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(Digital Cordless Phone using Spread Spectrum Technology)

3

(AEBAATL 29753

o

Ox 30
I.A & I tAE Z=ge M87) 2 Blockd 23
I.9A & Z=gle #37) 732 2 44 Nz &
e o © DTD7F 1992d ¢ ¢ % A % (Personal
Communication Network : PCN) Aju]|AgE A|z}pgch
HA 3o (Spread Spectrum) AHE-E 93 o € AYe #IET oF, A FA HH|A(PCS)E
= FCCoOlA #7+8 bande 902-928 MHz, 2400- AMA L FHE BAK 7, AAHA AA F
24835 MHz, 5725-5850 MHz ISM(Industrial Science A71718] Ag-E PCSS F8T 54 F9f shuelrh
Medical)olth. & AFo)Al& 902-928 MHz ISM ol2gl® /i, AHHYA A FANNEN MR
band oA URAE ZEQE A7 Al2He FE& R Fo st FHAAME 0t e5E AlMT
HEIG D FAAs e Agd 2HEYHE 3= Analg FA
2i1e YA E Z=gv #317] Base-Set(BS)3} 2 71EES AMR3E oy, AgdE B4 Afds BE
78¢] Hand-Set(HS)E A Y75 § Feature & o] Analog FAA3 = 2 YoM F3Astn g
Capability, System Specification, A& Al&d ]ja}e) = UE VR HH ME 43 WEE 1w
< g1 A A4t 2z Bysty FAAr e ARe &
g gk ZF, =9 34 Analog FA4A3}
Abstract 719 ZwAQ) FRAM v Az FF FAE Al
This manuscript describes the high level system 71&A HAQax, v A4 2943 (Federal
design for the DCP system, The DCP HS and BS Communications Commission:FCC)¥ 198939 4t
transceivers are composed of five systems, including A, #F8H, A (ISM) HE(F, 902 ~ 928, 2400
the RF/IF unit, the Analog Front End(AFE), the ~ 24835 MHz, 5725 ~ 5850 MHz) & ZH3dle 2=
baseband modem, the voice codec and the micro- e AHMEY HR7|&2 ALLT AlAYES FtE
controller. In the following, the core transceiver 7] 918t Rules Part 158 743t}
architecture with the primary functions at these sub- o] /AL FAHAFe] 2HEY Eg Hide
system is described. FE% 718l FH% Rt

CDMA(Code Division Multiple Access)®] 718 7]
I.M 2 & £ZYs 2HEY HR/EL 74H oy
A BAES EFT H AEES 723U dHEL

g2l AZY (Department of Trade and Industry Batg £ dux Mg gRE AR gAE
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2oy A2HEY HE V¢S LY UXE FA
A 3}7) (Digital Cordless Phone : DCP)E& op =21
24 H37g 9453 HA5S AFE 5 ik 2

Tier PCSe] 712 7]%0] © 4 ¢t}
g THE OANE Z=gie Al 22 9
A 4 2 EEE =390

A

F29 Aed 339 FF dgHol2E e o] Y
AE FARYIIEL FH(Wireless) PBX A|&9E I.CXIE REQE ME7| X Y AA|
3 5 74 #8543 (Public Cordless Payphone) 2 # 1 fOxE Z=YE A7) Common Air
e Bl Az AZNALE = glen Low Interface & VERATH
Parameter DCP Specification
Access Fﬁ“A;bS—CDMA
Duplexing TDD
Modulation DQPSK
Spreading BPSK
Processing Gain 16(12dB)
Waveform Shape 35% roll-off RRC
Channel Spacing 1.024 MHz
Data Rate 95 Kbps
Frame Duration 8 ms
Power Control 80 dB dynamic range in HS TX
Diversity 2 Branch Antenna
Bearer Bit Rate 32 Kbps (ADPCM)
Signaling Bit Rates 0.5 Kbps USC: 1.0 Kbps CSC
Maximum Transmit Power 10 mlf average /100 mW peak
Maximum Mobility 2.5 m/sec or 9 km/hr
¥ 1. Common Air Interface
dA g Z=gle A7) A2d94 TDDe £ CSC Subframe BS$} «dzj7e] HSE7He] FHd)
A Azg g5y 98 AMgE(2E 1. 2Hzke BEd FAE A8 AL83l2, UC Subframed BS2}
TDD ZH YL F BFo HF SubframelZ F4E HSZHS i BA1S 8 Agdch
2
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I————m Transmission I [ HS Transmission

* NullBit % :GuardTimes
29 1 : TDD Structure
X g Z=gle AE7|9 HS/BS #5471 574 9139 HS/BS AlAd By rlojojzydoel 2@ 2 o
9] sub-systemE& FAEY (F, RF/IF unit, AFE, yvehgslch 714 3 B, ALEA QlEH ol
Baseband Modem, Voice Codec, Micro-Controller©} <8 AEEY gisiMg e
thHUAE Z=gle Asty) Alad 23d g o
Phone 5| Interface & al Voice/Data N BPU Al RFIIF "S
Terminal {° 7| Multiptexer | Processor [V ¥ Analog Unit
y X y K
A 4 A 4 4
HS A Application N Protocol & Control N Stand-By &
Panel [T 7| controller [¥ 7] Unit 1 sync. unit
(a) HS System
PSTN/MNetwork Voice/Data Baseband
Interface 4+—) P 4—){ Processing
nte interface rocessor Unit{BPU) RFAF
Speakerphone ) & ' i
Terminal
Anajog Unit
Data | Muitiplexer 4| VolceData | BPU R
Terminal |V V71 Processor |[' ' 4
BS | .| Application N Protocol & Control A] Stand-By &
Panet [T 7| Controller [T 7 Unit (PCU) 71 Sync. Unit

(b) BS System

292 N29 89 golojay
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RF/IF Unit AFE Baseband Modem Voice Codec
5 — —
44&@4—%«[ hldlgb': l DAC ~-’-£hs,,",3.d E:‘_:]“*[MJ
' N

Linear
e Code
YOX
RFAF Detect
Centrol [
1o l 1 j ) BN | [ESmrol‘E =
i 7 -—{ Freq Synth [_x}—o—{m Gen Logic
ADPCM
X 1§
y l J gi:{ - o Diff. De-
MOQD h ADC 1 ;lhi" *[&}" frame
LNA
SYNC] , clnct
{ ollc
__~Hi_~, . -
Micro-Controller & User |~
Protocol El’ll Interface| + -
MICRO-CONTROLLER __.[E;‘"a_m

[ = 2

1¥ 3 : HS Core Architecture Design

RF/IF Unit AFE Baseband Modem Voice Codec

R
e

il 7@ | [oin
] pac H)(J"Sprud_}'
—

»
)

i

&

Dify }4~—@L Linear
F Ene N Code

) VOX
1 RFIF [T~ Detect
] . |___]Centrol

- e [Contrel|} =
Freq Synth || x }— t Loglc 3]

-

ADPCM

I

I J=

e glnc ’IPr:mo I
JlLinePhone
%A " linterface ¥
Micro-Controltar & T User
Protocol Engine 1 Interface[*] ]
MICRO-CONTROLLER __.ﬁirm_]
emory

()
it

@9 g

2% 4 : BS Core Architecture Design
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HS core 7= YARIL 2§ 3o vet glen,
329 3& 7 75l e Ju8e TR 434 2 3
Ao] W3 R7FA] implementation attribute®-& R
2t 2% 4¥ BS 7XE Jeld Aot o¥ F
Tz S2F zeo|HL BSE ¢HUE ©E s
A AMEF o ZH T sets®] RF/IF paths(TX and
RX) AFEE zte wdel, HSe %49
switchable ¢tHHIUE Al gozd @A & setd
RF/IF pathsE Zte=te Holdh BE HS and/or B
E] line2 A Y3t BSw UHHo): HEo] o 3
A JF ool (29 29 QEsol: ¢ HWEE
A7 FAIHY lt}), zhzhe]l HSe) st EA9
ol e Rz & EAME 8738HA o

ol
=

RF/IF unit& carrier-to-baseband signal conversion,
out-of-band interference rejection, Baseband signal
waveform shaping, (AGC ¢ AYAAE £3H) 5
Al ANEZE frequency synthesis, STEIL A% 59
71%E& FY{t

AFE¥ RF/IF unit?# baseband modemA}o]sj
baseband D/A 2 A/D signal conversion& A&},
3% associated anti-aliasing 2 reconstruction filtering
= AFdot

Baseband modem &4t AHEY W/2FX 3%
2 %713}, decision combining, TDD framing and
buffering ¥ o8 AAY IHFFY 715E ATt
=8 aA'd Y8, RF/IF unit control ¥ wlola 2
HEEY YHHoldx A FEh Baseband modem
£ high-speed real-time signal processing& %°] A%
7] W) &, custom ASIC implementationg& j9$ic},

Voice codec2 8kHz audio codec (sampling and
32Kbps-ADPCM coder, VOX
processing ¥ fading channel enhancements@& |3 &
t. ¥ audio codec?} ADPCM9lE commercial
componentE°] ALAAE VOX ¢2dEH fading
channel enhancements& H#A e ol FFH A
o] glo] ASIC & A 7149 custom circuit&g At
£33l FYrtedich, B 7 7tEAE e WA E)
oL oM AEE Aot wle]laE HEFE A
2 Ao 7%, ZREE engine ¥ AMEA} Q1E]H 0]
29} authenticationg E{dte $E7IFEE YT

reconstruction),

Al 2% Ao} 7]% & RF/IF unit, baseband modem,
LA Fdo tF ET AF AojE X o] 7]

(283)

5E& power-on reset, power saving operations, out-
of-range alert, PN code and frequency management,
audio mute, RF power on/off, forward-link power
conntrol ¥ device-special audio codec?] 5 EE ¥ 3
1=

Z2EE AA& CSC, USC, UBC statemachine, A}
2% Azl 9 AR HY7E S8t

A1g2 Qe # o]l& ¥ keypad/disply/speaker/DTMF
control, hook on/off, line controlS& F8) §t}.

&Mty AREA} security control ¥ compatability
negotiation & %3 &t}

I.CX|E ZEQ = &37| 2t Blocks &t

1. RF/IF Unit

RF/IF Unit& T&3 22 8488 FAHEH(2
5 A2 & /Q ¥Ry, IF vgu A7, oy
%23 "HE(BPF), TX path IF programable gain
stage(PGS), RF #3%4 @4 7], Up-conversion mixer,
TX path RF programable attenuator stage, TX
power amplifier(PA), RF 44 28] e} 249
A, ¢EY set, AFE FF7](LNA), RX path RF
programable attenuator stage, Down-conversion mixer,
RX IF BPF, RX path IF programable amplifier, IF
waveform shaping fiter ¥ I/Q ¥XZJ/|2 FAd"
T3 2g59)E anti-aliasing ¥E 9} re-construction
YEE & baseband AFE7} Slth

BS tlalele 271¢] RF/IF pathell Zvz}d shve] ¢t
HUE zte AL Adsize 29 594 22 HS
ozl ¥lseditt, 2 5 YF 2 ¥ Ux¥
AE2 L2 A8 900MHz - 2GHz gl 7w
Ho] & A 715 E RF/IF X328 A3 ¢4
g Zolt), olE FANZe /EAHoZ I/Q WRY,
FH Y LNA and mixer, 338 digital
programable IF FE9 2 I/Q E27E Tt

RE/IF 4AEZHE tAE =G
HA AF 2¥dA HAHE 8FA
= Ut

A7) A2
==

9
SESE

# 28 RE/IF 34 4% 2958 e
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11 Demoy

Analog Front End

IFRGS VR-
Amanuator — C B .
oD B Q- o
LNA Buffer LC
RC
AGC
.
v/ o Circulator RF.F 1
‘é‘m & BPF Freq Synth X e
Frequency
Attenuator
:] g :j g GQ' ™>VQ
DAC j#t——
PA Bufter
V2 hed
Power Control

224 5 : RF/IF Subsystem (HS)

AU TX €949 ¢ -70dBm ~
20dBm(Z-2 90dB H#) ol f-elstedol ot 80dB
9] FAH S 10dB wlelR g dsle Re #Holgs
Z8A o] g A g Aok, = Wi, AGC
HHE 80dB7t shedtch dhyEd ZiAUYE vt
10dB &4& Ast=S 4AE F 7] fEelth

F71HQ1 & FAME-E RF/IFGeM HELARE F
A3}l Aeolt} o]A2 RF/IF components7} Al&
HA & We dAY power-downd Ziolth o &
€49, TX pathe RX Z#H Y F7)olE tun offg 2
o]t}

4, Analog Front End (AFE)
AFEE 9 694 ¥ ADC, DAC, anti-aliasing

¥ H, reconstruction BE % baseband interface

(284)

crreuits& ¥ =o& RF/IFE EFPE TX 1/Q
sampling clock® reconstruction filter7} 3 %9
straight sample-and-hold circuits2}x 7}R %} chip
rate®} £7+4 Bt} RX I/Q sampling ratexe 1 2 Q
@ ztzhol] thaA chip rate®] 4ujoict,

29 62 X3 chip rate®] 4w 1, Q AF 7}
ADC ¥ DACS %732 Al & (time-share) Y& B
o st=dofe) ByAe Fo 7hes 37 ¢35y,
sharing schemeo] 13 69| BQlule} 7bo] § 3 o
714 RF/IF interface A& 5%& RX ¥ TX I/Q
signals® 2+& ADC @ DACE Z &3t} ADC(ZS
DAC)7t 7} interface 2138 (=9 NA BRAA
A ¥) sample-and-hold bufferZ refresh(E-& sample)
87 Y8l AMgE o, RX(ZFLTX) I/Q sampled &
4} null oute] BT}
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2 YXE I=QE A7) RF/AFAIZY 34 Ay &9

Parameter RF/1F Spec
Dynamic'Range T o
80 dB

(53 ¥H)
Minimum Operating RF Signal Strength )
(22 52} RF Al3) 100 dBm
Adjacent Band De-sensitization 13 dB
(13 oy A=A
Alternate Band De-sensitization 67 dB
(A oy =AY
Other Band De-sensitization 80 dB
(2 utel cie ZE A3
TCXO Accuracy + 5 ppm
Stead-state Freguency Accuracy 300 Hz
(BAtutelol o] Fuj4 FHE)
Frequency Switching Time 1 ms
(Frte HA A7)
Demodulation Type . .
(B2 o)) Linear(BPSK-SS)
Diversity Antenna . .
(L} Tholwialel) EintS zin®S
Maximum Transmit Power
(2ch £ ¥a) 20 dBo
Average Transmit Power
(B 4 Ad) 10 dn
TX Power Control Range 90 dB
(4171 29 Ao He])
Fading Power Control Range B
(3015} 23 o] Wsl) 20 - 308
TX Power Control Resolution 2 dB
Maximum Moving Speed
(2] ol % £%) 2.5 m/sec

RSSI N

OP.RC \ l

»
OP.RC T

AFC
- \—Q—l
OP-RC P
w. -—
LF oA ) 1T e
OP-RC I
I optional

Z2¥ 6 : Alternative Analog Front End Configuration

T {optional)
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Interface A& & 1/Q samples®.tt WA ¥ Hl&
¢l bit'd 32 samplesZ F23l7] RE) HF Ade
ZAg & 9l AFEE £8 ADC ¥ 8 DACY
Azo g 3ty sample @ bufferdg ¥3HFch

1dBe} B&l%sE 7+ W& digital AGCE AHS ¢
228 RX I/Q signals2 6bits ¥ &3} ¥, TX I/Q
T § forward-link power control& 3 6bits sample
g 4 Uth AFC T 6bitse]l A AFEE 4= Qv 2
1}, RSSI 2 TSSI& 7bits7t ¥ R38lch speed9t ¥
%<& AFEY A3 23§ FA37) &, sharing

3 A AR Alole) ozie] Fude FA7F W83}

o},

5. Baseband Modem

Baseband Modem & signalling 3 &4 A|E2&
%%HIn-phase) 3 2394 Quadrature-phase) 714 th
& (Baseband) 84t 2 FAE TDD Frame &2
Azlgch 222 1MUY 1/Q A& RF/IFEe2
Wz et} $£A% A Baseband Modem & RF/IF ©&
o2 XE down-conversion B I/Q A3 & A3
signalling 3% &4 A¥£E EQ989, 29 78
Baseband Modem?¢] BEx & ®lch

g 7oA Heluieh Zol, JAYH e FIFEL
23 7ok ¢ PN Code Generator, 1/Q Spreader,
PN Code Matched Filter, Acquisition & $% SYNC
Code Matched Filter ¢} Detector, ZAATE F713}

r
Mesaage PC Bits
X100 Digltal RRC Ha e o ¢ ico B
Oiff. Enc. Frame Vi
DAC FIR Filter Spread M. Ene oice Bits
TCXO Clock -
e Timing :
PN Gen ¢ & Clock Sync Reset & Alignment
N, #2 Master
i Load PN SYNC ! Hadamard
Pawer Conlrof ass|
Ramp Up/Down ] 1SS! E";::’:'a Channet Quality
Freq Synth FIF Energy, SNR. AGC. AFC Interface Bad Frame MuL'
aAntenns Selection 6 gonlwl Lo
‘._A@L____‘. Unit
1
RETATE 1 B Reset AGC. AFC
i > M «PC Bit
A —... . essag its
BX1Qy aoc | Digital RRC PN M.F Detector Deframe Voice Bits |
1SS FIR Filter e
h
Peak
Tracking
Loop
I Offset information
4
Sync Word MF & D ion & Detection
] Noncoherent Integrator Veriticalion Logic
A\ 4
Controlier
Interface

oy 7
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(Steady-State Synchronization)& $ % Peak
Tracking Loop, Digital RRC FIR filter, Ad &% &
£, RF/IF & Controller, Speech FIFOE & TDD
Framer ¢} Deframer, Micro Controller Interface.

olHT BEEL A7 AFd F23% A5 A
2] 9} A A7+ Control Algorithm& 48§ $it}.

6. Voice Codec

Voice Codec® 29 8¢ HAZ go EYEZR
F4dth

- Linear codec, ADPCM transcodec, VOX detect,

Mute - [Q
‘1 Linear /
Codec
VOX
Control Logic T petect
Frame FIFQ — ADPCM

Deframe FIFO ———____.E,ge

Control Logic ——
2% 8 : Voice Codec Block Diagram

AYPId L AN E YAEs g N8 A//D
9} D/A AWEHEZMN 8KHzZ F&¥rh €% sampling

3} reconstruction fiter& EH T} HM¥IFYL TF
side-tone A7), speaker gain control#} microphone
mute$} 722 F7} 71%go] FoZt} Speech sampled
ADPCM encoderel Y8 ¥t} ADPCM encoder?] &
¥ ADPCM FE=S=E FAHAEE 5% A4& 9
8] baseband module® Frame FIFO2 RuUzat}
Speech sample® =& VOX detection ¥xel&es
dHdt o] duzEE U35 tak spurt$} sience
periods2 A oJ®t} Silence periods 9 Aoz
AH$-5]3 ADPCM 2= =9 A4 YA IR At}
o]3]¥ ZA#+= interferenced Z+4AE T system
capacity& F7tA )

FAHde T3 #£4¥ ADPCM I=Hd=g
Mute function® 2 RU Rt} U Ao 2 Fo|
ADPCM ZE= =7t Azte o8zt ok Vel
Mute function® ADPCM I E=QEE nmul T=H =
2 A9, 13x e ADPCOM I=HE=g
ADPCM decoder2 WElHA ¢ I=YP=g B
o}

7. Micro-controiler

D) S/W 224

BS & HSYA wlojaz HAEEHE A2y £4
AAg SR Uor By Relny, zbzte] wlelz
2 FEEH 242 3JH9 AFez vdrh 29
9& AF 1, 2, 38 Roin, ztzte] AF e FSMoZ
Tad

User Line

R e Kt
Application Layer Three Layer Three

| ——— 1 L
Link Layer Two Layer Two

— | ———1— — | ———1—
Physical Layer One Layer One

HS BS
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S/W . Soft Ware
TCSI . Teknekron Communications Systems
Incorporate
TCXO . Temperature Compensated Crystal
Oscillator
TDD . Time Division Duplexing
TEC : Taihan Electic wire Company
TSSI ¢ Transmit Signal Strength Indicator
TX . Transmission
UBC . User Bearer Channel
. %] Q] A
uc : User Channel 125;: 53 Sigﬂrﬂi} A
* 19824 - it w HAgsta £
USC . User Signalling Channel ! 2 R e
(1979 BA C UBRA ARENATE B
VOX : Voice Operated Transmission
WPABX : Wireless Private Automatic Branch
Exchange
ZCR . Zero Crossing Rate

(290)
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{11] CCITT Recommendation X.200, "Reference
Model of Open System Interconnection for
CCITT Applications”, 1988,

[12] CCITT Recommendation G.721, 32 Kbit/s
Adaptive Differential Pulse Code
Modulation(ADPCM)”, Vol III. 4, November
1988,

[13] Jayant, N.S., P. Noll, Digital Coding of
Waveforms, Prentice Hall Englewood Cilffs, NJ
1984,

[14] Proakis, J., Digital Communications, McGraw
Hill, 2nd Edition, 1989,

[15] Chris Bowick, RF Circuit Design, Sams, 1985
[16] FCC, Code of Federal Regulations, Part 15, Oct.
1992
C -
ool 28
ADC . Analog to Digital Conversion
ADPCM : Adaptive Differential Pulse Coded
Modulation
AFC : Automatic Frequency Control
AFE  Analog Front End
ARQ . Automatic Repeat reQuest
ASIC : Application Specific Integrated Circuit
BOLOS : Body Obstruction Line Of Sight
BPU : Baseband Processing Unit
BS . Base Set
CDMA . Code Division Multiple Access
CRC . Cyclic Redundancy Check
CSC . Common Signalling Channel
DAC . Digital to Analog Conversion
DCP . Digital Cordless Phone

DQPSK : Differentially Quadrature Phase Shift
(289)

DS-SS
DTMF

FCC
FIFO
FSM

HS
H/W

IEs
ISDN

Keying

. Direct Sequence Spread Spectrum
. Dual Tone Multi Frequency

: Federal Communications Commission
. First In First Qut
. Finite State Machine

! Hand Set
: Hard Ware

: Information Elements
. Integrated Services Digital Network

ISM band : Industrial, Scientific, and Medical band

LAN
LLC
LNA
LGOS

MMIC
MMSE
MZCR

NPRM

PA
PC
PCN
PCU
PG

PGS
PN Code
POTS

RC
RDCP

(902-928, 2400-24835, 5725-5850 MHz)

t Local Area Network
. Logical Link Control
. Low Noise Amplifier
: Line Of Sight

! Microwave Monolithic Integrated Circuit
! Minimum Mean Square Error

: Modified Zero Crossing Rate

* Notice for Proposed Rule Making(for

PCS)

. Power Amplifier

: Power Control

 Personal Communication Network

: Protocol & Control Unit

: Processing Gain : Tb/Tc=1c/fb,

10*Log(Tb/Tc) [dB]

: Programable Gain Stage
. Pseudo-random Noise Code
. Plain Old Telephone Service

: Reconstruction Filter
. Resident Digital Cordless Phone

RE/IF Unit : Radio  Frequency/Intermediate

RSSI
RX

Frequency Unit

* Receive Signal Strength Indicator
* Reception
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S/W

TCSI

TCXO

TDD

TEC

TSSI

TX

UBC

uc

usc

VOX

WPABX

ZCR

. Teknekron Communications Systems
. Temperature Compensated Crystal
. Time Division Duplexing

. Taihan Electic wire Company

. Transmit Signal Strength Indicator

. User Channel

. User Signalling Channel

: Soft Ware

Incorporate

Oscillator

. Transmission

. User Bearer Channel

+ 1954 5€ 594
+ 19821 29 ¢ AU AAFEH Y
<1997 HA - EHA JREAAT L

=)
3%

: Voice Operated Transmission

. Wireless Private Automatic Branch

Exchange

. Zero Crossing Rate
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