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GSM baseband processors for digital mobile

) PCF5081/PCF5082
cellular radio

GSM Baseband Signal processors

The PCF5081 and the PCF5082 arc
intagral parts of the complete chip-set
provided by FPhilips  for  the
pan-Europgan digital mokile cellular
telephone system. The PCF5081 and
PCF3082 ara key slaments for GSM,
each performing all the baseband
signal processing tasks. Because of
thair  high-leval of architectural
modularity, these processors can aasily
be adapted to market reguirements in
respect to both hardware and sofbware.

The PCF5081 (with ROM) is intended
for use in GSM handssts, the PCFS082
{ACM-less) for  implementation in the
base siation. These processors are
also considered as the first devices of
an enlire product line inlroducsd as
PCFSM8x. This tamily provides
powerlul compulational capablliies
which supporls the highly sophisticated
baseband signal processing required
by GSM.
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The diflerent tasks performed in 1he This padtitioning belween soltware
baseband signal path of ths and hardware for the dilterent
GSM-systam are cgarried out by pracessing  tasks has been
means of soltware partitioned implemented as & lrade-ocll belween
program  modules in the signal dadicated hardware and soffware to
processar,  This implementation s provide fast execulion with an
supported by Application Speclic optimal level of Resxikility.
Hardware {ASH) to speed up
execution and gverall performance.
Main Feaiures:
0 16-Bit fixed polnt double O Asynchronous sorial YO -X-
precizlon architgciure
L] 40MHz mastar ciock O Sophisticated seriat VO Y- supporting
20MMHz Internal clock {(50nE [nsir.oycls) both asynchronous and Synchronous
U Fully pre-programmed madules for communicatlon {ie. GCI, PCM highway
G51 baseband jagks.* B}
1 Dedicated processor optimizad for; O B-Bit parallel systam conltoller

Intarface supparling both request and

- Equatization funellan acknowledge driven cominunication.

= Channel Coder/Decodar

- Encryptien/Decryption [0 Beundary scan lacility
O Power-down mode with wake-up facilily O Bullid-in self tesl {BIST)
O Several lavels of Intsrrupis O Seli-dllgned-Conlasts CMOS (SACMOS)

1 Evant counter lachnalogy with very hlgh design densiiy

O External memory Interlaces for both
dada and pragraim memory **

B Boot-strap facility* *

* o PCFSOB1 only
** on PCFS0BZ only
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Signal Description

Unemeonic Typa

Funciion

Mnemonlc Type

Funclion

GLEI

CLWC

CLELHIT

ECLK

Ha[1:0]

FACKn

HGEn

HDT )

FIRCn

H™AR

WAGKA [2:1]

IRarg 1}

ICH4:1]

ASTn
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Slgnal Description
Mremeonic Type Function Mnemonic Type Function
MA[15:0 1 a- Craca address byc far adcrassing o PONIS 0] " B Diaie buB bar aoemal @Rsgram mamary,
1 Bk 1B b, 15 b wadd
mopsa B Bldiraciicnal 16 b dala bus  |FDsn T O° Dala Blroka ERAE far erianal pragram
canneciicn ip Qutarnal data ) mamary. Acilve Hw.
1 +
rarnoey FWHn o Write gzl far setarnal program mamedg-
wnsn M a° Cang $iredss aagnal lar axmarnal dala ry. Aclsog e, When low, dara is wrklen.
mMAMBry Aok [aw. . Wi'heam fugh . clala b orasd.
1 + .
WA o Wil signal 16T axmrnal data madeary. | FI¥0 o Cutpu tiggnad 16 suppan mmulatan Achve
Acthee . WIEI K, D18 it wa. b,
Wihan high, daes |5 raed.
" ar Addees bus dor geternal program — -
mamory adiress uptg G K 16 *: 3-5tala during = Cipan I:Ira!n gl
lcalinn. 2 Ouiput signal : Cipan drain culpul and
I': Ingt signal 1-4rala dueing resal.
) B : Bidirechanal signal.
11 : PCFSGEE anly.
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Application of the PCF5081

This PCF50B1 is designed to be used in T allow Hexible use of the dilferent
the GS5M mobile slation. All the pre-pregrammed modules, the
nacessary baseband signal processng  sequence of the baseband tasks is
algorithms  specilied by the defined by the system conlroller by
GSM-recommendalicns periaining io  means ol a circular lasks buffer. As
the mobile stalion can be parformed by soon as no task is left, the baseband
means of this singla chip. processor enters a power-down moda
G runimizg current consomption.

The PCFS5081 has on-chip memory
(ROM} containing program modules for
the differant tasks implementgd in
firmware, A suitable amount of
data-RAM/ROM is provided on-chip.

: = —— =" 1
- i NSevial . Siﬁ"“' - *—: l
out
a | Handsel
o FIF Bageband | |
0 Interface — [
frontend PCFS0E Seiial ., I
— LS P i
AF in in
e
Ersleﬂ; General 'l System- |
oniroller  Purpose chack & I
marface b0 canies . Gonirofler
I f,
BL
control gighals
_ ]
control bus

Typical application of the PCDS0E] in a GSM-Mobile Station
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The main lasks 1 be performed by the
bassband processor are the followng:

- Equalbzation

- Channe! encoder/dacoder

- Speech encoder/decoder

- Encryption/D atryption

- Initial synchranization and monitoring
ol adjacent base station.

The architgctureg of the PCFS81 base-
band processor was not designed tor a
single task wilhin the baseband signal
processing (eg. spesch encodsrd
decader), but rather to oplimally
accomplish  all the necessary
processing tasks, Special allentian
was placed on the egualization
funclion where viterbs algarithm {MLSE
recaiver) and solt decision oulput code
{4 bit coding) contribute to an ocplimal
receivar glgcrithm in contribution with
the channel decoder,

To be able to face up to the most
severe conditions (hilly envirenment} a
6T algorithm is in preparation.
Moreaver, the equalization coefficients
are continually wpdated during a burst
o aflow use of the mobile radio n
vehicules travelling at very high speed,
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The channel coderidecader is capable
of handling the speech Traftic Channe!
{TCH}, tha Fasl and Ilhe Slow
Associated Conlrel Channe! [FACCH
and SACCH), the Random Access
Channel {RACH) the Broadcast
Caontrgl Channal (BLCH), the Paging
Channel [PCH} the Access Grand
Channel (AGCH), the synchronizalion
Channel {SCH) and data transfer at all
rates aceording o GSM Rec. 5.03.

Tha channel decoder s parlaormed by
viterbi algorithm based on soft decision
gqualzar cuput and by uss of large
path memory (Up to 32 bits) for the
MLSE algorithm,

The speech encoderdecader function
includes vaice activity deteclion,
discontingus transmission as well as
comfor noise ingertion and generation.
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The user-dataflow lakes place via
the serial interlaces X and ¥. The
X-interfaca looks in Lhe diraction ol
Ihe frontend 1o tha basehand
intertace {e.g. th& Philips PCDEO71)
and the Y-inferface is connecled to
the handset of the mgobila,

The control-dalallow is transmitted
via the system controller inlerface,
the general purgose VO ping, and
other 10 available as part of the
processor's periphery. The control
data and signals are normally
provided by 1he system conlrollar of
the rnobile,

The archilecture of the PCFEOE1
can be split into lwo major sacticns,
The processor corg consists of all
the arilhmetic unitz necessary to
carry out Ihe caloulalions as well ae
2CCeRs memarigs containing data
and pragram inlermalion. The
application specific hardware is also
parl of Ih& corg. The periphery
consists ol all the necassary
interfaces as well as the interrupt
and powardown/wake-up facilitias.

Intarnal data between these lwo
sections 15 exchanged via a global
data bus.

PER!PHERY

GSM Applicalion Specilic Hardwars (ASH)

INTERRLPT
POWERDGOWN
| WAKE UP

Glbal

<

Data By

SERIAL L'CHX

SERIAL 'O Y

HOST INTERFACE

SIGNAL PROCESS0OR CORE

JTAG

GEM Application programs

Blockdiagram of the PCF5081
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PCF5081/PCF5082

Application of the PCF5082

This version is targetted for usg in GSM
base stalion systams (B55) as well as
far real-lime emulation purposes during
soltware development

debuging.
BOM

Tha PCFS0B2 contains 1k x 16 bits
or program-ROM vsed for Built-in
Self Tests {BIST), boot-strap and

and amulation foutines. External
program memery {ROM/RAM) up
te ©3k x 16 bits can be connected
to run applicatin programs.

A5 the baseband processing within a
base station requires a carfain degres
of flexibility, the PCFS082 can externally
address memory dedicated for the
application pragram and user data,

I I
Q=
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|
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|
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[
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T |
i [PCFs0s2 | r*-——-1 |
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| | Owa Prngﬂ I | e ——
,h: Mae e oy L 1 = ”_?nﬂﬁt
| b : W LI}
M P ! || o |
5 W i || | Mbs
£ _ | PCFa082 | T : |
Sarial Senal ., | o — § b |
oul 0 = I
n I |
. |
Siesisd Serial . L =
in ot '*——"ll | system- 1
Howl  gen gitp  clock & | P Kontroller |
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Posslbla application of the

PCF5052 in a GSM-Base Taranceiver Slation (BTS)
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RAM

To keep tha qverall syslem cosls
low, 2k x 16 bils of on-chip data
RAM is provided, This range can
be exlanded by exiernal devices
(RAM/ROM) up to the maximum
valug of G4kx16 bits of data
memory,

QTHERS

In the switching cantre (M5C) the
data streams of aach of the elghl
channals are merged lo a
FCM-highway data-stream {2Mb/2)
via & multiplexer {MUX} and vice
varsa via the BTS link interface
{BL1}. The serial interlaces Y of
aach of Ihe processors are used
far this datka llow, In the lrontend of
tha radio terminal (AT}, each
channel can be connecled to a
common  baseband interface
FCDEOTO via a muliplexer {MUX)
and a damultiplexer [DEMLIX],
respeclively. The sernial interfaces
X ol sach of the processars arg
used for this dats flow,

Extarnal memories containing
user-data and application
pragrams are connecied. As in lhe
FCF5081, the same interfaces are
usad 1lor control-data  and
control-slgnal flow.

September 1993
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The architecture of both the PCFS0&1
and lhe PCFS5DB2 can be split into
two seclions: procassor core and the
periphery. The PCFS0EZ processor
core coptains on-chip boot-strap
facility. no user-program-memorny and
its periphery has additional memary
interfaces to connecl exlernal
memories for bolh useér-data and
applicatlan programs,

These are the mzin differences
belween both the PCFE021 and the
PCFS022,

The boot-strap lacility 15 an addiliona|
funclicnalily of the PCFE082 allowing
for convenient downloading of
applicatian programs to the external
program memory (BAM} under the
control of a hasl. Several sources lar
such a download can be selectied by
the user,

Due to the fact that application
programs are skored or downfoaded
into exlernal program memory, a
large degres ol lexibility is offered to
ihe base station syslem designer.

Strmilar to the PCFS0&1 |, the PCFS082
conlalng  application specilic
hardware 1o speed up the axecution
ol the baszeband signal processing
algoeithms.

PCF5081/PCF5082
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There are several parlitionings
possible with respect to theg
diffsrent 1asks which have to be
performed. For instance, the
baseband processing ¢an ba done
by separating receiver and
transmilter functions and using
pne POFS082 for mulliple
fima-slots {(channels) within a
TOMA-frame. Altarnatively, the
receiver and transmitter functions
can ba kepl togethar and one
FCFS082 used for processing
both directions simultanecusly,

In a iypical application the
PLFE082 13 used for the basahand
signal  progcessing  in 3
radio-lerminal {RT) of 2 G5M Base
Transcaiver Station {BTS). Since
the RT musl serve all sight
time-slats (channels} within a
TOMA-frame, eight separzle
baseband signal-paths have to be
us&d in parallel.

Host Interflace

JTAG

r—-—-r————~"F"™>"="=—""7>""~>"~>""™""™"™"™"=—+~ I
BERIPHERY l
— | lgnal M
Interrupl ] | Buncassor Appiicstion
Power Down | pecifle
Wake U I : Hardware
[
Serial [lOX | .'
e —————
Senal /OY

Addrass
Compul,
Uni

Mamgory

Intedacs

T O e o — — T e — — — —— — ———

EBlock diagram of the PCF5082
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/O-Port Descriptions

Paraitel Host Intarface

The parallel port provides an B-bit Curing wrile gperalions, data is shidted

bidirectional link to a hosl or olher gaTially inte am input shift registar. Ater

axtarnal device, It is designed as a terminatlon ol the shift operation the

passive par, i.g. the axlernal device conlenls of the shill register is loaded in

has 10 be agtive in grder 10 access the paralll into &n Input bufler ragister. This

ragistars ol the porl. The allows 1of a gonlingus data slream

Lommunicalion takes place via 16-hbit trensmission, A llag is generaied

wide ' ragislers with the aid of indicaung the Input bufter regesier s ull.

savaral control signals. The upper The input port has a fully asynchronous

and lower Bylexs ¢f thesa registars can handshake capatulity.

bo actessed independeantly.
During read aperaticn data is serally

Two flags sré generalad [input shifted cul of an outpul shitlt cegistar. Aler
regisler full, outpul reqister amply) tarmination af the shift cperation the
supparting eflicany HO-handling. oulput shift ragistar 15 reloadaed by an
Whathar it is the high byle or tha low oulpul bafler reglster.  Ouring a write
byte which generales tha llag sethng oparalion it allows for a cantincus dala
is programmable. stream transmssion and aulcnomaus

operatian. A 1lag s ganaraied indicating
By providing sevaral control sigrals to Ihe gutput butler reqesier s emply. The
the axlarnal gantralling device, 1his outpul port has a ully asyncheanaos
parallel interfaca is vary llaxibla and hanashake capatady.

suppons requasi-driven as well as
acknowledga-driven communications.

The seleclion is dona by (he extarnal tial Interface ¥

davice by means ol 3 slalus ragister,

This reqister i sxclusively dedicated The gacend Serial interfaca ¥ covers the
10 the external device and can be samg lunctionality as the sarial inlarface
tead or whitten. X. In addition, the sarigl imerface ¥ meeals

several synchronouws ‘ransfar protocols
such as POM-Highway or General

serfgl injarjacy X Cammunication Intarface {SC1). Cantraol

registers are provided to seladt up 1o 16
This iz a bidirectional 16-bil sanal 1D dala wards in & frame Irom the synchro-
which aikpws for simulleneous data nous data stream. A collisloen delachicn
CoOmMmunication in bath direchions. unit supparls collisian deteclion on 1ha

gulput data straam. s possibla 10 2elec

September 1993 12
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ihe kits in a8 data word which are
congiderad for collson delaction, If a
collisicn oocurs, an amor 1lag will he set
whicch can be used for inlerrupt processing
altywing for afliclant armgr recoveny.

Genera) Purpose V'O plng

Four tidiractional general purposa |10 pins
arg provided as an additonal inferface (o
exlernal davices. The siala of (hése pins is
raflectad in 4 bits ol & contral regislar. A
write gperalion 1o this regleter cavses the
appropnalg wallas to appear as ouipul
sigrals on the related pins. Wilth a read
oparalicn the incoming signals can than be
recognized.

September 1993
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JTAG Injerface

The processors provide 8 standardized Lest
aceess pard which is fully compatitle with
the IEEE 11431 glandard, Each timea the
gommand NM| is provided 1o 1tha JTAG
interfece, & non-maskable inferrupt s
generatad and fed to the interrupt unit of
lhe progassor-core. A jump 1a @
non-maskabla intarrept zenvice routine will
lollow a% a reaclion, The intarace provides
twin IO registers 1o 1he exdemal contrelling
hosl. Theza regisier are alza fully
accessable by the procaszor ¢ors which
allews for dala exchange betwesn an
axlarmal davice grd an appticafion pragram,
I SEMYice routine.

Several commands to suppart lacting af 1he
device arg provided by the JTAG imerace,
necloding Bowndary- Scan.
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Peripheral Functions

Ecwer-down mode

This moda iz enlered by executing a
spagifi¢ instruction n the applicaton
program. i switchas (he processors inte &
dormant state where only a fraction of the
powar dissipation is neaded as comparad
wilh narmal operation mode, The imemal
clock is slopped and only soma
synchronization and clock regisiars arg
operaling,

Yiake-up mode

The powar-dtwn mode is terminalad if gn
O flag vogurs and the relaled waka-op
mode g enabled by Ihe applicatian
program.

inlerrupls

Thara are 13 ¢hterenl inlerupt sDUCEs pro-
vided by the processors:

1 nen-maskabie inlarrupt initialed by a
JTAG por instructlon.

2 gaternal internipts initiated by axternal
doviges.

& internal inlerrupts initigted by the
procassors PO devicas,
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1intemal intarupl [Ritiated by the
collision detectien wunit of tha =erisl
intarface Y,

2 internal imamypts inltigted by certain
concitions in 1ha anthmatic unit.

1imlerngl interrupl initiated by 1ha
avani-colniar.

1] nlar

A 1B-bit event counter is provedad as an
addillonal peripheral funclien. The
counter can be Ioaded by 1he applicalion
program and will be decramanied avary
riging edge of the extermal signal ECLK,
indicating an event tc the countar,

ECLK is synchignized to the interngl
processor clock and i limeted to half the
frequancy of this clock, Each weme the
counles detects @ zero value, a flag is
ganeraled which can be uzed as an
ictarropt saurce. The pounter will then
automatically be raloaded with the slan
value which is stored in & buller register
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