TO: List DATE : January 14, 1985
SQ: 85-02

FROM: Shahid Qureshi

syBJeEcT: Note on Reduction of Future V.32 Analog Circuitry

Attached are handwritten notes on a subject that I have been contem-
plating off and on (in my spare time) for the last few months. Please
let me know if you have any questions. I can review the subject with
all of you if you so desire. Comments are solicited.
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TOo: List : DATE: February 11, 1985

]
™ 1. &
FROM: Fuyun Ling 4 -7

supJecT: Implementation of Digital Interpolation

This memo provides a practical design of a digital interpolater,
which can be used for future V.32 modems as proposed by Shahid
(Jan. 14, 1985 memo) and Dick (Jan, 17, 1985 memo).

It is shown in this memo that the digital interpolation stage
(including AGC and PLL) requires ahout 160 - 180 SPE cycles,
and hence it is feasible using the present hardware.

Please give me your components and suggestions. I wish to implement

it for lab testing to see whether it will be included in Gen. 2 V.32
design.
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T0: Fuyun Ling DATE: February 22, 1985
FROM: Shahid Qureshi SQ:85:26

SUBJECT: Timing Recovery in Conjunction with Digital Interpolation

Please review and comment on the attached note.
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s

Timing Recovery in Conjunction with
Digital Interpolation

I have given some more thought to the problem of timing
recovery when the receive samples are obtained by digital inter-
polation instead of the usual S/H and A/D driven by RXSMPCLK.

In this note, let us concentrate on the V.32 Gen 1 based imple-
mentation.

First, let us briefly review the problem. Samples of the
echo canceller residual signals are available in the TXSPE. These
samples are timed according to TXSMPCLK and can be obtained by
analog or digital subtraction. If analog subtraction is used then
TXSPE must also control at least a rough AGC circuit to ensure that
the residual signal occupies about one half of the A/D full scale.
Digital subtraction is preferable because the residual signal
samples are then available as l6-bit numbers and the AGC function
can be left to RXSPE. 1In any case, each TX symbol interval, 3
residual samples must be passed from TXSPE to RXSPE. This can,
of course, be accomplished by hardware means, e.g. via a register
written by TXSPE and read by RXSPE, using TXSMPCLK interrupt to
RXSPE instead of RXSMPCLK interrupt. However, a software trans-
fer through the MPU is preferable. Each TXTASK, the TXSPE can
load 3 samples into the TXSPE output queue (in addition to its
usual output), and the MPU can read these samples and load them
into a residual sample delay line or queue in the RXSPE (this
gueue can replace the current RX A/D sample buffer),

The proposed method is based on the premise that it is desir-
able to make as little change as possible to the current system
particularly the MPU state machine and software structure.
Fortunately, the capabilities of the PTT allow us to do just that
and still convert our system from analog to digital interpolation.

The MPU gets RXSYMCLK interrupts from the PTT and assigns an
RXTASK to the RXSPE as usual. However, the MPU sends some addi-
tional information to the RXSPE through the RX task queue. This
additional information tells the RXSPE the relative displacement
of the receive sample time from the transmit sample time which is
desired to be made. Fortunately, this information is readily
available from the PTT. Each of the PTT trackers contains a so-
called NETCOR counter/register. The NETCOR counter in the RX
Tracker in the PTT provides a total count of adjustments made to
RXSMPCLK in TRICLK periods. Each time NETCOR is read by the MPU,
the count is reset to zero and the accumulation of adjustments
begins again in units of Tg/640, where Tg is the sample interval
for a sample rate of 7200.



The NETCOR counter in the TX Tracker operates in the same way.

Of course, if the transmitter is operating in internal clock mode
there are no adjustments made to TXSMPCLK and TX NETCOR remains
zero. In this case, the MPU can obtain the relative displacement
of the receive sample time from the transmit sample time by
reading RX NETCOR each symbol interval. The MPU can then supply
this desired adjustment to the RXSPE, through the RX task gqueue,
for use by the RXSPE in computing the receive samples from the
echo canceller residual samples by digital interpolation. If

the transmitter is operating in external clock mode, then the MPU
must read both RX NETCOR and TX NETCOR each symbol interval,
subtract TX NETCOR value from RX NETCOR value and pass on the re-
sult to the RXSPE. The RXSPE uses this value as before to adjust
the RX sample timing for digital interpolation. Further, the RX
samples obtained by digital interpolation are used in the receiver
as usual for equalization, timing recover, etc. The timing error
computed by the timing recovery algorithm is provided to the PTT
as usual via the MPU. The PTT proceeds to make adjustments to
RXSMPCLK (and RXSYMCLK) keeping the count of adjustments in NETCOR.
RXSYMCLK is used to interrupt the MPU which triggers RX TASK in
RXSPE and supplies the net adjustment to be made to RX sample
timing as described above. This closes the timing loop.

Note that in the method described above, there is no need to
keep a parallel software PLL in RXSPE or to attempt to close the
loop with the PTT by monitoring the depth of the residual sample
delay line. The only RX PLL is in the PTT, timing adjustments
made there are used to generate RXBITCLK and RXSYMCLK. These very
same adjustments are also used by the digital interpolator, which
in turn keeps depth of the residual sample delay line in a desired
range.

Modifications and additional steps required each symbol inter-
val are summarized below:

TXSPE

o Store echo canceller residual samples in TX output queue
to MPU instead of the analog interpolation D/A buffer.

MPU

TXSYMCLK Interrupt

© Retrieve echo canceller residual samples from TX output
gueue in TXSPE and transfer these samples to residual
sample delay line in RXSPE.

RXSYMCLK Interrupt

o Read RX NETCOR and TX NETCOR values from PTT. Subtract
TX NETCOR from RX NETCOR and transfer result to RX SPE
through RX task gueue.



RXSPE

Update receive sample time using the
RX NETCOR - TX NETCOR

value as the adjustment.

Use digital interpolation to compute three receive samples
using the sample timing computed above, and adjust each
sample according to AGC gain value. (Note care must be
taken here to preserve accuracy, €.9- compute interpolation
filter output then gshift left as appropriate before applying
AGC gain value less than 1).

Timing recovery as usual with timing error feedback to PTT
via MPU as usual. Other algorithms also operate in the
came way as at present. of course, RXSPE A/D interrupts
are disabled and AGC gain adjustments are performed 1in
software.
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TO:  [qsd DATE: April 18, 1985
FROM:  Fuyun Ling FL 3-85

SUBJECT: On Control of Digital Interpolator

According to the suggestion by Sri, I wrote this memo to explain
how the digital interpolater works, when Tx clock and Rx clock are

different. Further discussion and comments are very welcome.
/ej

List:

. Sridhar
Chalmers
Kline
Schissler
Payton

. Qureshi
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FROM:

SUBJECT:

List DATE: July 1, 1985
Fuyun Ling ry diy

Digital Substraction/interpolation in loopback timing

I have summarized the present implementation of digital
substraction/interpolation and its problems in loopback
timing mode. Since I don't have a good solution to
it, and don't understand one of the problems yet, 1
need your ideas and comments. Please help.

/b

List: A. Chorro
J. Payton
S. Qureshi
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COaEeX TIEMIRAL

FROM: Fuyun Ling g} ¥

SUBJECT: Implementation of Digital Interpolation/Substraction

Attached is a summary of my recent work on digital interpolation/
substraction. The problem in loopback timing mode has been solved.

As a byproduct the performance in external timing mode is also improved,
Now I feel confident to say that it can be incorporated in Gen 1, Gen 2

V-32 or other product design. Welcome your further comments.,

List: Harvey Chalmers C-40
Alfredo Chorro (C-410
Vedat Eyuboglu C-40
Phil Giangara C-75
Mark Huntzinger C-40
Dick Kline C-40
Fuyun Ling C-420
Jay Pasco-Anderson C-410
John Payton C-410
Shadid Qureshi C-40
Robert Schissler C-410
M. Sridhar C-410
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Memorandum M) mororora
To: List '

From: Fuyun Ling i; ‘J:

Date: October 9, 1986 FM.02-86

Subject; Digital Subtractor for Gen 1 V.32 Modem

In the past several weeks. We have done some final adjust-
ment to the Digital Subtraction/Interpolation Software.
The Gen 1 V.32 modem with digital subtractor is now fully

functional. The first software freeze has begun. In
this memo, I've described some of the modifications of
interest. The problems revealed in the digital subtraction

modem may also affect the present Gen 1 V.32 modem. Hence,
it may also be necessary to check for the V.32 even V.33
modems.

"Even though you only touch a hair, the whole body may
move." —~Chinese Proverb.

FL/ejwg

List: Shahid Qureshi Cc2-140

: Jack Moran C2-80
Royal Laurent C2-90
Rich Posklensky C2-80
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John Greszczuk C2-140
Jay Pasco—-Anderson C2-140
Rashid Chaudary C2-80
Bob Schissler C2-100
M. Sridhar C2-90
Carol Bargoot C2-90

(4763 Stan Ivas C2-80
Rich Kumpf C2-100

Neil Sheer C2-100



AGC Parameters:

The AGC subroutine in the V.32 modem is basically
the same as the one in R400/2600 modems. However,
the AGC routine is called every baud in the V.32 modem
instead of every other band in the R400/2600 modems.
In order to obtain the same response time, some paramet-
ers were changed to accomodate this. The time constant
of the AGC routine is affected by the parameters of
the '"leaky'" integrators of the routine. Namely, a
leaky integrator has the following form:
A (n)=w.A (n-1) + X (n)

The time constant of the integrater is approximately
equal to t = T /(1-w), when the subroutine is called
every T seconds. Obviously, in order to have the
same t, 1/(1-w) for the V.32 has to be twice as large
as the 1/(1-w) for the R400/2600 modems, which call
AGC every other baud. On the other hand, the average
value of A is also proportional to the quantity 1/(1-w).
As a result, A in the V.32 modem is also twice as
large as A in the R400/2600 modemns. This increase
in magnitude actually causes saturation in the quantity
EAGC. We have changed the value of w close to the
value used in 2600/R400 modem. The time constant
t is now reduced to half of the value before. of
course we have to change the adjustment threshold
ETHR and adjustment step size C accordingly to ensure
normal operation. (ETHR reduced and C increased).
This will cause a faster responce time. But I can't
think of any bad effect yet.

Catastrophe Detector:

The Catastrophe Detector has been described quite
clearly in the July 27, 1984 memo by Mark Huntzinger.
I have restored the 2600/R400 parameter to the V.32
modem. Due to the modification made in VITDEC previous-

ly, the metric inm V.32 VITDEC is twice as large as
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in the 2600/R400. The parameters related to the metric
are LMBIAS and PHROT. Considering the larger value
of the metric, LMBIAS should be twice as 1large and
PHROT should be half as in the 2600/R400. Since the
signal constellation in the V.32 Modem is not as dense
as at higher rates. I tripled LMBIAS (instead of
double it), while cut PHROT to a half. I also reduced
AUGH to 480H from 51FH. It seems the larger LMBIAS
and smaller AUGH give us better noise immunity. I
believe the V.32 Gen 1 modem with analog subtractor

should also change these values accordingly.

Discontinuity in data buffer due to '"exact" timing
Jjam.

One problem unique to the digital subtraction V.32
modem 1is due to the fact that, when we do a timing
jam, we move the get-pointer of the input data buffer.
This causes a discontinuity 1in the equalizer delay
line. The effect will exist until the discontinuity
has passed the phase splitting filter, or at least
its main tap. The problem is solved by delaying train-
ing the AA or AC equalizer by 6 Bauds. I describe
this problem here because I feel it may happen in

future new modem designs.

Call Progress:

Call progress has been implemented. It is found that
we have enough time to monitor <call progress using
Alfredo's software. The new more efficient version
of IIR filter may be included in the future.

Analog Scaling:

The statement I made before that 'the analog gain
should be adjusted to make the analog loopback (LAL)
work properly" is not correct. The accurate statement
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should be, '"The analog gain should be adjusted to
avoid saturation at highest recieved signal, namely
back to back connection." It was shown, both analyti-
cally and experimently, a 3 dB downward adjustment
is necessary to avoid saturation. The effect of this
adjustment to the modem performance at lowest received
signal level 1is still to be seen. Again, it may be
necessary to check the gain setting of the V.32 modem
with analog substraction. It has a gain of 6 dB higher
(or 9 dB high after the 3 dB adjustment is done) than

the digital subtraction modem. Will any saturation
occur?
The software has been frozen. The performance test can

begin. It's time for me to start something new.



