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Motivations

The new HCR design applies different techniques for carrier

recovery and coding.

LDPC code can only provide a valid BER measurement after a few
codeword => slow feedback response from the backend (in the
order of milliseconds or seconds).

LDPC allows the radio to operate at much lower SNR, which makes

some detection mechanisms become unreliable.

A fast, reliable mechanism for controlling the carrier recovery
process should be proposed.

HCR @ LDPC, coded 1E-3 (1E-5) HCLOS @
coded 1E-5
QAM4 QAM16 QAMS32 QAM64 QAM128 32TCM
Es/No (dB) 1.6 12 14.4 18.2 21.1 18.1
Raw Eb/No (dB) -1.4 5.98 7.41 10.42 12.65 11.2
Raw BER 1.16E-1 2.85E-2 3.3E-2 2.2E-2 2E-2 4 5E-3




A NEW FREQUENCY LOCK DETECTION
Introduction

A traditional CFAR (Constant False Alarm Rate)
technique is used in the burst preamble detection for
TDMA applications.

The technique exploits the correlation properties
between the received symbols and the corresponding
expected ones (training sequence).

For BPSK, and the training sequence is carefully
selected in order to maximize the gap in probability of
lock and unlock.
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A NEW FREQUENCY LOCK DETECTION

Introduction
PROs

The metric will be reduced as noise increases compared with the
signal.

I:Iock,min = I:Iock,min SNR > I:unlockmax SNR = I:unlockmax

The metric F is only a representative notation to ease the
mathematical analysis.

CONs
The sequence a(k) is no longer known, but random.

The correlation values become even weaker for higher QAMs.

These problems result a small difference between lock and
unlock metric. This makes the detection being not reliable.
Therefore this technique has been proposed so far only with
BPSK training sequence.

We could modify the technique so that it could be used for
high QAM applications.
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A NEW FREQUENCY LOCK DETECTION
Proposed techniques (QAM-4,16, 64)

z(k)

For the square QAMSs such ‘ a Both 2(9 and a9
{ (] { {
as QAM-4, 16, and 64, only a(=0; z(K) are
. . . _ 2 counted
diagonal points (i.e., |a|= e | o | o |

|lag|) are considered. Points 4
not on the diagonals will be e | o | o | o
forced to have a(k) = 0.
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A NEW FREQUENCY LOCK DETECTION
Proposed techniques (QAM-4,16, 64)

The important point of this trick is that it considers the
constellation points not on the diagonal axes as noise
adding up to the energy portion of the metric. It does not
impact much when it is locked, but it helps when it is unlock.
When it is unlock, the diagonal points will be rotated and it
has less percentage of staying in the right location; other
rotating points can get into the diagonal axes, but has less
probability compared with the probability of the good
diagonal points rotating out their location. It will provide (1)
the average power of the measured diagonal points is
reduced, and (2) the energy of noise-like power is increased.
These impacts will make the metric significantly smaller
compared with the metric when locked.
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A NEW FREQUENCY LOCK DETECTION

Proposed techniques (QAM-32,128)

The above trick can work

only with squared QAMSs. o | o
For cross QAMs, only . | e
diagonal points (i.e., |a|=

|lagl) will be considered, the e | o
points at the 4 corners will

have a(k) = 0. The other * e

points not on these axes will - o

be ignored in all
computations.
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A NEW FREQUENCY LOCK DETECTION
Proposed techniques (QAM-32,128)

In this trick, the points at the corners help to reduce the
metric when the system is unlocked. These points are
considered as noise-like power as in the previous trick. The
power at these corners is significantly large and it can be
seen as a weighting factor. We currently use the actual
measured energy, but it can be replaced by a predefined
average energy.
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A NEW FREQUENCY LOCK DETECTION
Analytical metric when locked (QAM-4,16, 64)
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A NEW FREQUENCY LOCK DETECTION
Analytical metric when locked (32, 128)
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A NEW FREQUENCY LOCK DETECTION
Bound of metric when unlocked
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A NEW FREQUENCY LOCK DETECTION

Simulated metric when locked

Lock Detection Metric for QAM-4, N=2000
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Lock Detection Metric for QAM-16, N=2000
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Metric Funlock

A NEW FREQUENCY LOCK DETECTION
Simulated metric when unlocked

Lock Detection Metric for QAM-16, N=2000 Lock Detection Metric for QAM-64, N=2000
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A NEW FREQUENCY LOCK DETECTION
Implementation

1(xk) 7%

Q) 7

formatting is
[1,5,10] which is
[sign, integer,
decimal]

SDR10

: Also removes —
xmax, xmin urwanted points in formatting: crLockCheck
crossed gams [1,5,10]

detects points on the

diagonal lines
A 4
cri(ak) 4 4}
I(xk)_d2 ﬁ;) 32
16 y

crQ(ak) %L»G aa d

Q(xk)_d2

crl(ak) m
s
crQ(ak) w ): y(
NN value / I : C
crwindow 1(k)_d2 16
32

QuK)_d2 £ 2 *F*@i’;’

limit to +
xmax f

limit to +

enable for the four .
accumulators formatting:

[1,23,12]
3

right shift
NN bits

pfdAvgNum

pfdAvgDen

formatting:
36/[1,23,12]

right shift
NN bits

) ) A xS
input registers are |
present on crwindow
multipliers should be a power of 2 in the
The xmax values do take into range of 128 to 2048
account the power scaling in counts all reset for the accumulators
the sample design and symbol counter . .
symbols y asserted if the value is 2
symbol comparator to ) T crWindow value
counter crWindow — J ™
sampling
; formatting: compares enable for the
typically 0.85 1,18,15] integer parts output
crThreshold e i

output is ‘1’

R ifB2A

comparator
B

right shift
pfdAvgDen S 34 15 bits

gain: formatting: [1,15,0]

xmax: formatting is [1,5,10] pfdAvgNum W
which is [sign, integer, decimal i 34 ing:
[sig g I ga|n7146> formatting:

[1,33,0]

Rules for the accumulators:
For square gam -> xs cumulates the energy of every symbols, as, I(ek) and Q(ek) cumulate values for the diagonals only.

For cross gam - xs cumulates the energy for all diagonals, including the points that would be on the diagonal extensions. I(ek),
Q(ek) and cumulate values for the diagonals only.
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A NEW FREQUENCY LOCK DETECTION

Thank you
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