— & USC Viterbi

School of Engineering

-‘l\ Center for Cyber-Physical Systems

CCI and the Internet of Things

SOFTWARE DEFINED RADIO

USR SDR WORKSHOP, SEPTEMBER 2017 ~—/
PROF. MARCELO SEGURA

SESSION 3: PHASE AND FREQUENCY SYNCHRONIZATION —

o’
o’ \
N
1

Q N/

et



SYNC
TUNNING

A Tuning, consist on selecting the right value for the LO and the appropriated sampling rate.

A All the tuning parameters are setup on Simulink block.

A You should be carful with the LO difference e —— =
between SDR boards. ey ‘:""2 ) ng Igwmuwim
3 ) Center fraquency [Hz): Property =~  102.5e6 NaN
A On B200, the sample rate is defined by the rr ga c: e
Sampling rate (Hz): 25023 el
g 3 Frequency correciion (ppm): 1] HaN g
relation between clock and up/down sampling
A
Centre Frequency
E’ Frequency Correction
| | ..
OHz . : frequency
selected frequency band

(Sampling Rate)




SYNC ,
THE SYNC PROBLEM

A Channel effects: A) Propagation delay B) frequency shift

A If we could consider No delay, always we have difference between LOs.

transmitter receiver

radio channel

information demodulated
signal >< X signal

in a “perfect” delayless model,

direction connection could be made

sine wave sine wave



SYNC
PROPAGATION DELAY

AIf TX ad RX are fixed position, we always have fixed phase offset.

phase offset (8)
Transmitted by tablet

AVAVAVAVAVAVAVAVAVAVAVAVAVAV | VAV

Generated by router L

o Wireless propagation distance (constant)

Tablet (static) Router (static)




SYNC
FREQUENCY SHIFT

A If TX and RX moves, there will be a time variance phase shift that is equivalent to a frequency shift.

A Doppler effect.

transmitted at .\ MHz receved at .\ +o MHz

J dli

-H: .lp' _I' I_

/ - wavefronts arrive more '.;!'.'
\ frequently at receiver... :

seen as higher frequency

mobile phone mobile basestation
(moving towards basestation) (fixed position)




SYNC ¢
HARDWAREFFECTS

A LO change over time due to: temperature, manufacture process, ageing and others.

A Example: error of 5000ppm, f1=100,5Mhz, f2=99,5Mhz, Fc=100Mhz

Amplitude




SYNC
COHERENT DEMODULATOR

ADemodul ate with an LO that Badutionsot exactly the

A Option 1: TX the carrier like DSB (pros/con)

A Option 2:Recovering the carrier from the modulated signal

A Modulated Signal (DS8C) - (50} 0

m(t) = ‘g[gﬁlungﬁ: +£,)1) — sin(2n(f. - ;;]r}} o
A Demodulated Signal

cos(2n( f+ANr)

Transmitter Receiver

(1) = cos(2r(f. +f)1) X g[sm(mm )0 sin[mg; —fb)fﬂ

lowpass filtered term

_ A _4 -
u(r) = W] 45"1(3“(& 1)) u(t) = g[sm(zm + fﬁ}i“]"‘ﬁiﬂ@“%_faﬁﬂ
_‘M +‘§sin(2n(fﬂ +fg,}-"]

lowpass filtered term

u(r)

lowpass
. EEE—



SYNC 4
PHASE LOCK LOOP, REVIEW

A The PLL is the fundamental component on every coherent receiver.

APLL:
A Phase Detector: the output is proportional to the phase difference between received signal and locally generates
A Controlled Oscillator: it is a VCO for analog receiver and N@Qligital receiver.

A Loop filter Filter acts upon the output of the Phase Detector to ramoxanted higlfrequency terms, and
produce the signal that drives the VCO or NCO.

x(1) = cos(?nj‘;?Jrﬂr(I]J{ R \ 0,(r) = Kp(ﬁf(ﬂ—ﬂo(-’))

Input Detector )
A

. synthesised

s(t) = —sm(?n: t+6 (r)] ;
5, f fe] o S/-ff?\e-:-" ave L mp F"'ter

[ vCO/
Output <« P

c(r) = cos[j'rcfoﬂreo(r}) (1)




B
PHASE DETECTOR

A The phase error is proportional to the phase difference: 0,(1) = Kp(ﬂf{ {)— ﬂﬂ{r))

A Implemented as a multiplier.

A If the difference is small, the mixing approach to the difference.

(1) 0,(7) v(1) = x(1) xs(1)
.' ¢ Ideal Phase
npu Detector

= cms(?nﬁa‘ + Ell.(r]j X —siu(?nfar + EIG(?‘))

‘L.r{!f) = %Sin(ﬁi{f)—ﬁa{ﬂ) —%Sill('fﬂfi(f)‘F 1 o(‘f)

I | 1 |
L low frequency term high frequency term
x(1) v(t) = 3 sm(ﬂi(f] — 80({]j + g q 4

Input L .
= ol frequency terms ]
from VCO/NCO 0 >< 1*({] ?( E{r) ﬂ{r))
i 2

from VCO ,-”NCOT s(1)




LOOP FILTER

PLL

10

A The design of the loop filter is vital in defining the overall characteristics and behavior of the PLL.

A The PLL type corresponds to the number of integrators in the loop, including the one that add the
VCO/NCO.

Integrators
PLL Type
VCO/NCO | Loop Filter Total
Type 1 1 0 1
Type 2 1 1 2
Type 3 1 2 3




PLL 4
CONTROLLED OSCILLATOR

A The VCO control signal is the filtered phase difference v(t)

AThe esti mated 0 B B s S 8 YR

r
g 0(n) =k, [v(t)dr
A kO is the sensibility of VCO 0

c(t) = cos(?nfor + é(r):)

4 Voltage A > s(1)
V(1) » Controlled "
Oscillator » c(l

" y,

control signal output signal(s)




PLL
NCO NUMERICALLY CONTROLLED OSCILLATORS

A The digital version of VCO.

Numerically ) > s[m]
v[m] Controlled
clm] = CDS(ERmeT+ é[m]) Oscillator /—P c[m]
control signal output signal(s)
M

: A A 2r
Olm] = K, 3 vim] 8[m] = O[m—1]+u[m] e i

m=40 .f_;

A Different frequencies are created from different step size.

6 T

=

Phase( 8) nradians

Sample index

Sample index

12




PLL 3
NCO

A To follow a frequency change, an adjustment term is needed.

0[m] = 6[m—1]+ul[m] ulm] = w, +p,[m] w [m] = K,v[m]

4 )

—» ! NCO
plm] p [m]
c[m] < cos(.) |« o é{ <I<—— v[m]
0[]
slm] < sin(.) |[¢———
“fi"
\ /
phase to amplitude phase step size

conversion accumulation adjustment




B .
NCO. IMPLEMENTATION ON FPGA

A The simplest operation inside FPGA could be up/down conversion to intermediate frequency.

A NCO are usually implemented on LUTs. Also called Digital Direct Synthesizer (DDS).

Sine LUT
Step n hits zﬂ L bits
4_>| Accumulator |——/—> s +"
Size address 5 output
Lemsemsmreemen

A The LUT has N&8ize, where n is the numbers of bits that accumulator generate.

A The amplitude resolution of the signal depends on the numietpats bits |and the frequency
resolution depends on LUT size, n.




PLL 5
NCO ONFPGA

A Frequency and amplitude resolution

address amplitude
n=4 L=28

0000) 0000 0000
Memory Locations: 0001} 0011 0001
N=2%=16 0010] 0101 1011
0011) 0111 0110
0100 0111 1111
0101
0110
4/ 0111
/ g 1000
1001
1010
1011
1100
1101
1110} 1010 0101
1111) 1100 1111

67.5°
a0

4 bit address




PLL ¢
NCO ONFPGA

A Quantization effect, L

50l 8 bit wordiength 4 bit wordlength

6 bit wanl‘:ﬂengrh
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BEL -
NCO ONFPGA

A Frequency control is done by step of Accumulator

[N/ N\ /\ .
\/LUTaufpur/

MMM

accumulator

AWAWAWAWAWA
v,

-
\/ LUT aufput U \/
\J \/

21 W
0 -

accumulator




PLL 5
NCO ONFPGA

A The Accumulator step is determined by:

A N: number s entries on the LUT.

A Fs: sampling frequency w=N f_d
A Fd desired frequency s
A Example 8 bits, N=256, fs=10Mhfj=2.5Mhz u = 256 ﬁgﬁgj = 64
olp) _ 24MHz _
A If we need 2.4Mhz?" h=256 SO Z=6144 .

A We need to add a fractional part to the ACC.

A The step will have an integer and a fractional part]

A 1=61.4375 [8:4]

Sy

m ﬁ = 2,399, 902Hz




PLL 9
NCO ONFPGA
1

A Frequency resolution: depends on steps differences. Al = 5
2

A The fractional bits should be selected following the desired frequency resolution.

)~ frequency error

{

\ | o™

: : = Desired Frequency
Realisable Frequencies, Al = 2a

: : f,
Realisable Frequencies, AlL = a N\ d
> Sl I \ % "Fe ~t frequency error

A Frequency resolutioda:

Frequency




PLL 5
NCO ONFPGA

A Truncated error: if the steptis p8x h OEAT ODBPOOEI OO APPAAO AT A Ol




