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A Look at GPRY

While we wait for 3G to emerge,
another 2.5G data-over-cellular
system has cmerged 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

here is often a long
lag time between the
settlement of a new
communication proto-
col or standard and
the availability of chips with which
to implement that standard. General
Packet Radio Service (GPRS) is a
welcome exception to that rule.
Enabling wireless users to gain net-

work access at speeds over 100 kbps,

GPRS takes advantage of advances
in cellular chipsers and the existing
GSM network infrastructure.
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The GSM digital cellular stan-
dard is well-entrenched in most of
the world. Industry analysts predict
that over half the cellular phones
sold in the world in 2000 will be
GSM, with the remainder divided
among 1S-95 code division multiple
access (CDMA), IS-136 time divi-
sion multiple access (TDMA), per-
sonal digital cellular (PDC) (in
Japan only), and analog systems
such as the AMPS system used in
the US. Network operators in most
of the world use the original GSM
spectrum allocation at 900 MHz.
Additional spectrum at 1,800 MHz is
used for the GSM derivative called

il

DCS-1800, and this band is used
in many countries. Some countrics
with cellular allocations at 450
MHz may begin deploying GSM
in that band as well to replace old
analog networks. In many areas of
the Unired States, there are GSM
systems operating in the 1,900-
MHz PCS frequency band.
Considering the many options
available, dual-band GSM phones
are quite commonplace now. A
few tri-band (900/1,800/1.900
MHz) phones are also available,
allowing a GSM subscriber to use
the same phone almost anvwhere
in the world.

Circuit-switched voice calls are
still the most commonly used ser-
vices in cellular systems. However,
mobile users are beginning to turn
to the cellular networks for wireless
data and Internet access. There are
two basic modes of dara access over
a wireless nerwork: circuit switched
and packet switched. A rypical
example of circuit-switched access
is the user who plugs a modem into
a connector on a cellular phone
instead of a wired phone jack, and
dials the phone number of cthe ISP
or network access point. ‘T'he con-
nection is a dedicated connection,
and the user is billed, using the
same method as that used for a
voice call, by the minutes of usage.
A nctwork operator cannot use that
channel for any other user while
this user is connected.
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Packet switching makes use of
data’s bursty nature, Data streams
are broken up into packets, each
packet is then quickly routed to its
destination over a shared medium.
An early example of this technolo-
gy on a cellular nerwork is the cel-
lular digital packet data (CDPD)
protocol. This system, operated
over the AMPS network in the US,
provides up to 19.2 kbps of raw
data speed over the AMPS net-
work. Each user time-shares chan-
nels with other users, allowing the
operator to sell the same channel to
other users. Billing is done on a
cents-per-packet basis, indepen-
dent of the time spent online.

2G to 3G
Second-generation (digital) cellular
networks such as GSM, 1S-95
CDMA, I8-136 TDMA, and PDC
would seem to have a natural
advantage in transmitting data due
to their digital nature. However,
since these networks were original-
ly developed to provide increased
capacity and features for voice traf-
fic, data services were not a high
priority. Now, however, as the
Internet becomes more and more
ubiquitous as a medium, access
(preferably at recasonable speeds) to
that medium has become necessary.
See Table 1 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 least V.90
dial-up speeds (56 kbps maximum),
and many are now using ADSL or
cable modem connections to get
even higher rates. The evolution
of the wireless network to provide
data rates in the same range is
being accomplished in two stages,
which are often referred to as
“2:5G” and *3G.”

3G services will offer data
rates that rival the best wired da-
ta rates now available to the con-
sumer. Speeds up ro 2 Mbps
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 rates are sufficient to
allow fast Web surfing and streaming
video feeds with modest resolution.

The regulatory bodies have
been struggling to gain consensus
on the 3G system for several years,
with an agreement on the air inter-
face only reached in late 1999.
Disputes and disagreement over
the optimum technology and intel-
lectual property ownership have
considerably slowed the process.
Even now, the compromise agree-
ment on the radio standards shows
several different and incompatible
air interfaces. It remains for the
network operators and infrastruc-
ture manufacturers to make choices
and begin developing plans for true
3G rollout.

The so-called “2.5G” systems
represent an intermediate upgrade in
data rates available to mobile users.
There are several of them, and while
there is no clear consensus of what
constitutes 2.5G, a few systems cer-
tainly qualify.

Enhanced Data for GSM
Evolution (EDGE) is a representative
2.5G system. It uses the GSM or IS-
136 network backbone, and allows
darta rates up to 384 kbps. This is
accomplished by switching to a differ-
ent modulation scheme than either
1S-136 or GSM currently uses, to get
a higher number of bits per transmit-
ted symbol. In the case of use on 18-
136 networks, EDGE requires a
wider channel than the 30 kHz
presently used.

EDGE will be deployed by net-
work operators in some GSM coun-
tries and also in the US by 1S-136 and
GSM operators. As of yet, there is no
specific date set for the deployment.

The 1S-95 (also known as
edmaOne) system includes an evo-
lutionary path to 3G. The first step,
known as “1xRTT.” is a straightfor-
ward upgrade o edmaOne using

the same channels and modulation
system, but using modified digiral
processing. It allows data rates up
to 144 kbps, and is being tested in
several locations as of this article’s
preparation. The 3G extension,
known as 3xRTT, will allow higher
dara rates by using three combined
CDMA radio channels. When it is
fully implemented, the 3xRTT ver-
sion (also known as cdmaZ000) will
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 field trials in
several locations. The GPRS is an
extension of the GSM system, and
uses the same channels, same modu-
lation, and same network backbone
as the existing GSM network. This
makes deployment a relatively sim-
ple matrer, at least 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

There are several classes of GPRS
mobile terminal. They are classified
by how many of the GSM slots are
used in each direction — more slots
mean higher data speed. Currently,
GPRS infrastructure is operational
in some networks, with commercial
service planned for late 2000. Sub-
scriber equipment will take several
forms, and will 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 unig, it
can also be used for circuit-switched
data. However, new devices are
emerging which can benefit from
non-voice wireless connectivity, such

Comparison of GSM, 1S-136, and EDGE Air Interface Specifications
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as PDA-type computing devices.
Even a laptop computer can make
use of a wireless modem card in a
PC-card form factor, with no need
for voice capability at all. Using
circuit-switched connections, data
rates of 14.4 kbps are now available.
Multislot operation in circuit-switched
mode is possible, and allows higher
darta rates. This high-speed circuit-
switched data (HSCSD) mode will

be offered by some operators, and
allows data rates up to 57.6 kbps. It

is likely to be more expensive than
GPRS service.

GPRS terminals, or mobile sta-
tions, fall into various phascs, classcs,
and multislot classes, documented
in GSM 05.02, Annex B. Annex B
is shown in Table 2 in its entirety.
There are two phases of GPRS. A
Phase 1 GPRS terminal operates in a
point-to-point mode. Phase 2 allows
point-to-multipoint operation. Since
Phase 2 requires additional changes
at the network level, it will probably
lag behind Phase 1 in deployment.
See Figure 1 for a diagram of the
mobile station.’

Table definitions

For HSCSD, only multislot classes 1
through 18 are recognized. A mobile
station with a higher multslot class
number will indicate a suitable mul-
tislot class less than 19 for HSCSD
applications (sce GSM 04.08). The
following is a list of definitions for
Table 2.

® Rx: Rx describes the maximum
number of receive time slots ('T'S)
that the mobile station can use
per TDMA frame. The mobile
station must be able to support all
integer values of receive TS from
0 to Rx (depending on the ser-
vices supported by the mobile sta-
tion). The receive TS need not be
contiguous. For type 1 mobile sta-
tions, the receive TS shall be allo-
cated within window of size Rx,
and no transmit T'S shall occur
between receive TS within a
TDMA frame.

e 7x: T'x describes the maximum
number of transmit TS that the
mobile station can use per TDMA
frame. The mobile sration must be
able to support all intcger values of
transmit T'S from 0 to T'x (depend-
ing on the services supported by
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the mobile station). The transmit
TS need not be contiguous. For
type 1 mobile stations, the transmic
TS shall be allocated within win-
dow of size Tx, and no receive TS
shall occur berween transmitc 'I'S
within a TDMA frame.

e Sym: Sum is the total number of
uplink and downlink T'S that can
Basehand actually be used by the mobile sta-

I/Q, A/D, D/A : tion per TDMA frame. The mobile

: station must be able to support all
combinations of integer values of
Rx and Tx TS where 1 <= Rx + Tx
<= Sum (depending on the services
supported by the mobile station).
Sum is not applicable to all classes.

e 7,.: T, relates to the time needed
for the mobile station to perform

FIGURE ! adjacent cell signal level measure-
ment and to get ready to transmit.
For type 1 mobile stations, it is the
minimum number of TS that will
be allowed between the 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 mobile stations, it is not
applicable. For circuit switched
multislot configurations as defined
in subclause 6.4.2.1, T, is not
applicable.

- Ty, relates to the time needed
for the mobile station to get ready
to transmit. This minimum re-
quirement will only be used when
adjacent cell power measurements
are not required by the service
selected. For type 1 mobile sta-
tions, it is the minimum number
of TS that will be allowed be-
tween the end of the last previous
receive TS and the immediately
following transmit 'T'S, or between
the previous rransmit TS and the
next transmit 'T'S 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 time slots
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 TDMA
frame.

o 7'.: T, relates to the rime needed

ra
for the mobile station to perform

memory

Voiceband
codec
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e T ,: T, relates to the time nceded
for the mobile station to get ready
to receive. This minimum require-
ment will only be used when adja-
cent cell power measurements are
not required by the service select-
ed. For type 1 mobile stations, it is
the minimum number of timeslots
that will be allowed between the
previous transmit T'S and the next
receive T'S, or between the previ-
ous receive TS and the next re-
ceive TS when the frequency is
changed in between. For type 2

adjacent-cell signal-level measure-
ment and to get ready to receive.
For type 1 mobile stations, it is the
minimum number of T'S that will
be allowed between the previous
transmit/receive ['S and the next
receive TS when measurement is
to 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
last receive burst in a TDMA frame
and the first receive burst in the
next TDMA frame.
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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 TDMA frame
and the first 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 selecred. 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 idle mode, it can make its
presence known to the network. If
the network wishes to send data to
the terminal (or the terminal wishes
to send data to the network), it must
then switch to the standby state
and then to the ready state, during
which it can transfer data. A Class
B terminal must be able to return
to circuit-switched mode quickly.
Class A terminals are capable of full,
simultaneous operation in circuit-
switched and packet modes. Most
manufacturers are tending towards
development of Class B and C
equipment at this time.

The mulrtislot classes are more
complicated to explain — there are
29 of them. First, recall that GSM
operation divides time into eight
T'S. This slot structure enables
TDMA operation. Normal voice
calls use three slots: one for the
mobile-to-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 monitor
neighboring cells). Thus, several
users can use the same radio chan-
nel, each transmitting during a dif-
ferent time slot than the others.
The mobile station never transmits
and receives at the same time. In
contrast to analog systems, the 1S-
95 CDMA system and several pro-
posed 3G systems are full-duplex
systems that use frequency division
duplex (FDD) technology.

The 29 GPRS multislot
classes are differentiated on the
number of transmit slots and
receive slots 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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