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Lecture - 28
Multiple Access -3

Welcome back again, we were talking about the multiple accesses different techniques

out of that we have covered FDMA.
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Time Division Multiple Access (TDMA)

In TODMA

Transponder resource (Full bandwidth and EIRP) is
shared by one terminal at a time

by compressing continuous input rate into high bit rate
bursts

- TWTA can be operated near saturation
- no intermodulation, as there is one carrier in transponder

at atime
b

SINgle carner &) »

Saturation Power - oo
out OBO

IBO

And we are discussing the time division multiple access TDMA and we started the
discussion in the last period, now we will continue on TDMA. So, in TDMA we were
telling that a since single carrier is given to a, | mean single user is given the full
resources of the transponder as is in terms the bandwidth and power, you can operate in
the saturating region and therefore, the maximum power you can operate. Whereas, in
case of FDMA you have to operate linear region because multiple carries are there and in
non-linear region that will generate spurious. So, that is one of the biggest advantages of
TDMA.
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As the Interleaved bursts are received,
receiver needs time to find information contained in bursts

Some time is needed to properly identify the data in a burst

Search and find carrier frequency
Carrier Recovery (CR) time

Search and find transmission bit timing and synchronize the
bits with the recovered bit timing or clock
Bit Timing Recovery (BTR) and bit synchronization time

Now, in terms of time interleaved bursts that will be transmitted down to the ground the
receiver needs to find the information which the information, where it is the information
meant for him in the bursts. So, let us see what is the additional information that has to
be sent along with the data. There are for the receiver some time will take to properly
identify where is properly identify a bursts; a demodulator has to identify where is the
bursts in terms of frequency? So, it has to search and find where is the carrier frequency?
Because the demodulator might be having some (Refer Time: 01:58) frequency (Refer
Time: 02:01) frequency in free adding conditions and suddenly at the input another one
carriers come which may have a slightly different frequency, because of various reason
because this receiver and transmitter and inter training thing, there may be different in
frequency. So, it takes some time. So, that time is called carrier recovery time, there are
techniques available how to recover. We are now discussing about technique right now,

let us see it takes some time. So, that is an additional time.

Now, then after finding the carrier, you have to find out where the transmission of the
bits are occurring. So, the we have to search and find the transmission bit timing, and bit
timing that was a frequency is the bit timing and synchronize your local bit clock which
that recovered clock is to be as we found. So, is called bit timing recovery that is the bit
timing to recover the bit timing you needs some extra time, and the synchronized to
them. So, it is called BTR.
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Search and find the Unique pattern at the start of the bit stream
Start of data detection Time

Search and find burst timing for the network and start of Frame
containing network of bursts
Find burst clock and frame synchronization time

As different station transmission clock may vary in phase, and
frequency stability, each burst are separated by some time
Guard time

And then after getting the bits, you do not know exactly where because you are lost some
time. So, you do not know exactly where the, your data starts. So, to beginning of the
data there is sink pattern or unique pattern is given. That is called search and find out that
unique pattern at the start of the bit stream like a frame as a header. So, this header is
unique pattern. So, the start and detection time of the data. Data start time has to be
detected is called unique word detection time. And then in a total frame, when you have
to transmit get search and find the burst timing for the network and start of the frame
containing the network bursts, see is station is switched on and some TDMA network is

running in that transponder.

So, you should know where that the frames of this are the transponder the frame where it
has started? Because if a receive is looking you will receive continuously data burst one
after another now which data bursts is from whom there has to be identification. So, they
identify in terms of frame. So, timing is given to each frame, sometimes is given to each
station to find out the frame timing. So, you have to find the bursts clock and the frame
synchronization time and as the different station transmission clock, may vary in phase
each a station clock timing as well as phase may vary. So, when it reaches at the satellite
the bursts may drift this way that way cheater. So, they should that overlap. So,
therefore, there has to be a certain guard time giving just like in terms of FTMA we had

given guard band, here in frequency here you have to give some guard time.
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So, these are given certain extra times which are required the you can see in a satellite
there is on another transponder, if it is continuously looked you can see that the TDMA
frame with five different station A, B, C, D, E is shown here there is a reference bursts
and then say first burst time is given to station B second one for station A and then D and

E and C like that, and it repeats after.

So, there is a frame here one reference to the beginning of the next reference, this we call
frame which is being repeated and each individual bursts is having certain guards that is
guards time that is guards time here it depends on the burst of the of the burst from
which station there are clock cheater. And then each individual station bursts as
information like carrier recovery time CR, bit timing recovery time BTR unique word is
there then, user station data is there actually data is sitting here. Similar the reference
burst which says the beginning of the frame we have CR BTR u required reference
station. If they if it as transmit data mean for all this is the reference station data now
these extra things that is the guard times and then this is that overate including the unique
word and the reference bursts are not useful bits they are not the useful bits which are

been exchanged. So, these are the losses.
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All the above times can be counted in terms of number
of bits at TDMA transmission bit rates

Since these are not actual information bits, but is
required for efficient network operation,
these are called overhead bits

CR, BTR and UWD bits are put together and called
preamble bits for each burst

Network timing burst is called Ref, burst
For reliable network operations more than one Ref
bursts may be used per frame

Let just look at it the above times can be counted in terms of number of bits in TDMA
transmission bit rate, since these are not actually information bits that is required for

efficient operation of the network these are called overhead bits.

Now, CR, BTR unique word detection bits are unique word bits are put together are
called preamble bits for each bursts, that is each user bursts there are preamble bits
similarly there is a reference burst which contains the similar thing in addition certain
network reference of network operation information are there. So, total reference bursts
are not user bursts user is not exchanging that is operation for the network that is also a

overhead for the network.
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Frame Efficiency of TDMA system can be estimated as,

n numbur (_)f useful bits «100%
number of possible bits

-1 overhead bits  100%

 total possible bit in a frame

Total number of possible bits in a frame
= Frame time x TDMA transmission rate

The frame efficiency of the TDMA system can be estimated as eta f that is frame
efficiency is number of useful bits which is user is exchanging divide by number of
possible bits; that means, the overhead is our loss in terms of percentage. So, it can be
expressed as number of useful bits is 1 mines overhead bits of the possible bit in a frame.
Total number of possible bits, bits in a frame is frame time and the TDMA transmission
rate. So, if we total frame time is known and the TDMA transmission rate is known then

you can find a total number of possible bits that is the denominate.
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Assume, in each frame,

Number of Ref bursts = 2, Ref. burst = 576 bits,
Preamble for each user burst = 560 bits,

Guard time equivalent number of bits = 128 bits
For 2 msec frame time and 95% frame efficiency,
find number of user bursts that can be supported
when TDMA transmission rate is 120 Mbps

overhead bits
" total possible bits in aframe
overhead bits = bits in reference bursts

+ ltotal preamble bils

+ lotal guard time equivalent bits
2x576 +nx560 4+ (n+20128

0.002 x 120 x10°
n«153~15 o

n =1

0.95=1-




Let us take some quick examples. So, that we understand the meaning of each example
there is assume in a each frame there are two reference bursts. Two reference bursts that
put because in case of one reference bursts failure, there are network synchronization
failure people cannot communicate because they well know where the frame start is. So,
therefore, normally there are two different bit stations are there who transmits at two
different locations were two bursts each reference bursts is 5, 6, 7, 6 bits these are some

entellus types of TDMA numbers, practical numbers.

Preamble for each user burst for 560bits rest of the bits in a use of bursts is a useful bit.
This is the preamble bits that are overhead bits, you have reference bursts 2 times of
reference bits and users preamble in times if there are end users and guard time
equivalent bits are 128 bits. Let us take a 2 millisecond frame time and efficiency of 95
percent and of course, the bit rate is a 120 mega bits per second that is a transmission rate
or the user busts. So, total number of bits can be calculated because a frame time is given

and bit time is given.

So, efficiency is we have seen this expression one mines overheads bits by total possible
bits in a frame and overhead bit’s are bits in reference bursts total number of preamble
bits and total guard time equivalent bits and the efficiency is 0.951 mines 2 times the
reference busts 2 into 576 n times the 560 bits that is a overhead preamble per busts and
n plus 2 because 2 reference bursts are there. So, between the reference bursts also have
been guard time and. So, n plus 2 into 128 and since n users are there. So, n user bursts,
128 guard time’s n plus 2 times the guard bits divided by the bit rate multiplied by the
frame time. So, here comes out to be n is equal to 15.3 obviously, the lower number has

be given this argument has been explain to you in FTMA. So, fifteen users are possible.
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In the previous case, if number of bursts are 12,
then find TODMA transmission rate

095=1~(2x576 +12x 560 + 14 x 128) /0.002x R

R = 96.64 Mbps

Let us see if the number bursts are 12 and then what is the transmission rate you can find
out efficiency is known 12 bits and then frame time is given. So, you can find out that

any number is missing you can find out those.
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Capacity estimation

letual inf . rate in TDMA

" Total numb er of bits in a frame — overhead bits in a frame

frame time

. [ overhead bits )
= IDMA transmission rate = | —————————
frame time

For all voice circuit case,

y TDMA inf ormation rate
Number of volce channels - -

voice channel bit rate

Yes, now when you do the capacity estimate let us do in terms of here in terms of let us
say voice circuit. So, actually information rate in a frame is total number of bits in a
frame minus overhead bits in a frame divided by frame time. So, information rate in a

TDMA that is TDMA transmission rate mines overheads bits by frame time for voice



circuit. So, TDMA information rate information rate and transmission rate are not same
and you have to remember that because they have overhead. So, TDMA information rate
divided by voice channel bit rate is 64 kilo bits normally taken. So, you can take the
voice channel number of voice channel a if the voice channel bit rate code x are used it

can be different.
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In a TDMA system having each burst preamble = 560 bits,
Reference burst size = 576 bits, no. of reference bursts = 2
Guard time = 128 bits,
TDMA Transmission rate = 96,64 Mbps,
voice channel rate = 64 Kbps
Find number of voice channels
TDMA il o rate,
R, = 96.64x10° 2x 5764+ 12x560 + (124 2)x128
0.002
91808 x10° bps
« L]
No. of voi ce Channel 5 = 8 | 2L0IRLY
R, 6410’
= 14345
= 1434 channels Y

Let us take a quickly calculation that is that is a TDMA system having each burst
preamble is 560. Similarly to last one reference burst size 576 bits number of reference
bursts 2 just like last time guard time is 128 bits, TDMA transmission rate is 96.64 and
voice channel rate is 64 kilo bits number of voice channel you have to find how do you
proceed that is TDMA info rate h you that is information rate transmission rate is given
find out the information rate base on the expression it comes out to be in this case 91.8
mega bits per second. So, that divided by the voice channel rate here given as 64 kilo bits
you get 1434.5 channels. So, the lower numbers is to be given 1434 as to be taken as

number channels that.
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TDMA Synchronization

Network of stations are sharing the transponder in terms of time,
Transmission from stations reaches transponder at different time
Time synchronization among the stations is important

Estimate the range delay from transmitting station to satellite
This can be done by detecting the Ref. burst Unique Word

Use repetition of Ref. burst at frame rate to synchtohize
local Burst clock

Adjust the burst transmit time such that burst reaches
satellite Iin the next frame at the allocated time slot

But there are important issue in TDMA is synchronization their particularly the network
synchronization this network of station, they are sharing the transponder in terms of time.
So, they must transmit with the synchronized bursts clock the transmission from station
reaches the transponder at different time that is the idea. So, that in the frame it has to be
put in proper time internet. So, this time synchronization among the station is very
important now for that from individual stations they are at different locations the range
delay is different the delay from the station to the satellite will be different from each
station the delay comes it to play. In this case this can be done by sending and receiving
your own burst or it can be done by detecting the reference unique word burst. Now you
have to other TDNA frame has to be synchronized in terms of reference bursts which is
at the frame rate and from that you have to find out burst clock, and at that rate
transmission has to decrease now to adjust the burst transmit time this burst must reach

the satellite in the next frame at the allotted time slot.

So, first you have to detect where is the reference input burst and based on that you have
to transmit and you should know the range, but exactly the reception of you are unique

word burst are the reference burst may not be the seem as the allotted burst time.
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D= mf 2P
F is frame time, P is propagation delay, select m integer such that
Burst Transmit at time = D + allotted slot time from ref burst, T

Let us look at it the way what | am telling, let us look at it example see at the satellite
this are the satellite this are the frames f is standing for frame and the beginning of the f

is reference for the bursts is appearing. So, these are frames.

Now, at the satellite some reference was same frame is there the reference bursts will be
received after a delay propagation delay p at a user station. Now from the reference
bursts at the satellite it is already allotted that this particular user station is a user a
station after. So, much time it has to reach. Now since the propagation delay has to be
brought into picture it would find out that from a reference station reception of the
reference bursts after how much time you should transmit. So, that calculation is shown
here in the form of a picture. So, when you receive the reference bursts actually it is time
delay is of that 225 millisecond and this frame timings are of that of two millisecond four

millisecond like that its very, very small compare to that.

So, by the time you receive couple of frame by the past. So, you do not know where you
will be reaching. So, only propagation delay is known to you and then, let us assume that
aft assume that you are your self is a reference bursts you are transmitting then, with
respect to the reference bursts the allotted time t is to you if you transmit with respect to
that reference bursts you will reach the satellite with the propagation delay after
reference bursts. So, if this is in times the frame which your imaginary your reference

your reference station. If you are which will reach the satellite exactly at the reference



station reception the at the reference station reception at the satellite, it is the other

reference station transmitting.

Now here it is imagine that you are transmitting with respect to that after time t, but this
point is not known to you. This time is not known to you with respect to the reception of
the reference bursts what you have received this time has to be calculated, but in this we
can equate that m time f m is unknown m time f could be the propagation delay
reception, propagation delay transmission. So, two times propagation delay and this
unknown d and your allotted time t. So, this can be equated m time f is equal to p plus D
plus T plus P. So, you can reach at the reference bursts and then, after t you will reach
there. So, you can find out d or t plus t any one of them, but here d is unknown and m is

unknown. So, you have to do it iteratively.

So, if you put into expression the d becomes m time f mines 2 times propagation delay
propagation delay has to be known to you, either by your on ranging experiment or by
knowing the satellite position and your position there may be some error because satellite
will be drifting on the broad castigation based on knowing the satellite drift it can model
and send you at that particular time along with the reference bursts what is your
propagation delay that you will get. So, somehow you have to know the propagation
delay burst then, frame time is known to you. So, only this small m that is which is
integer number of frames and d is unknown. So, you have to iterate this, that f is a frame
time p is propagation delay, select m integer such as the t is less than the frame time and
then once you know that bursts transmit time t with respect to d is the d plus allotted slot
time from the reference bursts. So, from the reception reference bursts d plus t is the time

when you are transmitting.
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Example

A station is allotted to start its burst 1.5 msec from start of
reference frame having frame duration of 4 msec
Estimated station to satellite propagation delay is 125 msec
Find burst transmit time after reference burst reception

D= (m x F)~ (2 x propagation delay)

= (63 x4)~-(2x125)=2msec
For D less than one frame duration, i.e, 4 msec,
integer m is taken as 63

Burst transmit time from reception of frame sync will be
= D+T=2+15=35msec

—

Let us take a quick example a station is a allotted to start its burst at 1.5 millisecond from
the start of reference frame having frame duration of 4 millisecond estimated station to
satellite propagation delay is 125 millisecond find the burst transmit time after reference
burst reception at that particularly station. So, d is m into f minus 2 times propagation
delay and the by iteration you go on changing m. So, that. So, that d becomes less than
the propagation delay time, and the for d a less than one frame duration that is from 4
millisecond integer m can be taken as a 63 and d comes out to be 2 millisecond. So, your
actually transmission time is d and 1.5 millisecond from the reference burst. So, that is 2

plus 1.5 is 3.5 millisecond.
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Detection of Unique word identifies

Start of data burst (reference or user burst) beginning
This is also used for time mark for reference burst and
this reference time mark per frame is used for

burst clock synchronization

Rx data & Clock

Shift register ]

l UW detect pul
ICompare bit by bit }_, W detect pulse

[Locally generated Unique word pattern ]

Now, this is the network synchronization part and, but in all these process you have to
detect the unique word, which tells you where the data burst start or reference burst data
starts. So, detection of the unique word is very important unique word is beginning of a
burst. Where they actually data is there this is also used to time mark for the reference
burst and this reference burst time mark per frame is used for burst clock

synchronization.

Now for the network synchronization part times, but your detection of the unique word is
important how it is done that is, you put the receipt data and clock it in to a shift register
and you know what is the unique word pattern transmitted? It is known to all station. So,
locally generated the unique word and keep in a register and compare the received
pattern with this locally unique word pattern bit by it and you get a unique word

detection pulse simple this must be known to you.



(Refer Slide Time: 21:58)

UW detection depends on Channel BER
Due to error there could be a detection miss
or there could be false detection

Probability of False detection can be reduced by looking over
a small time window when the UW is expected

This is known because frame duration is known apriori and

it Is fixed for a network with known traffic

[ Recewved Frames containing referance and user bursts ] .

[71L : [\ Wen L ﬁi}__

F >

Compare bits only within time window
Window repeats at Frame rate

The problem is that what happen if the error occurs there may be error in the unique
word or the data. So, unique word detection depends on the channel bit rate and due to
error there could be detection miss. If it is the error is occurring at the unique word itself
or in the data pattern if due to error one of the portions of the data looks like a unique
word then it is a false detection. So, there it is two probabilities there is a miss detection
probability and false detection probability both are based on the channel b e r also based
on the size of the unique word probability of false detection that can be reduced by
reducing a window through which you check because unique word is not always

happening. It is expected after referring time and the frame size is known to you.

So, therefore, you can generate a time window once you detect a one unique word you
can generate the next unique word detection time window. So, in the data portion if there
is error and it creates like unique word you not looking at it. So, this unique word time is
expected because frame duration is known a priori and it is fixed for a network with a
known traffic. So, let us pre put it pictorial that is received frames containing the
reference bursts and the user busts going through shift access as going out and unique
words windows are generated. So, let say you get a unique word in this window. So,
after a frame time minus the unique word size are a slightly size is larger than that
because, if there is some error in the in your clock. So, better put a extra n bits over that.

So, here the other unique word will appear.



So, compare bits only within the time window. So, in between during this time you are
not looking for the unique word. Because, this is supposed to be data and in the data
because of error if some patterns look like unique word and not looking at it. So, you are

looking at the location where the unique word.
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Probability of miss detection can be reduced by
allowing small amount of error in the UW up to
a threshold number &

Therefore, your false detection probability can be improved, now probability of miss
detection of course, can be reduced by if there is one error you can tolerate, if there are
two errors; you can tolerate.
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Probability of UW detection P
with BER of p, UW length of n and detection threshold = ¢
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If there is epsilon, number of errors you can tolerate depends on how much tolerance in
your system you have that is you can put a threshold of error tolerance and this
expansion is known to you. That is miss detection probability is 1 minus p that is
probability of detection and which is with tolerance | is equal to epsilon plus 1 to n and n
IS a header size and the n c i. Small p is the probability of BER. So, p to the power I
1minus p to the power n minus | and the probability of false detection is 1 by 2 to the

power n | is from O to epsilon.

If you have epsilon for tolerance and n c i, based on probability of miss detection we
have reduced the probability of false detection. So, in some cases people do not tolerate
the errors. So, epsilon is 0. So, this summation has to be one to n that is the header size
or unique word size in some cases the tolerance is there. So based on that you can have
miss detection probability calculation, these two are the important design criteria for the
selection or the length of the unique word and of course, the pattern of unique word will
depend on the auto correlation function when (Refer Time: 26:08) function etcetera for
the unique word. Since time is up we will continue a discussion in the next period for the

time being.

Thank you very much.



