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WINC2R — A Cognitive Radio Platform

e Programmability and Reconfigurability

WINC2R implements the radio functionality using various
hardware accelerators, which are programmable by software
e |nteroperability
Ability to shift between protocols quickly
Independent Signal processing applications
e Scalability
Add or Remove data processing modules dynamically
Functional Units with Plug and Play feature
e Implementation of complex algorithms
Capabilities of the cognitive radio platform algorithms —

spectrum allocation, SNR based adaptation, per packet
protocol adaptation
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Virtual Flow Pipelining (VFP)

Hardware Pipeline

- Frame Period >
FU1 = Fu2 > FU3
= Frame Period 1 " Virtual Flow Pipeline
FU1(op_a) = DP1(th1) = FU4({op_b)
= Frame Period 2
DP2(th7) FU1op_c) | FU3(op_x) DP3(th3) | FU4(op_b)
L2 Forwrd MAC(TDM) CClcr=%) MOD({64QAM) FFT(256)
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Hardware Pipeline

Fixed order of FU activation

Fixed operation each stage

Single flow with fixed size time frame
No software based processing in
pipeline

Virtual Flow Pipelining

Programmable order of FU activations
in each flow

Programmable selection of FU
operation in each stage

Coexistence of multiple flows
Programmable time frame for each
flow

Any pipeline stage can be software
based processing
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Top Level Architecture - Tx

pcore

e Processor — Microblaze and
PLBv46 Bus
Bgﬁ:ﬂ XPS_uartite || XPS_gpio || XPS_intc e Functional Units — Low level
Data Processing Units
Xps_nch_emc mpmc ipif_final e Processing Engine — Application
specific processing
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VFP for 802.11a-Lite Transmitter

Transmit Path Command Flow

1 TxDataAvl
/ (Start) , TxPreambleCtr
&~ *xMod (cont)\i
IFFT
MAC Frame
Transmit Head xMod| Modulator &
PE e:E - ar:,:) PE Transmit Filter
§ PE
- (End)
TXDdataAvl TxStartCtrl TXEndCtr| 10 TXIFFT (cont)
= to RxFFT to RxFFT TxIFFT (End)

Transmitter Flow

e  MAC Tx triggers data flow

e  Frame Header attaches header information and forwards
data to Modulator

e  Modulated output goes into IFFT and FILTER blocks

e  Qutput of FFT is sent to DAC
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Top Level Architecture - Rx

pcore
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VFP for 802.11a-Lite Receiver

Receive Path Command Flow Channel |dleChannelBusyCtr|
toMacTx toMacTx

1
R@ RxHdrDeM od3 RxPL CPCheck g\ 2 /A
.. 4
PktTiming
MAC
& /;em\odulator Frame

FET - _ Checker Receive
RxDeM od PE PE
AN, ) S
) !
RxData “RxDeModg RxDeMod  RxFram SxFrame
2 RXMACDat
(Start) S —Se={(Cont) (End) 12 Check (St 10 Chock (Cont) 4 X ata
(Cont) 8 RxData RxFrame 13

(End) il Check (End)=

Receiver Flow

e ADC output goes to Synchronizer and FFT

e Header output is Demodulated and CHECKER processes header information and
sends it back

e  FFT triggers data flow to DEMODULATOR

e  CHECKER monitors CRC for each frame
MAC Rx extracts data from the frame
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Tasks for Modulator and Demodulator

TxMod
Modulate the buffer. Three different sub-tasks - first chunk, last chunk and
the intermediate chunk

RxHdrDmod
Demodulate the PLCP header (802.11a header).

RxPLCPChk
The frame checker checks the parity of the header and extracts the frame
parameters from it.

RxDeMod
Demodulate the frame in the input buffer.

RxFrameChk
Calculate the CRC of the frame and forward to the MAC. Three different
sub-tasks - first chunk, last chunk and the intermediate chunk
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PE - Modulator

CP Interface

Commands:
TxMod TSP Interface

Data Write >

FDG Interface

Parameter and Data ” R » Status Register IP2Bus_Data[31:0]
‘ Lbits
,,S,t,a,t,u,s,,, ,,,,i ===t ZQDI[QL Control Reglster
Mapper :
4,,,,,,,,,,,,,,,,,_‘
data[321] < BU52|P_RNW
<  Bus2IP_Addr{15:0]
~ Bus2IP_Data[31:0]
. L, Bus2IP_WrReq
enable > Mapping ~
Address addr[6:0 > Table
Decoder
pe_mod pe_mod_rmap

pe_mod_wrap

e Address Decoder — Interprets input bits and generates address for mapping table
e  Mapping Table — Contains constellation configuration
e  Mapper - Forwards Modulated bit to the output buffer

Status and Control Register — Setup and Debugging
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Command Parameters

e Command Parameters — Contain frame properties
e Shared by all processing engines
e Every data chunk processed independently

b31 bSO b29_b28 b27 - b23 b22 b21— b20 b19 b18
Not . .
Midambl Channel Uplink/
Preamble End of cambie Subchannelization Short/Long ann No P |n.
Present Burst Interval Preamble ID Coder Downlink
b17_b16 blS_bll blO_bQ b8_b7 b6 b5_b4 b3_b2 bl_bO
Header
Header
Standard ID HeaollqearIeCode Frame ;‘:‘;ﬁ: Code Rate :\:/Irgg:ﬁ FramBeiZtaIus
Bytes Modin
Standard Modulation Code Frame
Description Code Rate Code Status Part of Frame
ID 1/2 00 BPSK 00
i 00 Start and End
00 WiFi 3/4 o1 QPsk 01
. 01 Start
01 WiMax 2/3 10 16-QAM 10 ar
10 Continue
5/6 11 64-QAM 11
11 End
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Register Maps & Mapping Table

BPSK Q COAT
! by 16-QAM Qi bbby by
- 00 10 0110 1110 10 10
i 1 " L] a1 - -
- 00 11 0111 1111 1011
a a ., - -
= = = It
QPSK BBy C'l_l..,'l 'CI.C'I A 11'01 10'[)1
o 11 - :
* - * Q0 00 01 00 11 00 1000 Addr WI FI Addr WI M AX
OB LR " Offset Offset
g 00 2 points 6 2 points
BPSK BPSK
64-QAM Q bgbybabs bybs _ )

o i i L i R 4 points 4 points
C-Dl_l.ll_lﬂ C'Dl.‘ll_l(] o1 1.‘1[)'_' DIC-‘IGC- '_11'.'.1'.'0 11 l.ll_lC' 1";'1.10'_I IC'I_I.IDI_I 02 QPSK 88 QPSK
'C-Dlj.llill C-Dl.‘lEll 011'1[)1 DlC-'lﬂl 1ID.IC'1 111.1[)1 101.101 IGC'.IOI

N 06 16 points 9 16 points
000111 001111 011111 010111 110111 111111 101111 100111 16QAM 16QAM

L | L - - =T - - L] L]

000,110 001110 011110 010110 |110110 111110 101110 100110 29 64 points 108 64 points

. . . , . R 64QAM 64QAM
EIC-D'ICI‘IEI EIC-I;(]IEI 'C-ll.ﬂ‘l[) C-IG_DIICI _11'3-}!16 111 .Ell[) 1[!1-01'3- ‘IEIICI-DIC- I
000011 001011 011011 010011 110011 111011 101011 100011

» - LJ L] _3—- - - L] -

000001 001001 011001 010001 |(110001 111001 101001 100001
- - - - T L] L] - =
Q00 000 001000 011000 010000 (110000 111000 101000 100000
L] [ L] L] T a a L] L]
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PE — Demodulator and Checker

CP Interface
Commands:
RxHdrDmodChkr
RxDmodChkr

pe_dmod_wrap

FDG Interface
Header and Data

Context Enable

PE DEMODULATOR

plcp_hdr_req

chkr_done

PE CHECKER

RAM
1K*38

TSP Interface

=
7

e Demodulator — Demodulates the input data
e  Checker — Header Parsing and CRC check
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Command Parameters

RxDeModChk Command Parameters
Command Code: 0x02

b31_b28 b27_b23 b22 b21_b20 b19 b18
. Channel Uplink/
0x0 Subchannelization Short/Long No Coder P )
Preamble ID Downlink
b17_b16 b15_b6 b5_b4 b3_b2 bl_bO
Standard ID 0x0 Code Rate Frame ModIn Frame Status Bits
Standard Description Code Rate Code Modulation Code Framg Description
ID Status Bits
% 00
iFi BPSK 00
00 WiFi 3/4 01 00 Start and End
i QPSK 01
01 WiMax 2/3 10 01 Start
16-QAM 10 i
5/6 11 10 Continue
64-QAM 11 11 End
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Decision Table

BPSK Q LOAM .
o 16-QAM Q4 ! tigbybs by
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=+ =+ = -
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PE Checker

PLCP Check

pe_chkr

Y

Frame Check

Checker Done

A

RAM Interface

Checker Control

e  Parity Checker — Checks parity of the header and parses it.
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g A A A g Al g £ A g A
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2 5] | £ e 2 ° S|
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S g g | |52 g g k| B
o @l @ ! =3l pad = < !
5% 8% L L SiE 5 g 3
V2 Sio 8 YyVYyVyYs? Yyve y |
RxDMOD
UCM LENGTH FRAME
PARITY e Ittt S A
Calculator LENGTH
CHECGKER (DIVIDER) FWD CRe

NEXT TASK >

TSP Interface >

TSP Interface :



PLCP Header

I PLCP Header |

el B
RATE | Reserved| L ENGTH| Parity | Tail | SERVICE . Tail -
Abits | 1bit |13bite | 1bit | Ghike| 16 bits PSDU 6 bits |24 Bits
T~ |
i Coded/OFDM Coded/OFDM |
-~ (BPSK.r=12) | (RATE is indicated in SIGNAL) |
|~ = | |
PLCP Preamble SIGMNAL DATA

12 Symbols One OFDM Symboll WVariable Number of OFDM Symbols

e Synctriggers Demodulator after Preamble
e After demodulation, Header Contents are extracted
e Rate and Length obtained
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PE Checker

pe_chkr

PLCP Check

RAM Interface

Checker Control

e  Parity Checker — Checks parity of the header and parses it.

NEXT TASK >

TSP Interface >

g AAdLk gz 4l g5 g S
z 5 oS | c 8 2 g S
IR k1IN ) 5 o 8 2 S
Sc B | 5B s g 2O § 3
228 - = B £
| \A A K VVS | A
UCM R DMOD‘
Ry
PARITY LENGTH [RAME L
CHECKER Calculator EWD CRC
(DIVIDER)

TSP Interface j>

e Length Calculator — Calculates no. of OFDM symbols
e  Frame Length Fwd — Forwards frame length and no. OFDM symbols to sync
e RxDMOD - Calculates CRC and writes to output buffer

Ready for next module
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Software Setup of WiNC2R

AN
— » Status Register | IP2Bus _Data[31:0] E
‘ | Control Register | 5’ &gxmnx C Functions
P . BusaPRNW |4 xil_read(address);
‘ =] el
‘ Manping ¥ Bus2IP_WrReq xil_write(address,data);
»  Table N fillModTable();

pe_mod_rmap

pe_mod_wrap

e Sets up the VFP — Task flows

e Writes data to control regions — to configure processing
engines

e (Calculates constellation points and decision regions

e Sets up DAC and ADC

e Cognitive Algorithms implemented here
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Modulator Latency

Modulator Latency

H Mid Chunk

B Mod Table Setup B Chunk Processing Mid Chunk

Mid Chunk

1 symbol 2 symbols 3symbols m4 symbols

Clock cycles

1638

1638 190 18413

Total Latency = Chunk Latency,,X/No. of Chu

Chunk Latency

[ ] Initializatiory” 1st Word Mid Word 2nd Word

Clock cycles 96 6 96
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Demodulator Latency

Demodulator and Checker Latency

Header Data Chunk Mid Chunk Data Chunk Mid Chunk 1 Symbol 2 Symbols 3 Symbols 4 Symbols

Clock Cycles 219 887 1665 887 1665 330 215
161
120
Chunk Latency
Clock Cycles | 18 128 8 128 12 73
Initialization Input Fetch Mid Word Input Fetch End Checker
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Latency Analysis

e Helpful for System latency calculation

e Estimate performance in time-restricting
environments

e Bandwidth Analysis and Improvement

e Room for improvement
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Modulator Observed Waveform

T
] ACTION Signal
| TXMOD

Parameter Fetch ] Input Data Fetch ' Setup Qutput Buffer Modulate
10 Clock Cycles 9 Clock Cycles 11 Clock Cycles

Data Write
1 clock cycle

Dead Time
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Parallel Implementation

Qutput Buffer

pe_mod
nputWord CONTROLBLOCK |
31 [ | |0
l; $ L pe_mod 1
< .............
table [~
INPUT >
SWITCH
T T pe_mod 2 V
table -
- _>
p OUTPUT
ARBITER
_>
pe_mod n
> table -
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Timing and Resource Analysis

Processing Time (Thou. clock cycles)

40.194

Latency Reduction — 69%

276 [ B e BN R
- I B 1 B 1 B 1B 1

500 750 1000 1250 1500
M Serial m Parallel

Percentage Utilized on FPGA

2.46
25 2.34

Area Utilization Increase
3 times

Function CLB Slices Dffs or Latches Block RAMs DSP48Es
Generators

M Serial m Parallel
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Demodulator Waveform

:':' E M, 1 3 400

. .

L} []
H Parameter:
' Fetch e
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Parallel Implementation

pe_dmod

CONTROL BLOCK

Input Buffer

pe_dmod 1

table [

\J

INPUT
SWITCH

pe_dmod 2 ’ Output Buffer

table

l

B OUTPUT
ARBITER -

pe_dmod n

table g

v
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Timing and Resource Analysis

Processing Time (Thousand Clock Cycles)
60

50

40

Latency Reduction — 76%

30

20

10

500 750 1000 1250 1500

M Serial m Parallel

Percentage Utilized on FPGA

13.14
14

Area Utilization Increase
4 times

o N B O

Function CLB Slices Dffs or Latches Block RAMs DSP48Es
Generators

MW Serial m Parallel
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Bandwidth

Modulator rate

Demodulator Rate

RUTGERS

Mbps

Mbps

250.00

200.00

150.00

100.00

50.00

0.00

250.00

200.00

150.00

100.00

50.00

0.00

Rate

207.82

BPSK QPSK 16QAM 640AM
M Series M Parallel
Rate
191.92

BPSK

QPSK

M Series M Parallel

16QAM

64QAM
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Conclusion

e WINC2R Top Level Design

o 302

Hardware realization of Virtual Flow Pipelining

.11a - Lite
VFP implemented for 802.11a Lite protocol

e Processing Engine Design

Modulator , Demodulator and Checker

e Software on WiNC2R

Setup of Data flows, PE configuration, Populating the Mapping
table and Decision Table

e Latency Analysis

Processing times for modulator and demodulator

e Parallel Implementation

RUTGERS

Improved design for reducing Latency
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Future Work

e Support better Modulation Schemes

Design modulator compatible for circular modulation schemes
e Parallel Implementation

Full Functional Verification of parallel design

e Reusing Processing Engine in Hardware
Look-up table implementation utilized for other data
processing — Coding, Encryption etc

e Software Development
Include traffic generators, feedback paths, user-friendliness

e Area Reduction
Improvement in design, clustering multiple processing engines
in a single functional units
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