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(3rd Generation, 3G) (Beyond 3rd Generation, B3G)

(radio access)

(Smart Antenna)

3G B3G

(spatial diversity)

(Software Defined Radio, SDR)

3G B3G

FPGA DSP

B3G (B3G WCDMA)
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211

GSM-GPRS 115 Kbps

114 384 Kbps

2Mbps
144 kbps 2 Mbps
384 Kbps
B3G
B3G
B3G
(routing)
B3G
B3G
(adaptive modul ation) (adaptive coding)

(adaptive aignal process)

B3G



(object)

(1)

@)

3

B3G
B3G
(TDMA) (FDMA)
(CDMA) (Space Division Multiple Access, SDMA)
SDMA

(spatial signature) (Direction-of-Arrival,
DOA)

(SDMA)

SDR
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(SDR)

B3G (B3G WCDMA)

3G B3GWCDMA

B3G System Parameters

Data Rate 480Kbps ~ 720Kbps
Tone
Modulation (M) QPSK
Coding Rate (R) 1/2, 3/4
Spreading Factor (G) 32
MODE STBC

Dedicated Channels

Sync., Pilot and Traffic

No. of Channel Code

4
(N)
System CLK ( fg) 15.36 MHz
Oversampling (K) 4
Carrier Frequency ~ 2 GHz

FPGA DSP

RF/IF  A/D DI/A

(B3G WCDMA)

stand-alone system

B3G
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(D)
)
3)
(4)
(5)
(6)

1)

2

3)

(4)

Q)

OFDM/CDMA

OFDM



2.2

(1) -

WCDMA

2-D rake receiver

SDR
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231

1)

(2)

3)

& B3G
D/A
&

(4) DSPEVM

Aptix MP3CF

Aptix MP3CF

DSPs

(Bit Error Rate)

FPDP
FPGA

(FPGA->DSPs)

Aptix MP3CF

A/D

Aptix MP3CF

DSPEVM

3G



Aptix MP3CF
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3.1

FPGA DSP

AID  D/A
(B3G WCDMA)

- (ADC)

(D)
2
3)

3G B3G

(stand-alone system)

(reconfigurable)

SDR
(antenna)

- (DAC)

W-CDMA OFDM

3G B3G

B3G

(RF)

(DSP)

OFDM/CDMA

(IF)
FPGA



3.2

321
3211 B3G (WCDMA)
B3G (WCDMA)
MISO (Multiple Input Single Output)
DAC ADC
(a) 3GWCDMA (BS) [1]-[5]
B3G WCDMA (BS)
(convolutional encoder) (interleaver)
(demuliplexing) (Space-Time Block Coder, STBC)
Walsh (traffic channel)
(spreading code) (synchronous channel) (pilot channel) I Q
( 1Q ) RRC (Root Raised Cosine
filter, RRC filter) (Downlink Beamformer)
64 (chip) (Pseudo Noise code, PN code) (chip rate)
3.84 Mcps
(spreading factor) 256
(CP].~CP2) 15 KbpS

HSPDA (High Speed

10



Packet Data Access) 32 < 10.8 Mbps
32 (C1~Cy) 1/2 I
Q
480 720 Kbps

beamspace-time

( ) (multibeam diversity)
(b) 3aGWCDMA (MS)
B3G WCDMA (MS)
(code acquisition) (code
tracking) (frame start time)
(frequency offset)
(Space-Time Block Decoder, STBD) & (RAKE receiver)( )
(de-interleaver) (convolutional decoder)
RRC (matched filter)
(despreader) (channel estimator) &
(multiplexing)
CDMA
BLAST (multicode)
IST-METRA

11



3.2.2

3221 Aptix

W-CDMA

MP3C

(logic analyzer, LA)

file xnf

FPGA DSP ASICs ARM

.edif file)

Aptix MP3C(

Aptix Explorer™

FPGA /

(read-only memory, ROM)

MP3C
PLDs ASIC
adapter
MP3C
MP3C
MP3C
(a) Aptix Explorer
MP3C  Aptix M Px
MP3C
1
2
3 FPCB (Field Programmable Circuit

12

Aptix Explorer™

MP3C)
Angilent 16702B
RTL (netlist
MP3C
MP3C

(random-access memory, RAM)

MP3C
FPGA
MP3C
adapter
MP3C
FPGA DSP

Board) FPIC (Fidd Programmable



Interconnect Component)

(4) (clock)
5 (probe)
(6)
MP3C FPCB
MP3C FPCB [6]
(1) Freehole
) (special pins)
1. (swapping pins) /
TTL ( )
1 / (1/0 pins) freehole  MP3C FPCB
) 4 40
3) 2 4
@
(5) FPICs RS-232

(6) FPIC (field programmable interconnect components)

. FPIC/R

1. FPIC/D (diagnostic port)

FPIC  MP3C FPCB FPIC AX1024R (FPIC/R) FPIC AX1024D

(FPIC/D)
(1) 32x32 ( 1024 )
freehole 936 /
(2 / freehole 3 ns
5ns

(3) CMOS SRAM

13



packaging FPIC/R

1024 17 71

freehole FPIC/D FPIC/R

(b) Aptix Explorer

Aptix Explorer™ MP3C
(1) Explorer PC logic-level  top-level (
) xnf edif MP3C
FPIC

(2 (package editor)
3 (diagnostic communication interface)

FPIC POD

PC MP3C 10 BaseT Ethernet
Aptix Explorer™ MP3C FPCB
(1) EDA (e ectronics design automation)
xnf .edif

(2 (function simulation) (timing simulation)
(3) Aptix Explorer™ FPGA

FPCB
4 MP3C FPCB FPGA

(5)

14

936

64

PFCB

(daughter board)

MP3C



(c) Explorer

Explorer MP3C Logic Analyzer Explorer
Explorer Explorer

D (import design) top.edif  design.edif top. edif

MP3C DSP FPGA

PC (Personal Computer)
Xilinx

Foundation synthesis design.edif

FPGA FPGA

PC Xilinx Foundation ~ synthesis
(2 pinmap (import pinmap file)  pinmap

(package) freehole
3 FPCB (setup FPCB type) (power)

(ground) (timing constraint)
4 (board placement) FPCB
(5) (compile design) FPCB Mapping FPGA P&R FPCB Route
FPGA P&R Explorer Xilinx Alliance Place & Route
(6) (setup debug) MP3C
MP3C 3
FPIC 12 POD POD 16
192
(7) (download design) Q) (6)
MP3C FPCB

15



bit stream FPGA

MP3C
3.2.2.2 FPGA
(a) FPGA
1960
LSl (large scale integrated)
VLSI (very large scale integrated)
(programmable logic device, PLD) (field programmable

gate array, FPGA) FPGA 3

(1) (look up tables, LUT) [7] Xilinx, Altera, AT& T

2 (multiplexer type, MPX) Actel, Quicklogic

3 Cross point

(1) SRAM Xilinx, Altera, AT& T, Atmel

(2) Anti-fuse Actel, Cypress, Quicklogic

SRAM FPGA
Anti-fuse (OTP)
ASIC (application specific integrated circuit) FPGA
ASIC FPGA
ASIC
FPGA

VHDL (Very High Speed Integrated Circuit Hardware Description Language)
FPGA Xilinx Foundation  FPGA Xilinx Foundation
HDL (design wizard)

16



VHDL library
family Xilinx Foundations Core Generator
Core
Generator
Xilinx Foundation
(b) FPGA [8]
FPGA
Q) (design entry) Xilinx
Foundation Schematic HDL (Hardware

Description Language)

FSM (Finite State Machine) Schematic

Xilinx Foundation library (adder)
(multiplexer) Schematic
HDL HDL VHDL
Verilog HDL HDL
FSM (state diagram)
(2 (synthesis) (behavior description)
RTL (Register Transfer Level)
3 (function simulation)
(test bench)
Xilinx Foundation (smulator) (smulator selection)
4) (implementation) Translate Mapping
Place & Route Timing Configure Trandate Design Entry
FPGA Mapping Trandate FPGA

17



Place & Route  Mapping Timing
FPGA Configure  Place &
Route FPGA

5 (timing simulation)

(6) MP3C/Explorer PC

MP3C
3.2.2.3 TMS320C6701 DSP
SoC
DSP
DSP TMS320C6701 DSP
Veloci Tl VLIW (Very-Long-Instruction-Word) CPU 167 MHz
10° (CPU)
[91[10]
(a) TMS320C6701 CPU
TMS320C6701 DSP CPU DSP
Veloci Tl VLIW CPU DSP CPU
(function unit) (register file A register file B)
L1 12 S1 .82 M1 M2 D1 D2
(1) L1 L2
(2 s1 .2 (bit Shift) (branch)
(3) M1 M2
(4 D1 .D2
16 32 16 40 (fixed

point) 16 64 (floating point)

18



(b) TM S320C6701

C6701 DSP 32-hit 4G Bytes
64 Kbytes (internal program memory) 64 Kbytes
(internal data memory) 52 Mbytes (external memory)
Q) (Program Memory Controller, PMEMC)
(cache mode) 2K 256-bit

(cacheline) CPU

(Direct Memory Access Controller, DMA controller)

. (mapped mode) Map0 Mapl
Map O 0x01400000h  Ox0140FFFFh Map 1
0x00000000h  OxO000FFFFh CPU
DMA controller CPU DMA
controller DMA controller CPU
2 (DataMEMory Controller, DMEMC)
32 Kbytes 8 2 Khalfword
(1 halfword = 16 bits) ( )
CPU DMA 16-bit
CPU
(c) TM S320C6701
(External Memory access Interface,
EMIF) DMA (Host Port Interface, HPI) (interrupt)

(1) EMIF DSP EMIF CEO CE1 CE2 CE3

19



Access Memory, SBSRAM)

Memory, ASRAM)

(Synchronous Burst Static Random

(Asynchronous Static Random Access

(Synchronous Dynamic Random Access Memory,

SDRAM) (Read Only Memory, ROM) (First In First Out,
FIFO) CE1l EMIF
CPU
CPU DMA
(2) DMA DMA CPU
DSP DMA (auxiliary
channel) DMA DMA HPI
CPU
(3) HPl HPI DSP CPU
DSP 16 DSP 32
16 DSP
(4) DSP DSP
DSP (reset) (maskable interrupt)
(Nonmaskable Interrupt, NMI) CPU
NMI CPU
INT4- INT15 INT4-INT7 DSP INT8-INT1S5 DSP
INT4-INT15
(Control State Register, CSR)( ) (Interrupt Enable Register,
IER)( ) CSR (Global Interrupt Enable, GIE)
1 IER NMI 1 IER

(Interrupt Enable, IE) 1

20



3.2.2.4C6701 DSPEVM

C6701 DSPEVM W-CDMA
TI TMS320C6/701 DSP Aptix adapter MP3C
C6701 DSPEVM FPGA

(a) C6701 DSPEVM

C6701 DSP EVM TMS320C6701 DSP
SBSRAM (flash memory) UART (Universal Asynchronous Receiver Transmitter)
JTAG (Joint Test Action Group) (CPLD)
(1) SBSRAM 512K bytes 132 MHz DSP
MAPO SBSRAM MAP1
SBSRAM
) 128K bytes
C6701 DSPEVM DSP
(3) UART JTAG PC UART
UART RS232 PC JTAG
|[EEE-1149.1
(4)
CPLD 32
32

(b) C6701 DSPEVM

C6701 DSPEVM
(1) C6701 DSPEVM Aptix MP3C
) TI TMS320C6701 DSP  CPU 120MHz 150MHz 167 MHz

(3) SBSRAM 512K bytes

21



(4) UART RS232 PC

(5 32 16 4

(6) 4

@) IEEE1149.1 JTAG CCS(Code Composer Studio)
(c) C6701 DSPEVM

C6701 DSPEVM PC PC C6701 DSP

EVM emulation board emulation board
XDS510 Emulator CCS

CCS coxinit.gel dspevm.cmd rts6701.lib coxinit.gel

CCs DSP EMIF dspevm.cmd
rts6701.lib  TMS320C6701 run time support library
(d) C6701 DSPEVM  FPGA
C6701 EVM ( FPGA) ( )

C6701 EVM 4 boardl board2 board3
board4 0x03000040 0x0300007F  0x03000080
Ox030000BF 0x03000100  Ox0300013F 0x03000200  Ox0300023F 4 CE3

( )4 110 4
boardl-board4 4 EXTINTO-EXTINT3

EXTINTO-EXTINT3

IE

FPGA

DSP FPGA

DSP

TMS320C6701 DSP

FPGA

DSP

DSP

22

INT4-INT7

DSP

EXTINTO-EXTINT3

DSP FPGA



STRBNO0/1/2/3

t4

DSP FPGA
FPGA STRBNO/1/2/3 1
t2
() tcdk DSP DSP 132
(2)t1  ADDR[3:0] STRBN0/1/2/3
(3)t2  DSPSTRBN0/1/2/3
(49t3  STRBNO/L/2/3
5 t4
(6)t5  RDYO/1/2/3 DSP
“high” “low”
2*1/tclk
3.2.25DAC/ADC
MIMO-OFDM
4 /
(1) DAC/ADC DA S825E/ADC900u
(2 JP1 JP2  JP10 jumper
(©) Aptix Explorer
DAC R219 ~ R226
ADC 0.1

50

23

RD/WR0/1/2/3 DSP
CPU

STRBNO0/1/2/3 RD/WR0/1/2/3

tclk
MHz 1/132 MHz
FPGA
DAC ( )JADC ( )
DAC/ADC
( )
FPGA
DAC
50



3.3

)

2

3)

(4)

()

B3G

B3G

(B3G WCDMA)

(B3G WCDMA)

Aptix MP3

VHDL [/ C

24

FPGA

DSP



Aptix® System Explorer MP3C

FPGA
C
DSP
(B3G WCDMA)
FPGA DSP

FPGA

Aptix® System Explorer MP3C

25

FPGA

DSP

DSP

FPGA

B3G

DSP
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Interface for Processor || Digital/ Analog| Analog/ digital  IF band Multi-band
input and = (DSP,FPGT  converter converter = processor RE u ;’l
output AASIC) (DAC) (ADC) (Filtering) converier

Mulimedia
inlormation

Mobile unit Antenna

Radio interface ..

,

Base station Antenna
Interface for Processor || Digital/ Analog Analog/ digita IF band Multiband
input and H (DSP,FPG converter converter =} processor T HFu - aﬂ
output A,ASIC) (DAC) (ADC) (Filtering) converler
SDR
Aptix MP3C Transmitter Modules at BS 1
source + * Baseband g CUENIEL _> C D/A_:? BS
Transmitter___,, Emulator - g IF/RFUp
Converter 3
FPGA/DSP FPGA Transmit Unit
Downlink * 2150 MHz
Parameter Estimation «— i
Time/Frequency/channel L 54
Data : . MS
Destination®——— B3G Baseband Receiver < i
«— AD . | RF/IF Down <—
: Converter
. FRERDES Receive Unit
B3G (WCDMA)
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Coy

Pilot —»[1—

Y ________.C.,C,_ __ Channel _
s g s T
! > ! b

I

Traffic °
Channel || °
—>» Encoder [¥{Inteleaverf-»Demux Downlink L]

Beamformer

o
=

\

V& BE

sk
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Magnitude (dB)

60 40  -20 0

Angle (degree)

Beamspace beamforming

tywithy 4
twishy
tywhih,
tWhHh, G
BS
B3G WCDMA
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Complex] |RRC Code Finger
A/D R == > —> SO
|+ Multiplier| "Filter MFI ™ lacquisitio{  |Searcher Frequency
Received o Offset
eceive Timing | Estimate
Data - Acquisition
Pilot Code Timing
— Trackin
Despreade Tracking g
Channel
FPGA Estimate _|
Processin Output
g [ ittty it il ‘+ ------------
i Y Space Time : Data
D DSP. _E’ Traffic I p| Block Decoder :k De- Viterbi [,
Processing PDespreade (STBD) ! " |interleaver Decoder|
{ | Pilot RAKE |
i [ _.Canceller Recelver :
B3G WCDMA (MS)
Finger L
Finger 2
Finger 1
r N »
STBD »)—
- H
St - g ai X1 =
Despread 2 ai, -ai, X —+)—p|
C2
. MUX
gb‘ Finger L
Finger 2
C3 Finger 1
X3 R
» Despread »t)—
| - X —
Despread — >+ )—p
4

STBD
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Eb/No (dB)

(WCDMA)

B3G

Aptix Explorer™

Explorer MP3C

Logic Analyzer

Aptix MP3C
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Aptix MP3C
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design.edif top.edif

import design

setup FPCB type

board placement

compile design

setup debug

download design

[

Explorer

33



design entry I
synthesis I

function ssimulation

implementation I

timing simulation

MP3C / Explorer I

FPGA
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Data Path & <

Diata Path B <

LO1 32 M5B
am

LDt 32 LSB

BA1

DAz

LO® 12 LEB

LO? 12 M5B
)

st

Lit =2
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fa
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ki /e
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k3

W
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Mt
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H1la

i &
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TMS320C6701 CPU
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File B
[BO-B15)

L
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Ragister File




Byte Address

0000_0000

0100_0000
0140_0000

0180_0000

0200_0000

0300_0000

8000_0000

- = reserved

TMS320C6701 DSP
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31 26 25 16 15 5 4 1]
Qutside external range. Fetch packet alignment.
Ta Block offset
assumed to be 0 g Assumed 0
TMS320C6701 DSP

Bank 0 Bank 1 Bank 2 Bank 3
First address 80000000 BOOODOOA 20000002 30000003 B0000004  BOOODODS BODDODOE  BODOD0OT
(Block 0)
Last address BOODOTFFO BOOOTFF1 B0007FF2  B000TFF3 BODOTFF4  BODOTFFS BOOOFFFG  BOOOFRFET
(Block 0}

Bank 4 Bank 5 Bank & Bank 7
First address  B000000B  BOOOOOOS FO000000 30000008 BO00000C  B0000000 BOMODOE  BODOD0OF
(Block 0)
Last address  B0OO7TFFE  BOOOTFFS S0007FFA 20007FFB BODOTFFC  BOOOTFFD BOOOFFFE  BOOOTRFF
(Block 0)

Bank 0 Bank 1 Bank 2 Bank 3
First address  B0008000  BODOS0M 0008002 B000B00G A000B004  BODOBOOS BODOS00E  BODOS00T
(Block 1)
Last address  BOODOFFFD  BOOOFFF1 S000FFF2 8000FFF3 BODOFFF4  BODOFFFS BOOOFFFE  BOOOFFFT
(Block 1)

Bank 4 Bank 5 Bank 6 Bank 7
First address  B000B00B  BOOOZ00S ZOO0BOH 30008008 BO00BO0C  B0008000 BOME00E  BODOB00F
(Block 1)
Last address  S000FFFE  BOOOFFF2 S000FFFA S000FFFE BODOFFFC  BO0OFFFD BOOOFFFE  BOOOFFFF
(Block 1)

TMS320C6701 DSP
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DMA,
controller

Data
memary
controller

Program
MEMory
controller

g U

_b.
—
o>
I
—
.
-_
I—
External —r
Memory e
IT:EEJ?FT L »
_b.
—
—
I—N
—
-
—
I—
Control —
registers |

I

Internal peripheral bus

TMS320C6701 EMIF
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b

Shared by
all external
interfaces

Asynchronous
contral

SBSRAM
control

SDRAM
control

Bus hold
interface



%X 24 23 16

| CPUID | Rewvisian 1D |

I R »

15 10 9 a7 5 4 3. 1 0
PWRD saT | EN PGC pcc | PGIE| GIE

b———— R W, +0 ——HR C +0R, +x[s R, W, +0 ———

Legend: R Readable by the MVC Instruction
W Writeable by tha MVC instruction
+5 Value undefined after resat
+[ Value is zero after reset
C Clearable using the MVC insfruction

MS320C6701

15 ]
[E15) IET4 ] 13 | IE1Z| IETI| IE1Q | IES | IES | IET | KEG | IES | IE4 Rsw | Rsw | NMIE] 1

| R, W, +0 R

Legend: F = Readable by tha MVC instruction
W= Wrileabla by the MVC instruction
Rev = Resarved
+1 = Value after reset
+0 = Value after resat

TMS320C6701
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o

mni I.I ml'ﬂé'_rg mll'l

r
B

SBSRAM flash UART |«» PC
JTAG
A
} Pl Pt
CEO CE1 CE2
TMS320C6701
externd
DSP <« Y X » CPLD |—» control
CE3—» signa
32, external
/ >
data bus

e

[

C6701EVM
modul e
— = |
: LT

C67/01 DSPEVM

CCS
IDE

! !b JTAG Cable
I XDS510

Emulation Board

6701 DSPEVM
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Board 1

AIAAA

Board 2

C67/01EVM

Board 3

Board 4

IAAAA IAAAA IAAAA

C6701 EVM

STRBNO
RDYO
RD/WRO
EXTINTO
STRBN1
RDY1
RD/WR1
EXTINT1
STRBN2
RDY2
RD/WR2
EXTINT2
STRBN3
RDY3
RD/WR3

EXTINT3
OEO

OE1
Data[31:0]
ADDR[3:0]

to PC's
RS232

XDS510
emulator



OoLD

telk ‘ Setup=2 ‘ Strobe=4 F?Lq ‘ Setup=2 ‘ Strobe=4 =1 ‘
- =1
DSPCLK
- 2 — - t2+n*1/tclk —
STRBNO0/1/2/3 \L
1
1
|
RD/WR0/1/2/3 i
— 1 —
i
t
ADDR([3:0] i
L
1
|
OENO0/1 !
T
laipla
i >
Data[31:0]
Ready sample Readyisamp - 15
A J / Y
RDY0/1/2/3 Not ready
Zero wait delay Wiait delay
OLI
telk ‘ Setup=2 ‘ Strobe=4 h?Lq ‘ Setup=2 ‘ Strobe=4 F:jﬂ
- =1
DSPCLK
-— 2 — - t2+n*1/tclk —
STRBNO/1/2/3
10ns(max
l—>]
RD/WR0/1/2/3 \
ADDR[3:0]
OEN0/1
Data[31:0]
Readyisample
Ready sample i - {5 -
A v A
RDY0/1/2/3 Not ready
Zero wait delay Wait delay
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B3G WCDMA

System Parameters

No. of Antennas 8
0.0354°,12.4646°,
Beam Angles —24.2054°, —36.6346°
Data Rate 480 Kbps
Modulation QPSK
Measured Channel .
2 fingers

Response

Dedicated Channels

Sync, Pilot and Traffic

Mode STBC
Coding Rate 12
Traffic Spreading 30
Factor
Pilot Spreading 256
Factor
No. of Spreading 4
Codes
TTL
TTL
VOL VOH VIL VIH
0.4 Volt 2.4 \Volt 0.8 Volt 2.0 Volt 5 Volt
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DSPEVM

Address Range (Hex) Size Description
(Byte) MAPO MAP 1
Internal program RAM
0000 0000 — 0003 FFFF External memory SRAM
64K Bytes
CEO 256K Bytes
0040 0000 —0003 FFFF
Extorrd FLASH External memory SRAM
xternal memor
0100 0000 —0101 FFFF y CEO 256K Bytes
CE1 128K Bytes
Internal program RAM | External memory FLASH
0140 00000141 FFFF
64K Bytes CE1 128K Bytes
0180 0000 01FF FFFF DSPinternal control register
0210 0000-0210 001C 32 UART (Only use low byte for each word)
0300 0000-0300 003F 32 All board disable
0300 0040-0300 007F 64 Board 1 active area
0300 0080-0300 00BF 64 Board 2 active area
0300 00C0-0300 OFFF Not use
0300 0100-0300 013F 64 Board 3 active area
0300 0140-0300 01FF Not use
0300 0200-0300 023F 64 Board 4 active area
DAC/ADC
JP1 Setup JP2 Setup Jp10 Setup
1-2 cable clock 1-2 | 40~80MHz | 1-2 |Cable JP6 clock
2-3 OSC 2-3 | 15~30MHz | 3-4 |Cable JP7 clock
Open| 25~50MHz | 5-6 |Cable JP8 clock
7-8 |Cable JP9 clock
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