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Chapter 3 — Medium Access Control



When the teacher Walt speaks to
the students, the shared wireless
channel is a blessing.

This is because it is sufficient that Walt says
his thing only once, instead of repeating it
for each student separately.
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Conversation Protocol

We start by describing wireless communication through an analogy with a conversation
within a group of people, named Zoya, Yoshi, and Xia. We will refer to these and some
other characters throughout the book; the characters will stand for wireless devices, base
stations, or similar. The data that they want to communicate to each other is the content
of their speech, which is part of the conversation. Regardless of the speech content, the
conversation can only take place if the participants follow some conversation protocol, such
that at a given time only one person speaks while the others listen. How do they agree
who gets to speak and who gets to listen? One way would be, before starting the actual
conversation, to have them agree upon which conversation protocol should be followed. In
that case the information exchanged in that preliminary conversation cannot be regarded as
useful data, but rather as metadata, also called protocol information or control information.
The metadata is necessary in order to enable the conversation to take place. But then, how
do they agree on the protocol for exchanging the metadata?

e PISEIN NNV mumoawmlﬁu visual channel a:Kn91n audio channel
* U wireless comm. A0 channel 1&g Oa\)mHuo protocol tR3alvU 16U
mstuanaaaz-ns ”:)E)1 (lEn 292 202 NSWLUAINUALU (roger that)"

T
Metadata, protocol info, control info




System Model (a set of assumptions)

e Half-duplex: A given person, e.g. Zoya, cannot speak and listen at the same time.

e Broadcast: If Zoya has information to convey to Yoshi and Xia, then, provided that both
Yoshi and Xia are listening, Zoya needs to say her message only once, and not repeat it
individually to Yoshi and to Xia.

e Interference: If Yoshi and Xia speak simultaneously, Zoya will not understand either of
them.



Collision Model

The communication between the wireless nodes is based on data packets. A transmitting
node is capable of sending R bits per second (bps) such that a packet of duration T contains
RT bits. All packets have the same duration, unless stated otherwise. In the collision model,
a packet is treated as the smallest, atomic unit of information, such that either the whole
packet is received correctly or it is lost. In other words, it is not possible to receive only some
bits of the packet correctly. A packet sent by Zoya to Yoshi is received correctly if:

1. Yoshiis in the communication range of Zoya such that the distance between them is less
than d m; &eysureuuwsoonuILuu omnidirectional

2. No other communication node that is within d m of Yoshi transmits while Yoshi is
receiving the packet from Zoya.
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Figure 1.2 Illustration of two essential wireless features captured by the collision model. (a)
Broadcast. (b) Interference.
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The First Contact

Back to the dark room analogy, we ask the question: how do two people, who have never

met before, start to communicate when placed in a dark room? Reformulating this ques-
tion in terms of wireless communication, we can ask: how do two wireless devices start to
communicate? Who speaks first and who listens first? This is an important issue when the
devices operate in a half-duplex manner, since a device cannot transmit and receive simul-
taneously. Before a packet from Zoya is sent to Yoshi, each of them needs to know that Zoya
is about to transmit and Yoshi is about to receive. This may sound trivial and indeed it is,
provided that we somehow let Zoya know in advance that she should take the transmitter
role and Yoshi should take the role of a receiver. For example, if they have communicated
in the past, then they may agree that, next time they are placed together in a dark room,
Zoya takes the role of the one that starts to talk first. But, how do they know the roles if they
have never communicated before? Let us explore this problem of first contact or rendezvous
between two wireless nodes.




Hierarchy Helps to Establish Contact

Basil Bastian

\l 1 channel
,¢ (half-duplex)

Basil I invitel | invite | I invite I
Bastian | invite | | invite | | invite | -

~
Zoya | - | | - | | - | 5

A 4

(b)
| [ | | | | |
| |
Basil invite 1 invite 1 -
1 1 ! ! 1 17 colbide A Basil
Bastian I invite I : : I invite | lwswza:q'tna -
1 1 1 1 1 1 1 -
Zoya - : accept : - Figure 1.3 The problem of first contact when the mobile device Zoya is in the range of two base
T T > stations, Basil and Bastian. (a) Illustration of the scenario. (b) The invite packets of Basil and Bastian
1 1 1 1 1 1 . . qe . . . . . .
Km) are persistently colliding. (c¢) Solution of the problem of collision between Basil and Bastian by using
(c) randomization.



Wireless Rendezvous without Help

UiJ base station
(ad-hoc network)

— I I — I
Zoya invite | I nvite I
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Yoshi invite | I accept I >
| | | .
: | time
| I I
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t—l: t :r+1:r+2

Figure 1.4 Rendezvous protocol for Zoya and Yoshi where both of them use half-duplex devices
and their roles in the protocol are not predefined.



W sync AlAtKbounu

But what if Zoya and Yoshi are not synchronized in using the slotted channel; can that
help or make things even more difficult? In fact, the synchronous case can be seen as the
worst case: if both Zoya and Yoshi decide to transmit in a certain slot, then their packets
are completely overlapping. On the other hand, the lack of synchronism can be helpful in
breaking the symmetry between Zoya and Yoshi. For example, we can have the situation
in which both Zoya and Yoshi decide to transmit, but the transmission slot of Yoshi starts
slightly later than Zoya’s slot. Yoshi starts to receive the invite packet and postpones his
transmission in order to complete the reception of Zoya’s packet. In this example, Yoshi
adjusts its clock to Zoya and, after the invite packet is received, Yoshi sends back a reply
using Zoya’s slot timing. It can be seen that, when the devices are not in synchrony, the
symmetry can be broken without using randomization, as some form of randomization
is already embedded in the asynchronism. However, recalling our discussion on a proper
protocol design and controlled randomness, asynchronism can facilitate the rendezvous
protocol, but it should not be the definitive solution; the protocol should always have the
opportunity to rely on an intentional randomized choice.



Rendezvous with Full-Duplex Devices

The problem of first contact becomes easier if the mobile devices are equipped with
full-duplex capability. If Zoya and Yoshi both transmit simultaneously an invite packet to
each other, then each of them will simultaneously receive the invite packet from the other
device. Furthermore, in the next slot both Zoya and Yoshi transmit an invitation_accepted
packet and, again, Zoya receives this packet from Yoshi and vice versa. With this, the
link can be considered as being established. Therefore, full-duplex avoids the need for
randomized assignment of transmit/receive roles and thus speeds up the procedure of link
establishment. This may appear to be one of the most important advantages of full-duplex
technology in scenarios in which fast link establishment and device discovery is of high
importance.

We note that, even with full-duplex, there is still the problem of interference due to col-
lision. Hence, full-duplex cannot help to solve the problem of colliding invite packets in
Figure 1.3, as Zoya still does not get either of the two invite packets.

Channel 1

v

Channel 2

Full-duplex 6291H
establish contact 1A1$)

A




Wired vs. Wireless
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Motivation for a Specialized MAC

111 MAC 229 wired network w1470 wireless network 1avizaly ?
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Hidden and Exposed Terminals

B is exposed to A and C. A is hidden to C and vice versa.

Figure 3.1
Hidden and
exposed terminals

1) A fu C lsifiaadn Andsyandauriu vinld B Weligizas (vin collision detection 1414)
2) B 441 A uaz C delif D w¥auriu B Andnifn collision weaslud visnlidadu C 1 collide #1 A wisnzating



Near and Far Terminals

* auNAdNawEeIes A uay B usawin fu near/far effect vinlif C laguust B T3l A (1w C lu base station)
* Precise power control #gasddrunnn e lieFulasudyainweavia - fu
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Figure 3.2
Near and far terminals
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Multiplexing

a71ld 4wy
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 Code (3G)

1G 1470 mobile station #ldiasundan cell luanien handover
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https://de.wikipedia.org/wiki/A-Netz




Space Division Multiple Access (SDMA)

* s space lu wireless network nsdnwviianasassnduladnazinizasiu base station 1
* SDMA :inazldsaniuisau wiu FDMA, TDMA, CDMA
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Frequency Division Multiple Access (FDMA)

Assign anwnuuu fixed wiw anatianeg veauuu dynamic 7 assign annudlif base station suponugdasnis
* liuiis channel wavn duplex channel szuins mobile device riu base station
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Time Division Multiple Access (TDMA)
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A Simple Two-Way System that Works Under the Collision Model

H,, : link establishment frame
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A Simple Two-Way System that Works Under the Collision Model
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Cell Breathing / Load Balancing

Figure 2.43
Cell breathing

depending on the
current load

While a cell can cover a larger area under a light load, it shrinks if the load
increases. The reason for this is the growing noise level if more users are in a
cell. (Remember, if you do not know the code, other signals appear as noise)

https://en.wikipedia.org/wiki/Cell_breathing_(telephony)



Table 3.1 Comparison

of SDMA, TDMA,
FDMA, and CDMA
mechanisms

Approach SDMA TDMA FDMA CDMA
Idea Segment Segment Segment the  Spread the
space into sending time frequency spectrum using
cells/sectors  into disjoint band into orthogonal
time-slots, disjoint codes
demand driven  sub-bands
or fixed
patterns
Terminals Only one All terminals Every terminal  All terminals can
terminal can  are active for has its own be active at the
be active in short periods frequency, same place at
one cell/one  oftime onthe  uninterrupted the same
sector same frequency moment,
uninterrupted
Signal Cell structure  Synchronization Filtering in Code plus
separation directed in the time the frequency  special receivers
antennas domain domain




Advantages

Disadvantages

Comment

Very simple,
increases
capacity

per km?

Inflexible,
antennas
typically fixed

only in
combination
with TDMA,
FDMA or
CDMA useful

Established,
fully digital,
very flexible

Guard space
needed
(multi-path
propagation),
synchronization
difficult

Standard in
fixed networks,
together with
FDMA/SDMA
used in many
mobile networks

Simple,
established,
robust

Inflexible,
frequencies
dre a scarce
resource

Typically
combined
with TDMA
(frequency
hopping
patterns) and
SDMA
(frequency
reuse)

Flexible, less
planning
needed, soft
handover

Complex
receivers, needs
more
complicated
power control
for senders

Used in many
3G systems,
higher
complexity,
lowered
expectations;
integrated with
TDMA/FDMA

https://en.wikipedia.org/wiki/Soft_handover




JS Tutorial

JS HOME

JS Introduction

JS Where To

JS Output <!DOCTYPE html>
<html>

IS Statements <body>

JS Syntax

<h2>My First 3] Scripte/h2>
JS Comments y First JavaScript</

JS Variables <button type="button"
onclick="document.getElementById( 'demo"').innerHTML = Date()">

> Operators Click me to display Date and Time.</button>

JS Arithmetic

JS Assignment <p id="demo"></p>
JS Data Types </body>
JS Functions </html>
JS Objects

JS Events

JS Strings

JS String Methods

JS Numbers

el s | Click me to display Date and Time. |
JS Arrays

JS Array Methods
JS Array Sort

JS Array Iteration
JS Dates

JS Date Formats

My First JavaScript

Sat Aug 24 2019 17:33:20 GMT+0700 (Indochina Time)



( document }

Root element: J

<html>
HTML DOM
DOM Attribute Element:
DOM Console <head>
DOM Document
DOM Element
DOM Events
DOM Event Objects
DOM Geolocation
DOM History
DOM HTMLCollection

DOM Location
DOM Navigator

Element:
<title>
N

Text:
Element: ["M ite" ]
<body> yo

Element:
<hl>

Document Object Model

DOM Screen Text:

DOM Style "A heading"

DOM Window

WEB Storage Element: Attribute:
<a> href

Text:
"Link text"




<IDOCTYPE html>»
<html>

<head>
<script»

1. 191 code 13lu head

document.getElementById("demo").1innerHTML = "Paragraph changed.”;

}

</script>»
</head>
<body>

function myFunction() {

<h1>A Web Page</hi1> <!DOCTYPE html>
<p id="demo">A Paragraph</p> <html>
<button type="button" onclick="myFunction()">Try it</button> <body >

</body>

<h1>A Web Page</hil>
</html>

<p 1d="demo">A Paragraph</p>
<button type="button" onclick="myFunction()">Try it</button>

<script>

function myFunction() { 2. 101 code 19va body ialduansuaiii

document.getElementById("demo").innerHTML = "Paragraph changed.”;

}
</script>
3. uuu external
<script src="myScript.js"></script> </body>

</html>



JS vs jQuery

jQuery Selectors
jQuery HTML
jQuery CSS
jQuery DOM

jQuery was created in 2006 by John Resig. It was designed to handle Browser Incompatibilities and to simplify HTML DOM
Manipulation, Event Handling, Animations, and Ajax.

jQuery vs. JavaScript

| var myElement = $("#ide1");

var myElement = document.getElementById("idel1");

| myElement.hide();
| myElement.style.display = "none”;

<!DOCTYPE html>

<html> 14 URL #ndn sz web browser dqulvia)inulilu cache lisasinanlm
<head>

<script src="https://ajax.googleapis.com/ajax/libs/jquery/3.4.1/jquery.min.js"»</script>
</head>



@ CSS Template

& > C 0 @ WA | C/Users/chatc/Documents/99%20-%20Temp...  ¥r (i M e H

—» London
Paris
Tokyo

Cities

London

London is the capital city of England. It is the most populous
city inthe United Kingdom, with a metropolitan area of over 13
million inhabitants.

Standing on the River Thames, London has been a major
settlement for two millennia, its history going back to its
founding by the Romans,who named it Londinium.

@ CSS Template

Footer

London

—p Paris

Tokyo

& > C 0 O Wa | C/Users/chatc/Documents/99%20-%20.. @ r (i M e :

Cities

Paris

Paris, the cosmopolitan capital of France, is one of Europe's
largest cities, with 2.2 million people living in the dense,
central city and almost 12 million people living in the whole
metropolitan area.

Located in the north of France on the river Seine, Paris has
the well deserved reputation of being the most beautiful and
romantic of all cities, brimming with historic associations and
remaining vastly influential in the realms of culture, art,
fashion, food and design.

@ CSS Template

& - C O  ® Wd| C/Users/chatc/Documents/99%20-%20.. @ & (i W e H

London
Paris

——p Tokyo

Footer

Cities

Tokyo

The Tokyo Metropolitan Government on Monday reported 161
new coronavirus cases in the capital. The figure was 99 less
than Sunday’s 260 cases and the first time since Aug 11 that it
has dropped below 200.

Of the 161 cases, 80 are in the 20s and 30s. Health officials
said the number of serious cases requiring hospitalization
was 27.

Footer



JavaScript

Ligeatlsynna type futls fvuasautstusnldldiae iu x = 10 vie s = "hello”
JavaScript azaman type a9 & number, string, boolean, object
vanuAdsaudsidy var, let, const (azlduanils)
lsifasld semicolon wiaau 1 fds
flacann library Wy camelCase wandauldniaasazld camelCase
1% single/double quote aseu string & wifiesld single quote wWisliid double quote u string 1
let s = '<a href="https://www.google.com">Link to Google</a>'
rasnisasiu double quote Wiy HTML
u if-else, for loop, while loop mane - n1wn Java
Usznnareriduls i

function add(a, b) {
returna+b

}

p error lu console (Chrome nn F12)
JavaScript gn execute nduiusees 14 Cpu wagaTas client



Basic

w1 HTML element fitsznnalduda

<span id="result"></span>
Fenlda JavaScript sl

let x = document.getElementByld('result’)
Fndampauasldszuing tag

X.innerHTML = '"Hello world!’
X.innerHTML = '<a href="https://www.google.com">Link to Google</a>'

FAsifin HTML element #isndniin raw text
let e = document.createElement('p')

x.appendChild(e)
Usuuse element
e.innerHTML ="'l am a paragraph'

e.style.color = 'red'
au HTML element

e.remove()



JavaScript is a single-threaded language.

‘ 9 | 1Aa event WU click

Front [ Head Back [ Tail [ Rear
s als]s|7 ]|

queue Enqueue

(.
‘ 2 | 1at6 CPU Nna: thread




then / catch (siaan OS uni 11)

demo( ) .then(

)

(onResolved) =»> {

// Some task on success
¥s
(onRejected) =» {

[/ Some task on failure

} RIS ()
demo().then(...).catch(...).finally(...)

success failure always

Note: demo is a function that returns a promise prototype.

function demo() {
console.log("Function called!!")
return Promise.resolve("Success™)

// or

// return Promise.reject("Failure™)
}
demo() .then(
(message) => {
console.log("Then success:” + message)

™ ]

I

function demo() {
console.log("Function called!!"™)

// return Promise.reject("Failure")

}
demo() .then(

: console.log(value)

:Peturn ++value

(message) => {
console.log(message)

]
o
=
L
o
o
m
'_I
=]
(n]=]
—
=
o8]
'_I
=
o
o

(message) => {
console.log(message)

https://www.geeksforgeeks.org/why-we-use-then-method-in-



1)

let demo = new Promise((resolve, reject) => {

resolve(1)

)

let call = demo.then(
‘(value) => { E
E cnnsnle.lug(value]i
i return ++value E
S ] 5
(message) => {

console.log(message)

¥

)

setTimeout(() =» {
console.log(call)

1

E Promise {status: "pending"}
| 1

Promise {status: "resolved", result: 2}

setTimeout (code)

setTimeout (code, delay)

delay ' Optional

The time, in milliseconds that the timer should wait before the specified function or code is
executed. If this parameter is omitted, a value of O is used, meaning execute "immediately"”, or

more accurately, the next event cycle.



async / await

https://www.w3schools.com/js/js_async.asp
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myuaaulkuaida/ainv (JavaScript WU style 10Q8)

Toggle Dark/Light Mode

Click the button to toggle between dark and light
mode for this page.

\ Toggle dark mode \

Toggle Dark/Light Mode

Click the button to toggle between dark and light
mode for this page.

Toggle dark mode

https://www.w3schools.com/howto/howto_js_toggle_dark_mode.asp



I call APl tWouaaviuainuning wu Suin 10 uas1AU 2568 a1 10:00:00 u. dUtaann 13w
1 network error tRUAQVUDAIU S:UULASDUN8AULIKAD (1aovlagnisUatlia)

fetch('https://learningportal.ocsc.go.th/learningspaceapi/localdatetime’)

then(..) Default fetch() Timeout
.CatCh(...) By default, fetch() requests have a timeout defined by the browser. For
f -I na lly( ~ ) instance, in Chrome, a request times out after 300 seconds, whereas in

Firefox, it's 90 seconds. (v timeout IHdU @ WU 3 Ui

v @ learningportal.ocsc.go.thflearn X + — O "
<« C M 2% learningportal.ocsc.go.th/learningspaceapi/localdatetime @ ¥ E © £} 0‘

Pretty print

"datetime": "2025-01-21T19:13:26.8130738+07:00"

Checking response status

The promise returned by fetch() will reject on some errors, such as a network error or a bad
scheme. However, if the server responds with an error like 484, then fetch() fulfills with a Response,

so we have to check the status before we can read the response body.
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