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Brief history of wireless
What is wireless communication?

Bottom-down approach

— Physical layer : how can we transmit signals in air?
— Link layer : multiple access

— Wireless impact higher layers?

Wireless Systems
— Wifi
— Mobile Broadband Networks
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Wireless History

« James C Maxwell ( 1831- 1879) laying the theoretical
foundation for EM fields with his famous equations

« Heinrich Hertz (1857- 1894 ) was the first to demonstrate
the wave character of electrical transmission through
space (1886). (Note Today the unit Hz reminds us of this
discovery).

* Radio invented in the 1880s by Marconi

 The 1st radio broadcast took place in 1906 when
Reginald A Fessenden transmitted voice and music for
Christmas.
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Wireless History cont...

* In 1915, the first wireless voice transmission was set up
between New York and San Francisco

* In 1926, the first telephone in a train was available on
the Berlin — Hamburg line

« 1928 was the year of many field trials for TV
broadcasting. John L Baird ( 1888 — 1946 ) transmitted
TV across Atlantic and demonstrated color TV
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Wireless History cont ...

« 1946, Public Mobile in 25 US cities, high power transmitter
on large tower. Covers distance of 50 Km. Push to talk.

« 1982: Groupe Spéciale Mobile was launched to develop
standards for pan-European mobile network

 GSM now stands for Global System for Mobile
Communications

« 1992 Official commercial launch of GSM in Europe
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Wireless History cont ...

1997 - Wireless LANSs

2000 - Bluetooth with 1Mbit/s specification, single cell.
Later work on 10Mbit/s spec with multi cell capability

In 2005 mobile phone subscribers exceed fixed phone
subscriber.

In 2012 the number of subscriber reaches 1 million.

In 2014, the number of mobile devices grow to a total of
7.4 billion, exceeding the world’s population.

2017: 5G, convergence of technologies to support
billions of connected devices.
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Why Wireless?

* Freedom from wires
— No cost of installing the wires
— Not deal with bunches of wires running around

* Global coverage

— where wired communication is not feasible or costly
e.g. rural areas, battle field and outer space.

« Stay Connected
— Any where any time, even under mobility

 Flexibility

— Connect to multiple devices simultaneously
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What is Wireless Communication?

* Transmitting voice and data using
electromagnetic waves in open space

» Electromagnetic waves

 Travel at speed of light (c = 3x108 m/s)
« Has a frequency (f) and wavelength ()
»C=FfXA



UiO ¢ Faculty of Mathematics and Natural Sciences - B

University of Oslo c

Wireless Link Characteristics

» decreased signal strength: radio signal attenuates (lose
sign)al strength) as it propagates through matter (path
loss

« Higher frequencies will attenuate FASTER

« Higher frequencies also don’t penetrate objects as well

 [nterference from other sources: standardized wireless
frequencies shared by other devices (e.g., phone);
devices (motors) interfere as well

* multipath propagation: radio signal reflects off
objects/ground, reaching destination at slightly different
times

.... make communication across (even a point to point) wireless
link much more “difficult”
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Electromagnetic Spectrum
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« What is wireless communication?

« Bottom-down approach
— Physical layer : how can we transmit signals in air?
— Link layer : multiple access
— Wireless impact higher layers?

* Wireless Systems

— Mobile Broadband Networks
— Wifi
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Block diagram of radio transmission

» Information (e.g. sound) is converted by a transducer (e.qg.
a microphone) to an electrical signal
« This signal is used to modulate a radio wave sent from a

transmitter.
* Avreceiver intercepts the radio wave and extracts the
information-bearing electronic signal, which is converted back

using another transducer such as a speaker.

Electronic .
Transducer Processors Transmitter
Electronlc /\/\
v B EEe Db
/7
Receiver Transducer

Elect ti
ec rg/rg\c/ygne IC JUV %\MQWWW‘Q Elefg‘%mc . w ’
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What is modulation?

* Modulation = Adding information to a carrier signal
* The sine wave on which the characteristics of the
information signal are modulated is called a carrier signal

Modify a
Signal
"Modulate"

Detect the Modifications
"Demodulate”

Any reliably detectable change in
signal characteristics can carry information

15
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Preliminaries

Carrier signal: + A cos (2nfqt + (p&

\ Phase

Amplitude Frequency
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-10 ! ! /
y=10cos x
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Types of Modulation

« ANALOG MODULATION: If the variation in the
parameter of the carrier is continuous in accordance to
the input analog signal the modulation technique is
termed as analog modulation scheme

« DIGITAL MODULATION: If the variation in the

parameter of the carrier is discrete then it is termed as
digital modulation technique

17
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ANALOG MODULATION

/\_/—\&gnal

FM

Amplitude Modulation:
Signal shapes the
amplitude of the carrier

Frequency Modulation:
Signal shapes the
frequency of the carrier

18
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DIGITAL MODULATION TECHNIQUES

2. Analog sinusoidal carrier signal:

Voltage | —T, — i E

1. Baseband digital message signal: m(?) .. !
Digital |

Signal 1 0 1 0 I

Time
A. Carrier signal: A_ cos( 2rnft + ¢, ) Carrier %%%ﬁ(%wwu%aﬂ%%ﬂﬂ_
Signal Time
3. ASK: Amplitude Shift Keying. ; : ; g
A. Message signal changes the ASK M\M\,\ nM\M\L\AAAAE -
carrier's amplitude : A,(t). Signal VVVV """"":VVVVU‘”"’ "I Time
4. FSK: Frequency Shift Keying. | | | E
) FSK .
A. Message signal changes the Signal WM%W&%—.
carrier’s frequency : fi (1) . Time

5. PSK: Phase Shift Keying.

A. Message signal changes the PSK
carrier's phase : ¢,(1) . Signal
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Multiplexing (MUX) / Multiple Access (MA)

« Transmission of several data flows (logical connections) over one
medium

— Realize individual “connections”, normally with deterministic
properties (throughput, delay)

— Terminology: ??M (,,".. Multiplexing”) or ??MA (".. Multiple Access")

« Also:
Transmission of one data flow (logical connection) over several media

— (increase performance and/or reliability)

‘CD‘—High Performance —(—_____ > ﬁﬂAﬂP| ﬁﬂﬂ

BT A T R T/
| _ Y,
7/ (1 /j

several connections with less performance / quality
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Time Division Multiple Access (TDMA)

 Each user is allowed to transmit
only within specified time intervals
(Time Slots). Different users
transmit in different Time Slots.

 When users transmit, they occupy
the whole frequency bandwidth
(separation among users is
performed in the time domain). -

« Commonly used in GSM together TDMA time
with frequency hopping

frequency

22
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Frequency Division Multiple Access (FDMA)

Bl

« Each user transmits with no frequency
limitations in time, but using only a
portion of the whole available
frequency bandwidth

» Different users are separated in
the frequency domain

« FDMA can be used for both digital
and analog signals

* Very common in satellite
communications

FDMA Sl

O The major disadvantage of FDMA is the relatively

expensive and complicated bandpass filters required. s
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FDMA in time domain
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Code Division Multiple Access (CDMA)

« unique “code” assigned to each user; i.e., code set
partitioning
— all users share same frequency, but each user has own
“chipping” sequence (i.e., code) to encode data

— allows multiple users to “coexist” and transmit
simultaneously with minimal interference

« Chip sequences are orthogonal to ensure
reconstructability:
—seq. 1: x=(Xq, .. X,),8€q. 2.y = (Y1, .. ¥Vn) 2% VYi=0
— Common choice: Walsh sequence
« encoded signal = (original data) X (chipping sequence)
» decoding: inner-product of encoded signal and chipping
sequence

25
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CDMA encode/decode
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CDMA: two-sender interference
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Orthogonal Frequency Division Multiple
Access (OFDMA)

* The carriers are chosen such that they are orthogonal
to one another

Ch.1 Ch.2 Ch.3 Ch.4 Ch.5 Ch.6 Ch.7 Ch.8 Ch.9 Ch.10

NN /\/\(\ AN omemimta

Frequency

Saving of bandwidth

/‘/VVWWM\‘ = Orthogonal multicarrier
- i E

: Frequency

(b)
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Orthogonality Principle

Positive and
negalfive areda
cancel.

* Real Function space

Positive and

f1(t) = Asin(wt)
f>(2) = Bcos(wt) N osamyeares -+ Avea
[ ros@ad=o

f. () = M sin(mwt) :
1, ()= N cos(nwt)

LHT IO F,@)dt =0 “/\/\ J uﬂ /\ \f T f h'

Here mw and nw are called
m-th and n-th harmonics of
w respectively
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Summary: FDMA,TDMA, CDMA and OFDMA

1G/TACS 2G/GSM

: : Power
: : - FDMA : : : A ......... ......... ______ / ....... ......... TDMA _____ e S

Each user allocated a : : : :
different subband/ =1 || S & - | Each user allocated a

channel : 5 : r_ f . 5
. : : ; g g ) I ot chan nel.

OFDMA...? _________ -
- | Each user allocated a
- different resource

| which can vary in:
: tlme and frequency

channel

... I, . . ..
B il S
""" >Frequency : : D—Frequency
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Brief history of wireless
What is wireless communication?

Bottom-down approach

— Physical layer : how can we transmit signals in air?
— Link layer : multiple access

— Wireless impact higher layers?

Wireless Systems
— Mobile Broadband Networks
— Wifi
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Wireless: impact on higher layers

* logically, impact should be minimal ...
— best effort service model remains unchanged
— TCP and UDP can (and do) run over wireless, mobile

... but performance-wise:

— packet loss/delay due to bit-errors (discarded packets,
delays for link-layer retransmissions), and handoff

— TCP interprets loss as congestion, will decrease
congestion window un-necessarily

— delay impairments for real-time traffic
— limited bandwidth of wireless links

32
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Bottom-down approach

— Physical layer : how can we transmit signals in air?
— Link layer : multiple access
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Wireless Systems
— Mobile Broadband Networks
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Mobile Broadband (MBB) Networks

* Mobile networks (e.g. 3G/4G)

— Underpins a lot of vital operations of the modern
society
« Extended coverage
« Mobility
« Security

34
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Macro View

* Building Blocks of MBB Networks

— Radio Access Network
— Core Network

eNodeB

Core
Network (CN) :

Radio Access Network (RAN)

External
Network

35
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Closer look to LTE

LTE/EPC Network Elements

Evolved Packet Core (EPC)

...................................................

Mobility
Management
Entity

Gx

UTRAN: UMTS Terrestrial Radio Access Network

Policyl&

ChargingiRule

Functipn

36



UiO ¢ Faculty of Mathematics and Natural Sciences - B
University of Oslo c

eNodeB is responsible for:

User and mobility management

Dynamic Air Interface Resource Allocation
(Scheduler)

Load balancing of simultaneous bearers to
different users

Interference management among base
stations

Ensuring QoS (service-subscriber)

37
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Inter eNodeB interface

* Handover management

— If target eNodeB is known and reachable -> eNodeBs
communicate (neighbor relations through mobile
devices)

— If not, over the core network
* Inter-cell interference coordination

— Mobile devices report noise levels to their serving
eNodeB

— Contact with neighboring eNodeB to mitigate the
problem

38
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Closer look to LTE

LTE/EPC Network Elements

Evolved UTRAN (E-UTRA

39



UiO ¢ Faculty of Mathematics and Natural Sciences - B
University of Oslo c

Home Subscriber Service (HSS)

» Central database that contains information about
all the network operators subscribers

» Contains the subscription related information
(subscriber profiles)

 Performs authentication and authorization of the
user

 Provides information about the subscriber’s
location and IP

40
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Mobility Management Entity (MME)

Network Access Control: MME manages
authentication and authorization for the UE.

Radio Resource Management: MME works with
the HSS and the RAN to decide the appropriate
radio resource management strategy (RRM) that
can be UE-specific.

Mobility Management: One of the most complex
functions MME performs. Providing seamless inter-
working has multiple use cases such as Inter-eNB
and Inter-RAT, among others.

41
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Mobility Management Entity (MME)

 Roaming Management: MME supports outbound
and inbound roaming subscribers from other
LTE/EPC systems and legacy networks.

 UE Reachability: MME manages communication
with the UE and HSS to provide UE reachability

and activity-related information.

« Lawful Intercept: Since MME manages the
control plane of the network, MME can provide
the whereabouts of a UE to a law enforcement
monitoring facility.

42
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Serving Gateway (S-GW)

* Acts like a high level router

— Routes and forwards user data packets from
eNodeBs to PDN-GW

* Mobility anchor for the user plane during inter-
eNB handovers

* Anchor for mobility between LTE and other
3GPP technologies

43
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Packet Data Network Gateway (PDN-GW)

* Point of contact with the outside world

— Connectivity between the UE to external packet data
networks

— point of exit and entry of traffic for the UE

 The PDN GW performs policy enforcement,
packet filtering for each user, charging support,
lawful Interception and packet screening.

44
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Policy and Charging Rule Function (PCRF)

How a certain packet is delivered to a certain user
considering the QoS and charging?

QoS: Differentiation of subscribers and services

Charge subscribers based on their volume of usage
of high-bandwidth applications

Charge extra for QoS guarantees
* Limit app usage while a user is roaming

» Lower the bandwidth of wireless subscribers using
neavy-bandwidth apps during peak usage times.
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1
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- 1/
L - b
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I 6w o Packet Data Network
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Create Session Request \
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Packet Data Network
e..g Internet
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Wireless Systems
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— Wifi
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Wireless LAN Architecture

< wireless host

communicates with access
points (AP)
/ < The owner of the AP

Internet

becomes the operator

hub, switch < Basic Service Set (BSS) in
or router infrastructure mode
contains:

= wireless hosts

= access point (AP): base
station

= ad hoc mode: hosts only

C @Y,
ﬂcé 022
(Ci7>

BSS 1
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IEEE 802.11 Wireless LAN

802.11b 802.11¢g
— 2.4-5 GHz unlicensed — 2.4-5 GHz range
spectrum — up to 54 Mbps

— up to 11 Mbps

802.11n: multiple antennas
802.11a — 2.4-5 GHz range
— 5-6 GHz range — up to 200 Mbps
— up to 54 Mbps

50
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Wireless network characteristics (1)

Multiple wireless senders and receivers create
additional problems (beyond multiple access):

&2 & &2
Ag g B g C

I
——

A’ sisignal C’ s signal
strength strength

space

Signal attenuation:
<+ B, A hear each other
<+ B, C hear each other

<+ A, C can not hear each other
interfering at B
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Wireless network characteristics (2)

Multiple wireless senders and receivers create
additional problems (beyond multiple access):

Hidden terminal problem Exposed terminal problem
<+ B, A hear each other <+ C wants to send D, A wants to
+ B, C hear each other send B
+ A, C can not hear each other  * When Atransmits to B, C
means A, C unaware of their walits
interference at B <+ But D is outside of the range

of A, so the wait is
unnecessary 52
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Carrier Sense Multiple Access (CSMA)

What happens if two

« Listen (CS) Before Talk (LBT): senders do this?

— channel idle: transmit entire frame

— channel busy: defer transmission
« 1-Persistent CSMA: retry immediately when channel becomes idle

« P-Persistent CSMA: retry immediately with probability p when channel
becomes idle
* Non-persistent CSMA: retry after random interval

 Human analogy: don’t interrupt others!
— Politicians are sometimes 1-Persistent...

« Collisions
— sender 1 may not immediately see 2’s transmission (propagation delay)

— entire frame transmision time wasted

53



UiO ¢ Faculty of Mathematics and Natural Sciences - B
University of Oslo c

Example: IEEE 802.11 CSMA/CA

802.11 sender

* 1if sense channel idle for DIFS then
transmit entire frame (no CD)

« 2 if sense channel busy then
start random backoff time
timer counts down while channel idle
transmit when timer expires

if no ACK, increase random backoff interval,
repeat 2

802.11 receiver ﬂ'—

- if frame received OK

return ACK after SIFS (ACK needed due to
hidden terminal problem)

sender receiver

DIFS {

}SIFS

o4
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Avoiding collisions

Idea: allow sender to “reserve” channel rather than random
access of data frames: avoid collisions of long data frames

* sender first transmits small request-to-send (RTS) packets
to BS using CSMA

— RTSs may still collide with each other (but they're short)

* BS broadcasts clear-to-send CTS in response to RTS
* CTS heard by all nodes

— sender transmits data frame
— other stations defer transmissions

avoid data frame collisions completely
using small reservation packets!

55
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Collision Avoidance: RTS-CTS exchange

&2 T

@ 0D
g A B AP B g

B
RTS(A) RTS(E)
reservation collision
RTS(A)
CTS(A) CTS(A)
) defer
timei

ACK(A) ACK(A)
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OTHER WIRELESS
NETWORKS

ch
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Satellite Networks

 More than 500 satellites have been launched,
servicing radio, television and telephony.

* Universal Coverage, limited data rate, costly

* Applications:
— Broadcasting, telephony and backup to terresterial

— Military: providing robust and sophisticated secure
communications network

— Mission critical services
— Autonomous driving and Unmanned Aerial Vehicle

— Tele-medicine
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Wireless Sensor Networks (WSNs)

« Based on 802.15.4
— Some devices: ZigBee (802.15.4 PHY+MAC + layers 3 /7))
— uses CSMA/CA
— Many devices can run TinyOS or Contiki OSes

* Specific scenarios — alarm based systems, regular
measurements, ... => specific improvements possible

— e.g. static topology, regular updates: can do special routing; can
put nodes to sleep when they don’'t communicate

— transport: sometimes per-hop reliability

— often: one static sink => “funneling effect” of traffic going “up the
tree”, earlier battery depletion of nodes near the sink

— Solution: mobile sink (e.g. radio controlled helicopter)
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Mobile Ad Hoc Networks (MANETS)

* Mobile devices, also acting as routers
 Memory and CPU restrictions
* Flexible environment, changing topology
« Not too many realistic usage scenarios

— When do you not have a base station but want to connect

anyway?
 Military battlefield was a common example scenario —
is it the only real use case?

— Better to incorporate base stations and consider the
(somewhat less mobile) network formed by the
heterogeneous equipment connected in this way

* Wireless Mesh Network (WMN)
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Cognitive Radio

« Spectrum utilization depends strongly on time and place
— Could do better than always use the same allocated frequencies

* lIdea: let unlicensed (“secondary”) users access licensed
bands without interfering with licensed (“primary”) users

— ldeally, access a database which maintains a common view of
who uses which spectrum

— Many issues Power trum hol
(e.g. security, A T
incentives for Time
cooperating, ..) - m
\ |u'll |'""l" AN
l”“” lll \/ [ llll ‘l' ITlll

Frequency
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