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Orthogonal Basis

In general Walsh/Hadamar Matrices are used
for constructing the chip Codes M:

» square matrices with
dimensions of some

F power of 2,

lﬂ III » entries of 1, and

» the dot product of any
two distinct rows (or

columns) is 0.
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H(2') =

H(2?) =

and in general

H2"Y) HEMY)
_H(Zk_l) _H(zk—l) -

H(2") = = H(2) @ H2"™"),

for 2 = ke N, where ® denotes the Kronecker product.
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CDMA, CDM, TDMA, FDMA

* CDMA can be both synchronous as well as
asynchronous. Asynchronous CDMA is more
flexible than synchronous CDMA.

* CDM is used to refer to synchronous CDMA

* TDMA (Time Division Multiple Access). Similar to
Time Division Multiplexing. GSM relied on TDMA
(CDMA was not available yet). In the US, where
mobile telephony was commercially available at a
later time CDMA was adopted (more flexible).

* FDMA (Frequency Division Multiple Access). Used
commonly in Satellite Communication.

GSM: Global System for Mobile Communications
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Spread Spectrum characteristics
of (Asynchronous) CDMA

Asynchronous and synchronous CDMA both used chip
codes. Asynchronous uses pseudorandom sequences
of chips, which are not synchronized and spread over
a range of (changing) frequencies. The receiver
perceives the signals of other codes as a noise signal
which can be filtered out.

Asynchronous CDMA is ideally suited to a mobile
network where large numbers of transmitters each
generate a relatively small amount of traffic at irregular
intervals.
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1S-2000 (CDMA

Feature NMT GSM UMTS (3GSM) 1S-95 (CDMA one) 2000) LTE
Technology FDMA TDMA and FDMA W-CDMA CDMA CDMA OFDMA
Generation 1G 2G 3G 2G 3G 4G

Encoding Analog Digital Digital Digital Digital Digital
Year of First Use 1981 1991 2001 1995 2000 / 2002 2009
Nordics and
| oth Worldwide, all tri t . . - -
Roaming severatomer bt Al s L Worldwide Limited Limited Limited
European Japan and South Korea
countries
Handset interoperability None SIM card SIM card None RUIM (rarely used) SIM card
Common Interference None Some electronics, e.g. amplifiers None None None None
Unlimited cell size, | Unlimited cell size,
Sianal qualitv/coverage Good coverage Good coverage indoors on Smaller cells and lower indoors coverage on Tlmlte ce _:ze Tlmlte ce _;Ize
ignal qu ‘cover: ow transmitter ow transmitter
gnal quality g due to low 850/900 MHz. Repeaters possible. | 2100 MHz; equivalent coverage indoors and W 'tl | W 'tl |
r
area frequencies 35 km hard limit. superior range to GSM on 850/900 MHz. power permiis large | power permils large
cells cells
. Vore] . O'ZI'ViHZ =: tl';"es':’tsz' Ealfh , | 5MHz=2MoiUs. 42Mbits for HSPA+. Each |\ . |
requenc w im n wer than - . z=
L equency . oy _o eslo c.a old up to 2 calls ( call uses 1.8-12 kbit/s depending on chosen owerha .
utilization/Call density density calls with VAMOS) through ) ) . 2000? 3Mbit/s
) ] quality and audio complexity.
interleaving.
Handoff Hard Hard Soft Soft Soft Hard
No (data only)
Voi ibl
Voice and Data at the , NoEVDO/Yes | ‘0c@Possible
) No Yes GPRS Class A Yest?! No 5 through VoLTE
same time SVDOE!
or fallback to
2G/3G
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IEEE  Freq Range Data Rate
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802.11 Architecture

ESS
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Frame . Sequence
Address 1 | Address 2 | Address 3 Address 4 | Payload m 802.11 Frame

Protocol | Frame Frame More Power More .
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e Protocol Version provides the current version of the 802.11 protocol used. Receiving STAs use this value to
determine if the version of the protocol of the received frame is supported.

o Type and Subtype determines the function of the frame. There are three different frame type fields: control, data,
and management. There are multiple subtype fields for each frame type . Each subtype determines the specific
function to perform for its associated frame type.

e To DS and From DS indicates whether the frame is going to or exiting from the DS (distributed system), and is only
used in data type frames of STAs associated with an AP.

e More Fragments indicates whether more fragments of the frame, either data or management type, are to follow.
e Retry indicates whether or not the frame, for either data or management frame types, is being retransmitted.
e Power Management indicates whether the sending STA is in active mode or power-save mode.

e More Data indicates to a STA in power-save mode that the AP has more frames to send. It is also used for APs to
indicate that additional broadcast/multicast frames are to follow.

o WEP indicates whether or not encryption and authentication are used in the frame. It can be set for all data frames
and management frames, which have the subtype set to authentication.

e Order indicates that all received data frames must be processed in order.
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Frame Control: Data frame, Receiver address Transmitter address
from STA to DS (to AP) Duration (MAC of AP) (MAC of source STA)

o 08 01 (30 00|le4 ce 8f 66 b2 42|le4 ce 8f 5b al 6|
WAC of doct S1ay [€4 ce BF 5a @c 5e|[fe 06][aa aa 03 06 60 60 08 00
Sequence control [45 @ 0@ 37 59 33 40 00 40 06 60 la cO a8 00 10
cO a8 00 13 e@ 1c 11 5c f4 6d 68 b2 cf a7 ee 49
80 18 00 e5 2d eb 00 00 01 01 08 0a @0 00 33 f5
00 00 33 85 48 69 0a Frame body

Receiver address
Frame Control: Control (TX MAC of frame that is
frame type, ACK subtype Duration being acknowledged)

'd4 00/[00 00|[e4 ce 8F 5b al 6|
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Audio Internet
Telephony appl. Management appl.

TCP/UDP W _ AT (attention) | TCS BIN SDP
commands - cordless Service

“ - mobile phones | phones [ Discovery
- modems -1sSDN [ Protocol

Logical link control & adaptation protocol (L2CAP)

RFCOMM (serial port
emulation)

Base band layer

Radio physical layer
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