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o o ver e u or: 

While we wait for 3G to emerge, 
another 2.SG data-over-cellular 
system has emerged from the 
labs and is currently in field trials 
in several locations. GPRS is an 
extension of the GSM system, 
and uses the same channels, the 
same modulation, and the same 
network backbone as the existing 
GSM network. 

By Doug Grant, Esben 
Randers, and Zoran Zvonar 

T 
here is often a long 
lag time hecwcen the 
secclcmcnc of :1 new 
communication proto­
col o r standard and 

the availabi lity of chips with which 
co implement chat standard. General 
Packet Radio Service (G PRS) is a 
\\ elcomc exception to that rule. 
Enabling wireless users to gain net­
work access at speeds over 100 kbps. 
Gl'RS takes advanrnge of advances 
in cellular chipsets and the existing 
GS.\ I network infrastructure. 
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The G \ I digital cellular stan­
dard is \I e ll-entrenched in mos t of 
the wo rld. Industry ana lyses predict 
that over h:df the cellular phones 
sold in the world in 2000 will be 
GS.\1, \\ ith the remainder divided 
among IS-95 code division multiple 
access (CD.\ IA), 18-136 time di\·i­
~ion multiple access (TO;\ IA), pcr­
:.onal digital cellular (PDC) (in 
Japan only), and analog systems 
:,uch as the J\.1-. IP system used in 
the US. ' etwork operacors in mo t 
ufchc \IOrld use the original G, .1\ 1 
spectrum allocation ac 900 I\ I Hz. 

ddicional spectrum at I ,800 \lllz is 
used for the (,S.\ I derivative called 

DCS- 1800, and ch is band is used 
in many countries. 'ome coumrics 
"ith cellular allucacion at 450 
.\11 lz may bcgin deploying GS.\I 
in chat band as 11 ell co replace old 
;malog networks. In many area\ of 
the Cnircd Scares, there arc GS\I 
·ysrcms operating in the 1,900-
\ IHz PCS frequency band. 
Considering the man) options 
available, dual -band G \ I phones 
arc quite commonplace now. ,\ 
fc1\ tri-band (900/ J.800/1. 900 
.\ I Hz) phones are al\o available. 
allo11 ing a GS I subscriber co use:: 
the same phone almost anywhere 
in the world. 

Circuit-switched voice cal l\ arc 
till thc mo\t commonly used ser­

vices in cellular sy seems. However, 
mobile users are beginnin .e; to turn 
to the cellular necwork for wireless 
daca and I nce rnet access. There arc 
Cll'O bas ic modes of data access over 
a ll'irc lc:.s network: circuit switched 
and packet Sll'itchcd. A typical 
example of 1·ircuit-switched access 
i, the u,cr \I ho plugs a modem into 
a connector on a cellular phone 
instead of a \1 ired phone jack, and 
dials chc phone numher of the J. P 
or ncrll'ork accc~s poi nc. The con­
nection i~ a dedicated connection, 
and the u,er is billed, using the 
same method as that used for :t 

1·oicc call. by the minutcs of usage. 
,-\ network operator cannot use th:H 
channel for any other user" hilc 
this user is connected. 
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Packet switching makes use of 
data's bursty nature. Data screams 
are broken up into packecs, each 
packet is then quickly routed co its 
descinacion over a shared medium. 
An early example of chis cedmolo­
gy on a c~llular network is the cel­
lular digital packet data (CDPD) 
protocol. This system, operated 
over the AMPS network in the US, 
provides up co 19.2 kbps of raw 
data speed over the AM PS net­
work. Each user time-shares chan­
nels with other users, allowing the 
operator to sell the same channel co 
ocher users. Billing is done on a 
cents-per-packer basis, indepen­
dent of the time spent on line. 

2Gto3G 
Second-gene ration (d igital) cellular 
networks such as GSM, IS-95 
COMA, IS-136 TOMA, and PDC 
would seem co have a natural 
advantage in transmitting data due 
to their digital natu re. However, 
since these ne tworks were original­
ly developed to provide increased 
capacity and features for voice traf­
fic, data services were not a high 
priority. ow, however, as the 
Internet becomes more and more 
ubiquitous as a medium, access 
(preferably at reasonable speeds) to 

that medium has become necessary. 
See Table l for a comparison of 
these air interface specifications. 

The existing GSM network 
provides data access at speeds 
up to 14.4 kbps. This was consid­
ered a reasonable speed when the 
system was developed, but users 
are now accustomed to at lease V.90 
dial-up speeds (56 kbps maximum), 
and many are now using ADSL or 
cable modem connections co get 
even higher rates. The evolu tion 
of the wireless network co provide 
data races in the same range is 
being accomplished in cwo stages, 
which are often referred to as 
"2.SG" and "3G." 

3G services wi ll offer data 
races char rival che best wired da­
ta races now available to the con­
sumer. Speeds up ro 2 Mhps 
will be available to mobile users, 
depending on their distance from 
a base, and whether they are physi-
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cally in motion while connected. 
These data races are sufficient co 
allow fas t Web surfing and screaming 
video feeds with modest resolution. 

The regulatory bodies have 
been struggl ing to gain consensus 
on the 3G system for several yea rs, 
wi th an agreement on the air inte r­
face only reached in lace 1999. 
Disputes an_!i disagreement over 
the optimum technology and inte l­
lectual property ownership have 
considerably s lowed the process. 
Even now, the compromise agree­
me nt on the radio standards shows 
several different and incompatible 
air interfaces. le remains for the 
ne twork operators and infrastruc­
ture manufacturers co make choices 
and begin developing plans for true 
3G rollou r. 

The so-called "2.SG" systems 
represent an intermediate upgrade in 
data rates available co mobile users. 
There are several of chem, and while 
there is no clear consensus ofwhac 
constitutes 2.SG, a few systems cer­
tainly qualify. 

E nhanced Data for GSM 
Evolution (EDGE) is a representative 
2.5G system. It uses the GSM or IS-
136 network backbone, and allows 
data races up to 384 kbps. This is 
accomplished by switching co a diffe r­
ent modulation scheme than either 
IS-136 or GSM currently uses, to get 
a higher number of bics per transmit­
ted symbol. In the case of use on TS-
136 networks, EDGE requires a 
wider channel than the 30 kHz 
presently used. 

EDGE wi ll be deployed by net­
work operators in some GSM coun­
tries and also in the US by JS-136 and 
GS i operators. As of yet, there is no 
specific date sec for the deployment. 

The IS-95 (a lso known as 
cdmaOne) syste m includes an evo­
lutionary path co 3G. T he first step, 
known as " Ix RTT," is a straightfor­
ward upgrade co cdmaOne using 

the same channels and modulation 
system, but us ing modi fied d igita l 
processing. It allows data rates up 
co 144 kbps, and is being tested in 
several locations as of th is article's 
preparation. The 3G extension, 
known as 3xRTT, wi ll allow highe r 
dl'!ti1 races by using three combined 
CDMA rad io channels. When it is 
fu lly impleme nted, the 3xRTT ver­
sion (also known as cdma2000) wil l 
offer the 2-Mbps data speeds tout­
ed by 3G designers. 

While we all wait for 3G to 
emerge, another 2.5G data-over-cel­
lular system has emerged from the 
labs and is currently in fie ld trials in 
several locations. The GPRS is an 
extension of the GSM system, and 
uses the same channe ls, same modu­
lation, and same network backbone 
as the existing GSM network. This 
makes deployment a re latively sim­
ple matter, at lease compared with 
the installation of a completely new 
infrastructure at every level. With 
GSM operators in 140 countries, 
GPRS offers the promise of a high­
speed data connection for users in 
most of the world. 

The mobile terminal 
The re are several classes of GPRS 
mobile terminal. T hey are classified 
by how many of the GSM slots arc 
used in each di rection - more sloes 
mean higher data speed. Curre ntl y, 
GPRS infrastructu re is operational 
in some networks, with comme rcial 
service planned for lace 2000. Sub­
scriber equipment will cake several 
forms, and wi ll be ready when the 
networks are ready. 

Today's GSM phone is, well, a 
phone. It handles circuit-switched 
voice traffic, and through the con­
nector on the bottom of the unic, it 
can also be used for circuit-switched 
data. However, new devices are 
emerging which can benefi t from 
non-voice wire less conneccivi ry, such 

TABLE 1: Comparison of GSM, IS-136, and EDGE Air Interface Specifications 

OSM 11-138 EDGE 
_Chan_nel _b11~dth 200 kHz 

Raw channel l)it "'tE! 270.833 kbps 48.6 kbps 812.5 kbps 

User bll rate 14.4 kbps 19.2 kbps canaJog Up to 384 kbps 

CDPD) 
R•• ------·-----

Modulation GMSK n/4 OQPSK 8-PSK 
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as PDA-cypc computing devices. 
Even a laptop computer can make 
use of a wire less modem card in a 
PC-card form factor, with no need 
for voice capabil ity ac all. s ing 
circuit-switched connections, data 
rates of 14.4 kbps are now available. 

lultislot operation in circuit-swi tched 
mode is possible, and allows higher 
data rates. This high-speed circuit­
switched data (HSCSD) mode will 
be offered by some operators, and 
allows data rates up co 57.6 kbps. It 
is likely to be more expensive than 
GPRS service. 

GPRS terminals, or mobile sta­
tions, fa ll into various phases, classes, 
and mulcislot classes, documented 
in GSM 05.02, Annex B. Annex R 
is shown in Table 2 in its e ntirety. 
There are two phases of GPRS. A 
Phase 1 GPRS terminal operates in a 
point-to-point mode. Phase 2 allows 
point-co-multipoint operation. Since 
Phase 2 requires additional changes 
ac the ne twork lcvd , it will probably 
lag behind Phase I in deployment. 
See Figure l for a diagram of the 
mobile station.1 

lable definitions 
For HSCSO, only mul tislot classes 1 
through 18 are recognized. A mobile 
station with a highe r mulcislot class 
number wil l indicate a suitable mul­
cisloc class less than 19 for HSCSD 
applications (sec GS I 04.08). The 
following is a list of definitions for 
Table 2. 

• Rx: Rx describes the maximum 
number of receive time sloes (TS) 
that the mobile stat ion can use 
per T DMA frame. T he mobi le 
station must be ab le to support all 
integer values of receive TS from 
0 co Rx (de pe nding on the ser­
vices supported by the mobile sta­
tion). The receive TS need not be 
contiguous. For type l mobile sta­
tions, che receive TS shall be allo­
cated within window of size Rx, 
and no transmit TS sha ll occur 
between receive TS with in a 
TOMA frame. 

• Tx: T x describes the maximum 
number of cran mit TS chat the 
mobile station can use per TOMA 
frame. The mo~ile srnrion muse be 
able to support all integer values of 
transmit TS from O co Tx (depend­
ing on the services supported by 
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FIGURE 1: Block diagram of a typical GSM mobile station 

TABLE 2: GPRS Multislot Classes.1 

Multislot class Maximum number of &lot& 

Tx 

1 

2 

1 

sum 

3 

3 

4 
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3 

3 

3 

Minimum number of slots 

Tlb T,. T,. 

2 4 2 

3 

3 

1 

1 

1 

lype 

C) 1 

C) 1 

2 c) 1 

- ~--~)__ 1 
2 c) 1 

2 c) 1 

-

the mobile station). The transmit 
TS need noc be contiguous. For 
type 1 mobile stations, the transmit 
TS shall be allocated within win­
dow of size Tx, and no receive TS 
shall occur between transmit TS 
within a TOMA frame. 

• Sum: Sum is the cotal number of 
uplink and downlink TS that can 
actually be used by the mobi le sta­
tion per TOMA frame. The mobile 
station must be able to support all 
combinations of integer va lues of 
Rx and T x TS where 1 <= Rx + Tx 
<= Sum (depending on the services 
supported by the mobile station). 
Sum is not applicable to all classes. 

• 1~n: T,. relates to the time needed 
for the mobi le station co perform 
adjacent cell signal level measure­
ment and co get ready to transmit. 
For type 1 mobile stations, it is che 
minimum number of TS chat will 
be allowed between che end of the 
previous transmit or receive TS 
and the next transmit TS when a 
measurement is to be performed 
between. In practice, the minimum 
time allowed may be reduced by 
amount of timing advance. For 
type 2 mobi le stations, it is not 
applicable. For circuit switched 
mulcislot configurations as defined 
in subclause 6.4.2.1, T,2 is not 
applicable. 

• T,1r· T,b relates co che cime needed 
for che mobile station to gee ready 
co transmit. T his minimum re­
quirement will only be used when 
adjacent cell power measurements 
are not requi red hy t he service 
selected. For type 1 mobi le sta­
tions, it is the mi nimum number 
of TS that will be allowed be­
tween the e nd of the last previous 
receive T S and the immediately 
following transmit TS, or between 
the previous transmit TS and the 
next transmit TS when the fre­
quency is changed in between. 
In practice, the minimum time 
allowed may be reduced by the 
amount of the timing advance. 
For Type 2 mobile station, it is 
the minimum number of cime sloes 
that will be allowed between the 
end of the last transmit burst in 
a TDMA frame and the first trans­
mit burst in the next TOMA 
frame. 

• T,.0 : T,. relates ro the time neerled 
for the mobile station co perform 
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adjacent-cell signal-level measure­
ment and co get ready to receive. 
For tyj)e 1 mobile stations, it is the 
minimum number of TS that will 
be allowed between the previous 
transmit/receive TS and the next 
receive TS when measurement is 
co be performed between. For type 
2 mobile stations, it is the mini­
mum number of timeslots that will 
be allowed between the end of the 
lase receive burs t in a TDMA frame 
and the fi rst receive burst in the 
next TDMA frame. 

• T rl,: T,b relates ro the time needed 
for the mobile station to gee ready 
to receive. T his minimum require­
ment will only be used when adja­
cent cell power measurements are 
not required by the service select­
ed. For type l mobile stations, it is 
the minimum number of timeslots 
that wi ll be allowed between the 
previous transmit TS and the next 
receive TS, or between the previ­
ous receive TS and the next re­
ceive T S when the freq uency is 
changed in between. For type 2 
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mobile stations, it is the minimum 
number of timeslots that will be 
allowed between the end of the last 
receive burst in a TOM/\ frame 
and the fi rst receive burst in the 
next TDMA frame. 

GPRS terminal classes 
There are three classes of GPRS ter­
minals. A Class C terminal can oper­
ate in either circuit-switched or pack­
et-switched mode, but the mode is 
manually selected. A Class B termi­
nal can operate in circuit-switched 
mode and be in GPRS idle mode at 
the same time. When a GPRS termi­
nal is in id le mode, it can make its 
presence known ro the network. If 
the network wishes to send data ro 
the terminal (or the terminal wishes 
co send data co the network), it must 
then switch co the standby state 
and then co the ready state, du ring 
which it can t ransfer data. A Class 
B terminal must be able to rewrn 
co circuit-switched mode quickly. 
Class A terminals are capable of fu ll , 
simultaneous operation in circuit­
switched and packet modes. Most 
manufacturers are tending towards 
development of Class B and C 
equipment at chis time. 

The mul t islot classes are more 
complicated to explain - the re arc 
29 of them. Fi rst, recall chat GSM 
operation d ivides time into eight 
TS. This slot strucwre enables 
TDMA operation. ormal voice 
calls use three s lots: one for the 
mobile-co-base transmission (for­
ward link), one for the base-to­
mobile transmission (reverse link), 
and one for the monitor slot (when 
the mobile device can monicor 
neighboring cells). Thus, several 
users can use the same radio chan­
nel, each transmitting during a dif­
ferent time sloe than the others. 
T he mobile station never transmits 
and receives at the same time. In 
contrast to analog systems, the IS-
95 CDMA system and several pro­
posed 3G systems are full-duµlc.:x 
systems that use frequency division 
du plex (FDD) technology. 

The 29 GPRS multisloc 
classes arc differen tiated on the 
number of transmit sloes and 
receive sloes used . .Classes 13 
through 18 are denoted as type 2, 
and are special, since they are 
based on the assumption that the 
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