols used for sharing the medium in fair way are called
coordination functions. There are three types of coordination function: (i) Basic DCF
(Distributed Coordiantion Function), (ii)) DCF with RTS/CTS (Request to Send/Clear

to Send) and (iii) PCF (Point Coordination Function)

First two, basic DCF and DCF with RTS/CTS, coordination function are modeled
in the context of ad-hoc mode and latter is in the context of infrastructure mode where

access point (AP) is present.

The objective of this project is to design a novel queue management scheme to

remedy the issue of performance anomaly in WiFi network.

1.1 IEEE 802.11 Performance Anomaly

In a multirate wireless network, clients or stations which are connected to
the same AP (SSID) can use different data rates. They have their choice to transmit the
data at varying data rates. For example, in IEEE 802.11b protocol, client can transfer at

1Mbps, 2Mbps, 5.5Mbps, or 11Mbps data rate.

A station uses an "auto-rate" mechanism to select an appropriate data rate for trans-

mission based on the channel condition experienced. In a wireless LAN network, some



hosts may be far away from their Access Point(AP). When the 802.11 MAC detects a
packet loss due to the absence of a synchronous ACK, it continues re-transmitting the
packet until the maximum retry limit has been reached.In such cases, the sender can
transmit at a lower data rate (using a more resilient modulation scheme) so that the
channel bit error rate (BER) is reduced. In general, there is a trade-off between data

rate and BER in wireless networks.

so that the quality of their radio transmission is low. .This phenomenon is also
known as rate anomaly problem in IEEE Distributed Coordination Function(DCF) net-
works. The reason of this cause is the fairness philosophy of 802.11 standards, which

guarantees ''long-term equal channel access probability''.

1.1.1 Long-Term Equal Channel Access Probability

1

Station A

o

L

Station B

Figure 1.1: An AP with two clients in a cell

It states that if same-sized packets are transmitted under similar channel
conditions, each station gets roughly equal throughput, regardless of its own transmis-
sion rate. Now, if all stations which are connected to same AP are using same data rate,
IEEE 802.11 automatically ensures equal time shares among all competing stations. In

this situation there is fairness to share the resources. But in the real world, this situa-
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tion is very ideal. In reality competing stations can use different data rate due to either
channel condition or different protocol of stations used.
For example, two stations are connected to same access point in a wireless network.

And both are transmitting the data at different data rates.

Suppose station A is transmitting or receiving the data at 1 Mbps and Station B at
10 Mbps. For transmitting the similar data and in similar channel condition, station A

occupies the channel for 10 times than station B does.

AP

1Mbps 10Mbps

Station A Station B

Figure 1.2: Two clients with different data rate

So, the channel occupancy ratio for two competing stations are roughly proportional

to their individual data rates.

Therefore, a multi-rate wireless network privileges slower stations and penalizes
faster stations, since they need to wait for the slower stations to complete their trans-

missions or re-transmissions.

Here, the concept of Unfairness comes to light. Now we easily see that the slower
stations occupy more channel airtime to transmit the similar number of packets as faster

stations.

And the experiments show that in the presence of slower station, each station achieves

same throughput, irrespective of its data rate. It means that each station starts operating



on the data rate that slower station has because of baseline property. Therefore the ag-

gregate throughput of the system decreases.

Baseline Property: The long-term throughput of a node competing against any
number of nodes running at different speeds is equal to the throughput that the node
would achieve in an existing single-rate 802.11 WLAN in which all competing nodes
were running at its rate.

It means, the throughput a node achieves when competing against n nodes is identical

to what it would achieve if it were competing against n nodes were running at its rate.

1.2 Medium Access Control(MAC) Techniques

Media access control (MAC) is a sublayer of the Data Link Layer (DLL) in
the seven-layer OSI network reference model. This is also known as MAC layer. The
fundamental role of MAC is to provide an addressing mechanism and resource access

so that each station in a network can communicate with other stations.

Application Layer

Presentation Layer

-
[ Session Layer }
Network
TCP Transport Layer r~ Operating
System
(NOS)
IP [ Network Layer }
Logical Link Layer (LLC) 802.2
----------------------------------- [ Data Link Layer }
Medium Access Control (MAC) -
802.11b
Physical Layer
J
Osl IEEE 802.11

Figure 1.3: OSI Reference Model and IEEE 802.11

If there is only one station presents in the network, it can send or communicate any-

time. i.e. there is no other station in the network to be competed. But when more than

4



one station are present, there are conflicts among all stations to get the access of the
resources. This problem is known as resource contention problem in wireless network.

The protocol uses to resolve this problem is known as MAC techniques.

MAC Techniques
Random Round-Robin Reservation Channelization
3 . Token
» CSMA-CD
TDMA [«
——>» CSMA-CA

“—> ALOHA
Slotted
ALOHA

Figure 1.4: Possible MAC Techniques

The MAC decides WHERE and HOW to resolve it. WHERE refers to the control is
performed in a centralized or distributed manner. In a centralized system a master sta-
tion grants access of the medium to other stations. But in the distributed point of view,
all stations perform a medium access control function and dynamically decide which
station to be granted access. HOW refers how control is performed. There are various
ways for medium access control. There are four broad categories in which MAC tech-

niques are divided.All MAC techniques are shown in figure 1.7.

It is the responsibility of MAC to transmit the data packets to and from the network-
interface card, and to and from another remotely shared channel.As we know that in
multi-class network, MAC decides which station/node gets access of the resource. The

main goal of distribution is MAC must distribute it fairly to each node.



1.2.1 Carrier Sense Multiple Access With Collision Detection
(CSMA/CD):

Most of the WLAN products use Carrier Sense Multiple Access with Colli-
sion Detection (CSMA/CD) as the MAC protocol. Carrier Sense means that the station
will listen or sense the channel or medium before transmitting the data. If there is al-
ready someone transmitting, then the station waits and tries again later. If no one is
transferring the data, the station move forward and transmits its data. But when more
than one station tries to access the channel, the transmissions will collide and the infor-
mation will be lost. To avoid this problem collision detection is used. The station will
sense the channel to ensure that its transmission made it to the destination without any
collision. If a collision happens, the stations will wait and try again later. The waiting
time of station for this is determined by the back-off algorithm. This technique works
great for WLANSs but wireless topologies can generate a problem for CSMA/CD. How-
ever, the wireless medium introduces some unique challenges and those are not present
in WLANs. Hidden station and Exposed station problems are two important chal-

lenges from them.

These two problems are resolved out with the MAC used for IEEE 802.11 stan-
dards by using Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA).

CSMA/CA will be discussed in more detail in next section.

1.3 Distributed Coordination Function (DCF):

In IEEE 802.11, the DCF is the fundamental access method used to support
asynchronous data transfer . All the stations in a basic service set(BSS) must sup-
port DCF. The DCF supports Carrier Sense Multiple Access with Collision Avoidance
(CSMA/CA). CSMA/CD is not used because a station is unable to listen to the channel
while transmitting. In 802.11, Carrier sensing is performed at both physical layer and
mac layer. It performs physical carrier sensing at PHY layer and virtual carrier sensing

at MAC layer.

There are two techniques used for data transmitting in DCF:



(i) Basic Access Method and
(i1) RTS-CTS technique.

Basic Access Method is also known as two-way handshaking mechanism. After a
successful data transmission, the destination station sends an MAC acknowledgement

(ACK) to source station.

RTS-CTS Method is a four-way handshaking mechanism, which uses Request-To-
Send and Clear-To-Send technique to retain the channel before data transmission. This
technique is used to mitigate the performance degradiation due to hidden network. But

this technique increases overhead for short data frames.

The IEEE 802.11b standard sup-
ports for both distributed access mecha-
nism and contention-free arbitration ac- Source

cess method for media access control

(MAC). DCF uses CSMA/CA for chanel o7

access and PCF provides for contention-

free access via an arbitrator that resides in

access points. IEEE 802.11b standard al-

U

lows both the methods to coexist: a con-
tention period followed by a contention-

. DATA
free period.

The DCF mechanism follows the

U

CSMA/CA principle. A station willing to

transmit the data, first scans the channel

before transmitting. If the channel is idle
Figure 1.5: Four-Way Handshake

for Distributed Interframe Space (DIFS) Protocol

period of time, the station starts to trans-
mit. Else, it continues to scan the channel
until it is observed idle for DIFS period of time. It then generates a random backoff

interval to minimize the probability of collision with other contending stations. A ran-



dom backoff interval is decided by exponential backoff scheme. This is called collision-

avoidance stage.

For every packet transmission, the backoff period is uniformly distributed between
(0 and W-1). Here W is called contention window and its value depends on number of
failed attempt for transmission of the packet. For the very first packet, W is initialized

to minimum contention window CW,,.;,,.

CWmam = 2mCszn (11)

The value of m is doubled till a maximum value of C'W,,,, from equation 1.1, with
every unsuccessful data transmission.
The back-off counter is decremented as long as the channel is scanned idle during the
collision-avoidance stage. It goes to FROZEN stage if a transmission is sensed on the
channel. And it is reactivated again when the channel is scanned idle. Once the back-off

counter reaches 0O, the station starts its data transmission.

DIFS - ‘ Station C Station A
987 54302 10-.
SIFS
. ©
' PHY | MAC DATA PAYLOAD ACK

Figure 1.6: IEEE 802.11 DCF basic access method

The transmitter marks the packet to a successful reception only when it receives
a positive acknowledgement from the receiver within a fixed time interval. This time
interval is also known as Short Interframe Space (SIFS). If transmitter does not receive
any ACK in SIFS time interval, the transmitter assumes that the collision is happened

at the receiver end.
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Figure 1.7: Possible MAC Techniques

In figure 1.6, the contention process for three stations is shown. All
three stations A, B and C are attempting to transmit their data using the DCF proce-
dure. Station A selects a backoff window of 9 slots. When the backoff counter goes
to slot 7, it has to freeze, since station B has completed its backoff at this slot. Station
A again starts its backoff once Station B has completed its transmission. Once again
station A goes to freeze stage at slot 2, since Station C has completed its backoff this
time. Once the station C completes its data transmission and backoff of station A again
starts and this time it reaches 0. Therfore, station A gets the access of the channel and
then it transmits its data. This is a example of two-way handshaking mechanism and

also known as Basic Access Technique.

SIFS SIFS SIFS DIFS DIFS
Transmitter i
Receiver CTS ACK
Other Nodes NAV-(RTS) L1 |
[T
NAV-(RTS)
—

Backoff

Figure 1.8: IEEE 802.11 DCF RTS/CTS method

DCF also defines an additional Four-Way handshaking procedure. It is known as

9



RTS/CTS mechanism. RTS stands for Request-To-Send and CTS for Clear-To-Send.
This access mechanism strives to reserve the channel for the entire packet transmis-
sion duration and, hence, minimizes the impact of collisions. The additional cost for
this mechanism is a slightly increased transmission overhead (i.e. RTS/CTS frame ex-
change). Figure 1.8 shows the RTS/CTS mechanism. Notice that the channel in the

transmitteras vicinity is reserved via an RTS and CTS packet exchange.

10



CHAPTER 2

SCHEDULER

2.1 Packet Scheduler

In a multi-class network, Scheduler determines the sequence in which the
data should be sent to the output link so that it achieves QoS. Quality of Service(QoS)
represents the set of necessary techniques to manage network bandwidth, delay, jitter
and packet loss. It resolves the recourse contention problem. It fairly shares resources
and provides performance guarantee. firstly it decides the order of requests to be served
or not using admission control algorithm and then it manages the queues of these await-
ing requests. It treats each flows differently and gives different users different QoS. The
basic task of scheduling disciplines is they can allocate channel bandwidth, delay and

loss. On the basis of these allocation, fairness of the network is decided.

-

Session 1
Transceiver
Session 2 J
Scheduler

Session 3 IIIII /

Session N IIIIII

Figure 2.1: A Typical Wireless Scheduler

To achieve QoS, it is required to identify traffic sources and types. There is a need

for appropriate handling of real time and non-real time traffic such as,

e Voice (Delay sensitive)



Video (Bandwidth intensive)

Data (LLoss sensitive)

HTTP, FTP, SMTP

Bursty and Constant type

Multi-service traffic: IP, MPLS

Single or Multiple flows of the same type

The parameters which influence the QoS are Latency, Jitters and Packet Loss. Schedul-

ing algorithms must be simple so that it can be implemented easily.

2.1.1 Packet Drop Policies

When a packet arrives,the scheduler invokes packet dropping algorithm to determine if

the arrived packet is placed in queue or discarded.

e Drop from tail: The arrived packet is dropped if queue is full when it arrives.

e Drop from head: The head packet i.e. the oldest packet of queue is dropped if
queue is full when it arrives

e Random drop: When a receiving buffer is congested, the scheduler randomly
selects one of the packet within a queue to be dropped.

e Replicated Copies: When a packet arrives and buffer overflow occurs, the num-
ber of times each packet has been replicated can be used to decide which packet
should be dropped. Two possible ways to drop packet: (i) the packet that has been
less replicated is dropped first and (ii) the packet that has been more replicated is
dropped first.

e Remaining Lifetime: This policy selects the packet to drop based on their re-
maining TTL. Two possible ways to drop packet: (i) the packet with the smallest
remaining TTL is discarded first and (ii) the packet with the longest remaining
TTL is discarded first.

2.1.2 Admission Control

Admission control decides whether a new flow can be allowed to join so
that the performance of the system cannot be degraded. So it needs to provide QoS.

Scheduling discipline affects the ease of admission control algorithm.

12



2.1.3 Fairness

Scheduling discipline allocates a resource to the flow. An allocation is fair
if it satisfies max-min fairness algorithm. In max-min fairness , a fair share allocates
a user with a "small" demand what it wants, and evenly distributes unused resources to

the "big" users intuitively.

e Resources are allocated in order of increasing demand.
e No source gets a resource share larger than its demand.

e Sources with unsatisfied demands get an equal share of the resource.

Transfer Half

of access Unsatisfied
Demand
) /
6 6
0.5
0.5 0.5
L Z
o -1t
25
» 2 2
! 1
A B C A B c

Figure 2.2: Max-min Fairness

Fairness provides protection to flows. it manages resources in such a way that traffic
hogs cannot overrun others. It builds firewall around flows. It means each flow behaves

independently. It also provides performance guarantee to each flow.

2.2 Generalized Processor Sharing (GPS)

Generalized Processor Sharing (GPS) is a service policy for multiclass system and it is

a fluid fair queuing. It means

o traffic is fluid in nature.
e [t serves infinitesimal amount of data from each backlogged queue.

e provides Max-min fairness.

13



W1
Session 1
w2 \
Session 2
GPS

w. >
Session 3 I:I I:I | 3 — Scheduler

\4

WN

Session N . . .

Figure 2.3: Generalized Processor Sharing

It provides both fairness and performance guarantee. Generalized Processor Sharing
(GPS) is a fluid fair queuing. It means traffic is fluid in nature. It serves infinitesimal
amount of data from each backlogged queue. It provides both fairness and performance
guarantee. In this scheduling techniques, a weight (¢; > 0) is assigned to each class (i.e.
its queue). One can interpret: the scheduler serves (¢;) bits from queue i for each (¢;)
bits served from queue j, when both queue i and j are backlogged queue. The scheduler
visits the queues in a round-robin manner and serves (¢; ) bits from queue i in each
round.

GPS is a fluid version of the bit-wise weighted round robin (WRR) scheduling. In
this scheduling techniques, each backlogged queue is served simultaneously. So, it
is the best scheduling technique on the basis of providing fairness. And it also gives
performance to each queue. But it is impossible to implement this scheduler in reality,

since it is not possible to serve infinitesimals.

2.2.1 Virtual Finish Time

Properties of virtual finish time V(t) :

e V(0)=0,and V(t) > 0 fort > 0.
e V(1) is a non-decreasing function of time.

e V(1) is a peace-wise linear function and its slope increases whenever a queue
becomes empty and decreases when an empty queue receives new data.

14



e The slope of V(t) is 0 whenever the system has no data to serve.

Flow 1 (wy = 1)

E Time
Flow 2 (W, = 1) | T T T T T T
: 5 Time
B 4 5
GPS 1 2
Tlme’
E ' Time
V(t)
Tlme’

Figure 2.4: Virtual Finish time V(t) and GPS and WFQ Scheduler Output

Virtual finish time of k 4 1t packet of class j

J

. L’ . .
V(d?c+1) = ;—H + maw(V(dfc), V(a"ljc—kl))

where,
V(diﬂ) 2 wirtual finish time of k4 1" packet of class j
Li+1 2 packet length of k+ 1" packet of class j
oy £ weight of class j
V(di) £ virtual finish time of k™ packet of class j

V(aiﬂ) 2 arrival time of k4 1™ packet of class j

15
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2.3 Weighted Fair Queue

WFQ is the packetized version of GPS and also known as packet GPS
(PGPS). It sends one packet at a time not like GPS does. It is a work-conserving sched-
uler. It also assigns weight to each class to divide the bandwidth across all classes and

provides Max-Min fairness.

Session 1

W1
Session 2 w2
C
W/? Scheduler >
Session 3 I:I I:I
WN

Session N . . .

Figure 2.5: Weighted Fair Queue

WEFQ scheduling technique follows following steps:

e The scheduler calculates virtual finish time of packet, as soon as packet arrives
into the scheduler.

e Arrange all packets in the queue in ascending order of their virtual finish time.
(Ties can be broken by giving priority to smallest index of class.)

e Scheduler sends Head Of Line (HOL) packet and it is transmitted completely.

16



CHAPTER 3

NETWORK SIMULATOR ns-3

3.1 WiFi Model in ns-3

ns-3 is a discrete-event network simulator. A network simulator is a tech-
nique by which the performance of the network system or network application is eval-
uated before using in the real world. It can analyzes the each component or devices
of the network. ns-3 is used in research and teaching. Its libraries are written in c++
with Python bindings. It is a free software, licensed under the GNU GPLv2 license,
developed with a focus on research and education. The latest version of the simulation
software, ns-3.28, provides support for a variety of protocols and standards in the data
link layer (e.g., models for WiFi, LTE), network layer (supports both IP and non-IP
based networks, routing protocols such as OLSR, AODV) and transport layer (variants
of TCP, UDP). In addition, the software includes modules for application layer pro-
tocols, mobility, help for configuring a variety of network systems as well as tracing
modules for measurements and analytics. The simulation software also has a real time
scheduler for interaction with real systems and supports reuse of real application and
kernel code. Several external animators and data analysis and visualization tools like

NetAnim and Wireshark are used with ns-3 for better understanding and analysis.

3.1.1 Wifi Module in ns-3

ns-3 provides WiFiNetDevice model for a wireless network NIC(Network
Interface Card) based on IEEE 802.11 standards.

This model provides following aspects of 802.11

e Basic 802.11 DCF with infrastructure and ad-hoc modes,
e QoS-based EDCA and queueing extensions of 802.11e,

e MSDU and MPDU aggregation extensions of 802.11n,



e Supports 802.11a, 802.11b, 802.11g, 802.11n (both 2.4 and 5 GHz bands) and

802.11ac

e Various rate control algorithms including Aarf, Arf, ConstantRate and Minstrel

etc.

Nodes can have many WiFiNetNetevice based on the channel required.

3.2 WiFiNetDevice Architecture

WiFi model is divided into three sublayers

e PHY Layer Model,

e MAC High Model and

o MAC Low Model

Send(packet, dest, proto)

v 4

WifiNetDevice

Enqueue{packet, to

ForwardUp

Different classes used for different modes/roles,
e.g., AghocWifiMac, ApWifiMac, StaWifMac

They take care of functionality such as association,
beaconing, etc

y handies the packe queue, packet fragmentation,
' and packet retransmission, if they are needead

TStarrRecewePacket

' (by checking with WifiRemoteStationManager)

takes care of RTS/CTS/DATAACK transactions

T ReceiveOk/ReceiveError

- takes care of sending and receiving frames
- consults InterferenceHeiper/ErrarRateMode!
to get the probability of receiving a frame

based on SINR

takes care of getting signal to all connected Phy

ForwardUp
"MAC High*
En ket
"implements the DCF function™ ueUsipRckel) Receive
NotifyAccessGranted " "§ """ "TTTTTRTTRN ‘
H
DeManager Pt DcaTxOp MacRxMiddle
L]
A A ;
e : L R ) -
W
' . StartTransmission goene
'
. !Listener
: LR — MacLow
.
'
'
. SendPacket
:r Listener
o, WifiPhy
Send
WifiChannel

by consulting propagation loss model and
propagation delay model

Figure 3.1: Architecture of WifiNetDevice
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CHAPTER 4

Proposed Architecture And Algorithm

WiFiNetDevice directly sends the packet to MAC queue with mac and its
destination address as parameters. It is shown in figure 4.1. Destination address is the
mac address of a client. Access Point(AP) sends beacon with destination address of
ff:ft-Afff:ff:f. WifilntQueue is installed on WiFiAP device. Now AP sends the packets

to clients using Weighted Fair Queue Scheduler.

4.0.1 Why Intermediate Queue at WiFiAP node?

It is very difficult to control clients in wireless network. Intermediate queue
is only installed on AP node because it is easy to control one node where all clients are

connected. So, it supports only downlink traffic(from AP to clients).

send(packet. dest Addr, protocol)

\4

| WiFiNetDevice |
-
storepacket(mac, packet, dest Addr)
Y g Intermediate
‘ WiFilntQueue J Queue
-

Enqueue(packet, dest address)
\4

‘ MacHigh ’

Enqueue(packet)

\4

Figure 4.1: WiFiIntQueue at AP



There are two main functions in WiFilntQueue class:
(1). storePacket(mac,packet,dest addr) and
(i1). callEnque()

4.0.2 storePacket(mac,packet,dest addr)

Whenever WiFiNetDevice sends packet to WiFilntQueue, storePacket function is in-
voked first. In this function, the virtual finish time of packet is computed using equation

4.1

packet — size

VFET ket =
of packe weight of packet class+

max( finish time of system, finish time of class) (4.1)

where,
Finish time of system is defined as virtual finish time of last packet which is sent to
mac queue, and it is zero when intermediate queue is empty.
Finish time of class is defined as the largest virtual finish time of packet of that class in
the queue(i.e. the last packet of that class in queue), and it is also zero when intermediate

queue is empty.

Maximum size of Intermediate queue and threshold for mac queue is initialized first.
Whenever a new packet arrives to the intermediate queue, its VFT is calculated using
4.1 and is tagged with its VFT. And then it is inserted into the queue based on ascending
order of VFT of packets. After that size of the queue is checked. If it overflows, tail
of the queue is dropped. Tail may be or may not be the current arrived packet, since it

depends on its VFT. It is clearly mentioned in the flowchart on next page.
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Flowchart of storePacket()

Initialize size of Intermediate

queue and threshold for mac queue

Identify the class of the packet using dest Addr

Compute ratio of packet size

and weight of packet class

Compute virtual time of the system

Compute virtual time of the class

Compute virtual finish time(VFT) of the packet

Insert new packet in intermediate queue

in the ascending order based on the VFT

Intermediate
Queue Drop the tail of Intermediate queue

Overflows?

callEnque()
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4.0.3 callEnque()

In WiFilntQueue, callEnqueu() is invoked after storePacket(). This function
checks total packets in mac queue before sending a packet. A threshold is set for this

so that packets in mac queue never exceeds set threshold.

Flowchart of callEnque()

Count totalpkt =

total packet presents in M ACQueue

|

totalpkt <
threshold

Wait for departure of packets from mac queue

Send HOL of Int-queue to mac queue

using Enqueue(Packet, dest addr)
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CHAPTER 5

SIMULATION RESULTS

5.1 Throughput Of Two Clients with WFQ

Figure 5.1: 1 Server 1 AP and 2 Clients for WFQ Experiment

5.1.1 UDP

There are 1 server, 1 AP and 2 clients are in the notwork and to check the performance
of WFQ in UDP traffic, the weight of the client is changed. Detail simulation setup is
mentioned in Table 5.1 and the throughput of both clients are shown in figure 5.2. Here
the ratio of throughput of two clients is same as the ratio of the weight of those clients.

So, the throughput of a client is controlled by controlling its weight.

Table 5.1: simulation setup of WFQ for UDP

IEEE Standards 802.11ac

Traffic UDP Downlink

Rate Adaptation ContantRate VHTMCSS
Maximum size of Intermediate queue 10 Packet
Threshold for MAC queue 10 Packet
Simulation Time 5 sec(15-20 sec)




Table 5.2: UDP Downlink Throughput of Two Clients with different weights

Client Weight | Throughput(Mbps) | Total Bytes Received

Clientl 1 31.0448 19403000

Client2 1 30.9563 19309000
Aggregate Throughput 62.0011 Mbps

Clientl 1 20.0944 12559000

Client2 2 39.9743 24934000
Aggregate Throughput 60.0687 Mbps

Clientl 2 40.0416 25026000

Client2 1 19.9888 12468000
Aggregate Throughput 60.0304 Mbps

I @ @ S »
a S & S o
T T T T

Throughput
(in Mbps)
5
T

15—

UDP Downlink throughput vs Weights of two clients
T T T

Il Client1
[ IcClient2

$=1 ¢2=1

$1=2 $2=1

Different combination of weights of clients

$1=1 $2=2

Figure 5.2: UDP Downlink throughput of two clients
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5.1.2 TCP

To check the performance of WFQ in TCP traffic, the weight of the client is changed.
Detail simulation setup is mentioned in Table 5.3 and the throughput of both clients are
shown in figure 5.3. Here also the ratio of throughput of two clients is same as the ratio

of the weight of those clients. So, the throughput of a client is controlled by controlling

its weight.
Table 5.3: simulation setup of WFQ for TCP
IEEE Standards 802.11ac
Traffic TCP Downlink
Rate Adaptation ContantRate VHTMCSS
Maximum size of Intermediate queue 10 Packet
Threshold for MAC queue 10 Packets
Simulation Time 10 sec(15-25 sec)

T(.‘éga Downlink throughput vs Weights of two clients

Il Client1
[Iclient2
25 1
- 20 -
3~
v
55
g =15
S c
£ =
[ 10
51
0
¢=1 $2=1 $1=2 ¢2=1 $1=1 ¢2=2

Different combination of weights of clients

Figure 5.3: TCP Downlink throughput of two clients

Table 5.4: TCP Downlink Throughput of Two Clients with different weights

Client Weight | Throughput(Mbps) | Total Bytes Received

Clientl 1 16.9213 21151632

Client2 1 17.6272 22031744
Aggregate Throughput 34.5485 Mbps

Clientl 2 22.8653 28581664

Client2 1 13.2378 16545552
Aggregate Throughput 36.1031 Mbps

Clientl 1 12.4664 15582960

Client2 2 23.8394 29796240
Aggregate Throughput 36.3057 Mbps
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5.2 Throughput Of Clients vs Packet Threshold of MAC

Queue

In this simulation setup ( see Table 5.5 ), it shows that how throughput of two clients

with equal weight are changing and how aggregate throughput is changing.

Table 5.5: simulation setup3

IEEE Standards 802.11ac

Traffic UDP Downlink

Rate Adaptation ContantRate VHTMCSS
Maximum size of Intermediate queue 10 Packet
Threshold for MAC queue changing form 10 to 100 Packet
Simulation Time 5 sec(15-20 sec)

UDP Downlink Throughput vs Packet Threshold Of MAC Queue
T T T T T

w0 T
Crentt
Cent
e -
B e
25— —
0 -
15 B
10— =
s 4
N
10 2 3 w0 ) 0 ) 100

50 )
Packet Threshold

oughput
(in Mbps)

Thre

Figure 5.4: UDP Downlink throughput vs packet threshold of mac-queue

In Figure 5.4 shows that the throughputs of both clients are almost same, since they
have equal weight. But aggregate throughput increases as threshold increases for UDP

downlink traffic.
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5.3 Log Distance Path Loss Model

Table 5.6: RSSI-MCS Mapping

RSSI Range MCS
-85.23 t0 -81.89
-81.29 to -75.68
-75.68 to -71.80
-71.80 to -70.48
-70.48 to -69.23
-69.23 to -64.28
-64.23 t0 999999

00 N L kO

ifd > dy
PL(d) = PL(dy) + 10 * n % log(di)
0
else
PL(d) = PL(dy)
where,

PL(d) = Pathloss at distance d from AP
PL(dy) & Pathloss at reference distance dy

rssi = TxPower — PL(d)

Now, derive equation for distance of client from AP using equation 5.1

TxPower — PL(dy) — rssi

d=dy*10 10n

S.D

(5.2)

(5.3)

54

Table 5.7 shows the distance range of client from AP and this range is determined

using Table 5.6 and equation 5.4 when Tx Power = 23dBm, dy = 1m, PL(dy) =

46.667dB and n = 3.5.
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Table 5.7: Distance-RSSI-MCS-Datarate Mapping

RSSI Range(dB) | MCS | Distance Range(Meters) | Data Rate(Mbps)
-85.23 to -81.89 0 46.0478 to 57.3637 7.2
-81.29 to -75.68 2 30.6041 to 46.0478 21.7
-75.68 to -71.80 4 23.7095 to 30.6041 43.3
-71.80 to -70.48 5 21.7374 to 23.7095 57.8
-70.48 to -69.23 6 20.0214 to 21.7374 65

-69.23 to -64.28 7 14.4566 to 20.1138 72.2
-64.23 to 999999 8 less than 14.4566 86.7

5.3.1 Fairness Among Clients : Minstrel

Now, the fairness is achieved for 5 clients those are using different data rate. To achieve

it, Minstrel WiFiManager is used. It is a rate control algorithm. The following steps are

followed to find the best data-rate of the client.

1. Find the distance between client and AP using Euclidean distance formula for all

clients.

2. Find the rssi of each client using equation 5.3.

3. Find the best MCS for the rssi of client using Table 5.6.

4. Find the data rate [2] of a client for its MCS using Table 5.7.

5. Allot data-rate of the client as its weight.

Table 5.8: Simuation setup for 1 server 1 AP 5 Clients for both casel and case2

IEEE Standards
Traffic
Rate Adaptation
TxPower of AP
Channel Width
SGI
Maximum size of Intermediate queue
Threshold for MAC queue
Simulation Time

802.11ac

UDP Downlink
Minstrel

23 dBm

20 MHz
Enabled

10 Packet

10 Packet

5 sec(15-20 sec)
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CASE 1 : When all clients are in same MCS range

Table 5.9: Clients Details for Casel

Client | Distance from AP(in meter) | RSSI(dB) | MCS | Data Rate(Mbps)
Clientl 8 -55.2858 8 86.7
Client2 5.83095 -50.4786 8 86.7
Client3 10.4403 -59.3327 8 86.7
Client4 10.7703 -59.8057 8 86.7
Client5 10 -58.6777 8 86.7

Without WFQ
80 T
Zge ]
58
E i 40
|-E =20
0 Client1 Cli;nt2 CIi;ntS Clielnt4 Cli;nt5

With WFQ when equal weight

-y
o

Throughput
(in Mbps)
[3,]

Client1 Client2 Client3 Client4 Client5

With WFQ when data rate as weight

-
o

Throughput
(in Mbps)
(3]

Client1

Client2 Client3 Client4 Client5

Figure 5.5: UDP Downlink throughput of 5 clients for Case 1

In Figure 5.5, the upper plot(without WFQ) shows that only one client is get-
ting throughput, others are getting nothing. In middle plot WFQ is used for equal
weight(1,1,1,1,1) for all clients and throughput of each clients is almost same. In low-
est plot, WFQ with data rate is given as weight of client, here this plot is similar to

middle one,since all have same data rate.

29



CASE 2 : Except one all clients are in same MCS range

Table 5.10: Clients Details for Case2

Client | Distance from AP(in meter) | RSSI(dB) | MCS | Data Rate(Mbps)
Clientl 20.5 -69.5891 6 65
Client2 5.83095 -50.4786 8 86.7
Client3 10.4403 -59.3327 8 86.7
Client4 10.7703 -59.8057 8 86.7
Client5 10 -58.6777 8 86.7

w Without WFQ
§. @ 60
o
E E20-
0 Client1 CIieian CIi;nt3 Cli;nt4 CIi;ntS

With WFQ when equal weight

-
o

Throughput
(in Mbps)
(3]

Client1 Client2 Client3 Client4 Client5

With WFQ when data rate as weight

- -
o (4]

Throughput
(in Mbps)
o

o

Client1 Client2 Client3 Client4 Client5

Figure 5.6: UDP Downlink throughput of 5 clients for Case 2

In Figure 5.6, the upper plot(without WFQ) shows that only one client is get-
ting throughput, others are getting nothing. In middle plot WFQ is used for equal
weight(1,1,1,1,1) for all clients and throughput of each clients is almost same. In low-
est plot, WFQ with data rate is given as weight of client, the throughput of first client
is lower than other, since its weight is 65 (its data rate for MCS 6) is smaller than

others(86.7).
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CHAPTER 6

CONCLUSION AND FUTURE WORKS

6.1 Conclusion

WFQ scheduler provides fairness to all clients for TCP and UDP downlink traffic and
throughput of a client is control by varying its weight. The ratio of throughput of clients
is same as the ratio of their weights. The ratio of throughput of client are not changing
with set threshold for MAC queue but individual and aggregate throughput is affected.

It provides fairness when the clients have different data rates.

6.2 Future Work

e In the future, this fair scheduler can be implemented for dense network scenarios
where multiple access points(APs) and their clients will be present.

e AirTime fairness can also be implemented using this scheduler.

e [EEE 802.11ax standard can also implement scheduler in near future.
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