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4G Cellular Mobile Communication

Techniques

S-DMB

DVB-H
DVB-S T-DMB

4th Generatio

DAB
Broadcasting HPi/Elash OEDM  Wireless

li-BURST/... Access
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Camera-Phone Trends

SCH-X290  SCH-X590 SCH-V420 SPH-V4400 SPH-S2300 SCH-5250
2002.3. 2002.5. 2003.10. 2004.6. 2004.7. 2004.10.
11 ( ) 100 200 300 500
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IrDA

High Speed
Standard Power

Printer

-
e
e @ Desktop / Dongle

Digital Camera

Notebook PC

Vending m/c

Pager

Short Messages
Low Power

Scanner
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Bluetooth
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DMB

AV, Data Digital Multimedia Broadcasting
DMB DMB
= 12.2GHz }))) X

e Gap

[

Filler
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Evolution of Mobile Communication Systems

W time W time code time
T/ A t
1.288M
1G ’ 2G | 4 cps
> f - > f f
FDMA TDMA CDMA
[AMPS] [GSM, 1S-136, PDC] [1S-95A, B]
time time
code z code code time
b l
3.84Mcps
AMCD
3G
i —— > f f
[TD-CDMA] [cdma2000 MC] [W-CDMA]"
(3GPP2) - (3GPP)
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Cellular System Concept

5T
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1. GSM AIr interface
¢ A GSM Cell ¢

Ty,
- - - -~ ~-
BCH -~ - .~ ~ <\
/ ! ™
| y
Broadcast 1 /
- P
CHannel - -y
i -
] - -
. -

Abis
Interface
———--
To BSC

Traffic
CHannel

e Max Cell Radius is up to 35km .
64bit x (3x108) = 64 x (3.69x10°°) (3x108) = 70.8km

Timing Advance
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¢ GSM Air Interface (1) ¢

e Separate Bands for Uplink and Downlink

e TDMA & FDMA Multiplex

- 124 Frequency Channels (ARFCN) for GSM850
- 124 Frequency Channels (ARFCN) for GSM900

- 373 Frequency Channels (ARFCN) for DCS1800
- 298 Frequency Channels (ARFCN) for PCS1900

- 200 kHz Channels
- 8 Mobiles share ARFCN by TDMA

e 0.3 GMSK Modulation
- 270.833 kbhits/sec. rate

e Variable Tx Power and Timing

5T
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¢ GSM Air Interface (2) ¢

GSM900 GSM900

GSM850 5[ A G Phase GSM1800 PCS1900

Ub link 824 to 890 to 880 1710 to 1850 to
plin 849 MHz 915 MHz 915 MHz 1785 MHz 1910 MHz

D link 869 to 935 to 925 to 1805 to 1930 to
R Al 894 MHz 960 MHz 960 MHz 1880 MHz 1990 MHz
ARFCN 128 t 251 1t 124 L 10 Lzg 512 t 885 512 t 810

range 0 0 975 to 1023 0 0
ToUR S Spaaing 45 MH z 45 MH z 45 MH z 95 MHz 80 MHz

(Freq.)

TX/R()fri;pe:;\cmg 3 Timeslots 3 Timeslots 3 Timeslots 3 Timeslots 3 Timeslots
Modulation 270.833 270.833 270.833 270.833 270.833
Data Rate kbit/s kbit/s kbit/s kbit/s kbit/s

Frame Period 4.615 ms 4.615 ms 4.615 ms 4.615 ms 4.615 ms

Timeslot Period 576.9 us 576.9 us 576.9 us 576.9 us 576.9 us
Bit Period 3.692 us 3.692 us 3.692 us 3.692 wus 3.692 us
Modulation 0.3 GMSK 0.3 GMSK 0.3 GMSK 0.3 GMSK 0.3 GMSK
Channel 200 kH z 200 kH z 200 kH z 200 kH z 200 kHz
Spacing
TDMA Mux 8 8 8 8 8

MS Max Power 8w AULA G 8 W RV, 2W

max in use)

MS Min Power 13 dBm 13 dBm 5 dBm 0 dBm 0 dBm
ST 0 to 15 0 to 15 2 to 19 0 to 15 0 towl5

Control Steps
Voice Coder . . 13 kbit/s, 13 kb.itts; ]
Bit Rate 13 kbit/s 13 kbit/s 5 6 kbit/s 56 kbit/s 13 kbit/s

ﬁ ELECTRONICS
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2. GSM Radio
¢ TDMA and FDMA ¢

Physical Channel is an
ARFCH and Timeslot

Amplitude

3 Timeslot

. =  Frequency

Py
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¢ 0.3 GMSK Modulation

Data ‘ ‘ ‘ ‘ ‘ ‘ ‘ 270.833kB/s
— +67.708 kHz
FrequencM/\
-67.708 kHz Q
Phase T l T l l l T+90degl -90deg @l

Py

2005-10-11 16 ELECTRONICS




¢ TX levels ¢

.y

Path

lL.oss
Tx Level Power dBm
i D 33
b 31
7 29
14 15
Y15 13

Py
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¢ Frames and Multiframes ¢

I— 6.125 —-|

Superframe .
P 51 Multiframes
120ms
Multiframe _
j—rq_‘ 26 Frames
4 B1&ms
Frame ------7r‘|< 8 Timeslots
576592 Us
Timeslot 57 26 57 8.2
3 : 1 - 1 : k e 156.25 Bits
(normal burst) L bits bits bits | bits
Tail | control | Control | Ta
bits  Qgag bt bt Loz Pt T Guard
Midamble Fariod
18 ELECTRONICS
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¢ Downlink and Uplink ¢

Timeslots
DOVFNLIN K 2345570123456 7017

ARFENL T T T T T T T T T T I T T [T T T 1]

45 MHZ

UPLINK

ARFCR ENEENENENENENENINEEENENINNENEENINEENE

0122458701
Timeslots -4— Frame —#

e Uplink lags Downlink by 3 Timeslot periods
e Uplink and Downlink was same Timeslot Number
e Uplink and Downlink use same Channel Number (ARFCN)
e Uplink and Downlink use different bands
(45 MHz apart for GSM900)

5T
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¢SIMoe
( Subscriber Identity Module )

e Plugs into Every GSM Mobile
- Two Sizes-standard (credit card) and Micro (postage stamp)

e Holds All Unique Subscriber Information

- IMSI (International Mobile Subscriber)
- Lists of Networks Allowed For User

e Stores Information on Last Location ﬁl

e Stores User Information
- Speed Dial Lists, Memories Etc.

5T

20 ELECTRONICS



2005-10-11

¢ Phase Il Features ¢

e Bringing GSM and DCS together

e Low power levels(16,17,18,19) are added
o E-GSM

e Dual Band

e Enhanced Full Rate Speech

e Half Rate Speech

e Fast BER Measurements

e Data Applications

21
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¢ Don't interface with other users

v 4,

Spunous

Amplitude

3 Tlmeslot
o FrecL-ency utputRF Spectrum

1 2 3 4 5 6
ARFCN
Power Versus Time
E \ g ARFCN ARFCN

Timeslot Timeslot

22
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¢ The GSM Burst ¢

Frequency

Py
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¢ Power versus Time ¢

Amplitude

Py
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¢ GSM TDMA Power Burst ¢

l Power +4 dB
I +1.0 dB
. A0dB 6 dB
< -
20 dB N I 20 dB
147 "Useful' Bits
= 542.8us >
F0de 20dB
0P EBIJ«S 11 0ps TOps" Busi 10ps
! = H b= =1 1 =7
148 "Active" Bits, 546 4215 .
& Time
-
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¢ Output RF Spectrum ¢

L™
-
----------

Due to Ramping

e ™1
=
o
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¢ Output RF Spectrum
due to Modulation

Tuned Average Power Across
Useful Part of Burst

— | fe—
Offset kHz

Channel Centre

Power

=y
T o
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¢ ORFS due to Modulation ¢

Conif;’:’el_revel Pozvjér;e]v ® | 0 kHz | 100kHz | 200 kHz | 250 kHz | 400 KHz f:zo
0 43 0odB8 | 05dB | -30 dB | -33dB | -60dB | -70dB

> 39 0 0.5 30 .33 _60 66

3 37 0 0.5 .30 .33 -60 _64

>5 <33 0 0.5 -30 .33 -60 -60

2005-10-11
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¢ Output RF Spectrum
due to Ramping

—]  f—
Offset kHz

Channel Centre

FPower

Py
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¢ ORFS due to Ramping ¢

Power Level 400 kHz 600 kHz 1200 kHz 1800 kHz

43 dBm -9 dBm -21 dBm -21 dBm -24 dBm
41 -11 -21 -21 -24
39 -13 -21 -21 -24
37 -15 -21 -21 -24
35 -17 -21 -21 -24
33 -19 -21 -21 -24
31 -21 -23 -23 -26
29 -23 -25 -25 -28
27 -23 -26 -27 -30
25 -23 -26 -29 -32
23 -23 -26 -31 -34
<21 -23 -26 -32 -36

Py
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¢ Measuring Phase and Frquency Error (1)

2005-10-11

Q
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¢ Measuring Phase and Frquency Error (2)

+180

i

+90

7

D‘ 7
-90

RS

A

(d

-180

Subtract Perfect Trajectory
From Actual

+20

+10
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¢ Measuring Phase and Frquency Error (3)

+20
+10 1
-10
-20

o eee

Frequency Error (mean A¢/AT)
---------------------- (I)t GSM900 < 90 Hz

i DCS1800 <180 Hz

AT
Phase Error

Peak <20 deg.
) 7V Rms < 5 deg.

Py
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3. Dual Band and Triple Band

2005-10-11

e What is Dual Band ? EE Ecs

e GSM900 and DCS1800
e GSM900 and PCS1900
e GSM900, DCS1800 and PCS1900

e Market Drivers
e How does it work ?

- dual band handover
- multi band measurement reporting

5T
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¢ How Does Dual Band Work ? ¢

e Set up a call
-In GSM or DCS

e Intra band handover

e Inter cell handover

5T

2005-10-11 35 ELECTRONICS



¢ Dual Band Assignment ¢

GSM band DCS band

A {\ Use Intra-cefl channel assignment procedure.

BCH stays in GSM900 band on same ARFCN
TCH moves to DCS$1800 band

BCH TCH _
(\ ‘w.h{\
BCH TCH

5T
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GMSK Modulation (1)

Markar 1 (T1] i 0 Kz LF ALt
693 dir Vi 0 KL

ST LU e Unit

Yi((m

FRLLED

A Fpiled
ad[lTL

WW“

fanter 915 MHz 200 §Hg

L0, DRC, 2008 13:56:50

Frequency domain I
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HS Ch Freq 914.800 MHz TSC Auto
GMSK Phase & Frequency E-GSH

Phase Error:

8.35 ° rms
3.12 ° pk
at bit 0.50

Freq Error:
-1.32 Hz

1/0 Offset:
-50.77 dBc

Avy Type:
Mean

I
- RF A Trigkxt:F

The modulation spectrum must fit in

the modulation mask

The time burst must fit in the time

mask

Constellation domain I

38

Ch Freq 914,800 Mz  TSC Auto

onsk poer vs Tine £G4 [ ES

Mean Transmit Power  Current Data

1213 dBn

Time domain
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GMSK Modulation (2)

The power amplifier must be
Output Power operate in the saturation area

NS ChFreq 914.800 Miz 15C Auto HS ChFreq 914.000 Nz TSC Auto

GHSK Power vs Tine  E-0SH - OHSK Power vs Tine  E-6SK _

Mean Transhit Pover  Current Data

1213 cb

Input Burst Output Burst

v

Input Power

As the information is only in the phase modulation the power amplifiersmust be operated

saturated in order to get an optimized efficiency

2005-10-11 39 ELECTRONICS



GMSK Power Control

Variable
As for GMSK mode, we work with a constant envelope,
Vetrl . we can operate the power amplifier saturated .
Vbat An easy way to control the output power is then
to fix the input drive level in CW mode at a constant
CW - Pulsed level anq to bgrst the output signal with a pulsed
Pin control signal issued from the DAC .

ﬂ:%ﬂ

The control signal is integrated in order
to provide a smooth ramp-up & down.

! Pout is reduced 4 Pout(dBm)
© as Vctrl is
| decreased
r:\ v
T
Pin . Vcetrl(V) .

2005-10-11 40
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EDGE Modulation (1)

Two modulation schemes are defined in EDGE:
« GMSK (Gaussian Minimum Shift Keying) as in GSM and GPRS
» 8-PSK (8 Symbol Phase Shift Keying)

The chosen RF modulation depends on the quality of the
actual radio link.

In 8-PSK, each possible combination of three inputs bits
IS allocated to one symbol. Thus 8 symbols (000 to 111)
are defined for 8-PSK.

Each input symbol generates a phase shift to one of eight
defined phase states.

5T
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EDGE Modulation (2)

Compared to GMSK, 8-PSK has three times the data
throughput capacity.

However, its major disadvantage is the inconsistent
envelope of modulated signal.

Q A Q A
shiftin steps ™. 010 011
T 000
AN Only direct shift possmle/
Input bit = 1 \ | 001 / 111 |
/ Input bit=0 : l 1 ! )
101 110
1/0/0/1/0(1|0{1|1/0,0}1
’ >

GMSK

2005-10-11
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EDGE Modulation (3)

9 No transition through 9

010
011 = 111

010

001

000 100

001 101

100

Between any two symbols, the symbol

circle shifts by an offset angle of ¢ = 3?”

2005-10-11

Constellation diagram fo4r337c/8 Offset 8-PSK

origin due to rotation

010

001

000

101

001 101
100

The figure illustrates one symbol change
from blue colour state (plain 8RPSK) to the

100

mauve symbol state.which is shifted by 3=/8

compare to plain 8PSK

5T
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3n/8 8PSK Modulation Constellations

1. EDGE coding schemes
MCS5-9

2. Uses 3n/8 8PSK
3. 3 bits per symbol

4. Utilises a 31/8 rotation
every symbol to avoid
zero transitions

5. Power trace now varies
with symbol transitions

i ELECTRONICS
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EDGE Modulation (4)

Harker 1 10 EBG 0 KHz 2T Aft an a3
Rel vl 17.44 d3n VBH 20 kH:

19 den LT3L9%el0 GEz T 10 ms un.z 2

3 S
2L5 LLE Cifspt : A Yi|(11) 11,44
LINIT QERLN ¢ EASSED
. 1.73£93670 GHg

-40C,06030070 kHy

A1) -53.15 &
402,05020030 1z
/ \ <111 S

-
\
\

\

»\_\

D \
-y
“ter 1,735 CHz 260 Saen 2 MH:
Jate 13.382.7 1 04

Frequency domain I
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MS  Ch Freq 914.800 MHz TSC Auto
EDGE EVM E-GSH PASS]

ARFCN 124 '

1/ Measured Polar Vector

The modulation spectrum must fit
in the modulation mask.
The time burst must fit in the time

mask.

Constellation domain I

45

M5 ChFreq 914,00 Mz TSC Auto

oot poker vs Tiee £-650 |G

Nean Transmit Powsr  Current Data

853 dBn

Time domain
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EDGE Power Control

Vctrl is kept
constant @Vctrl max

As for EDGE mode we work with a non constant envelope,

| | Vetrl due to the 8PSK modulation, the power amplifier is
| | — VCTRL = Vbat operated non saturated (linear mode) to allow the phase
: : and amplitude modulation to be transmitted.
bulse An easy way to control the output power is then
Pulsed Pulsed : : :
! ! : Pout to fix the control voltage to its maximum value and to
i P'L. PA pulse and vary the output power by means of the input signal
The ramp-up & down of the signal is done on the input
signal.
4 Vctrl set to
Vctrl max
Pout
: i A
Lo Pout(dBm)

Pout is varied
linearly as Pin is
increased

| - Pin Pin(dBm)
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Changes!! Air Interface

« GMSK modulation is maintained for certain data rates

« 8-PSK modulation with 37 /8 rotation per symbol is used for higher
data rates

« TS format is maintained for backward compatibility and easier design

« Symbol rate is the same as in GSM (270.833 ksps)

» For 8-PSK modulation, the raw bit rate is tripled

(3x270.833 = 812.499 kbps)

5T
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Physical Layer: GPRS / EDGE Comparsion

r Parameter GSM/GPRS EDGE

; <
Carrier spacing 200 kHz 200 kHz
Frame length 4.6 ms frames 4.6 ms frames
Timeslots per carrier 8
Modulation GMSK 8-PSK (also GMS
Symbol rate 270 ksymbols/s 270 ksymbols/s
Modulation bit rate 270 kb/s 810 kb/s
Radio data rate per time slot 22.8 kb/s 69.2 kb/s
Max. user data rate per time slot 20 kb/s (CS4) 59.2 kbfs (MCS9)

Max user data rate - 8 time slots

160 kbfs (182.4 kb/

473.6 kb/s (993.6 kb

| Link Quality Contral (LQC)

MNone

LA and IR

2005-10-11
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Link Quality Control:

LA (Link Adaptation)
— select the MCS that gives a maximum throughput for certain C/I

IR (Incremental Redundancy)
— Packet is sent with a certain puncture scheme

— If a packet is received in error, the transmitter will retransmit the
packet with another puncture scheme

— at the end all the packets will be combined ( better performance)

i ELECTRONICS
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