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POWER ADAPTION IN A MULTI-STATION NETWORK

BACKGROUND OF THE INVENTION

This invention relates to a method of operating a multi-station communication

network and to comumunication apparatus usable to implement the method.

International patent application no. WO 96/19887 describes 2 communication
network in which individual stations in the network can send messages to
other stations by using intermediate stations to relay the message data in an

opportunistic manner. In networks of this kind, and in other mult-statien

networks, it is desirable to control the output power of transmitting stations to

a level which is sufficient for successful reception of wansmitted data, but

v

which is otherwise as low as possible, to minimise interference with nearby

stations or with other users of the radio frequency spectrum.

Itis an object of the invention to provide a method of operating a multi-station

communication network which addresses the above objective.
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SUMMARY OF THE INVENTION

According to the invention there is provided a method of operating a
communication network comprising a plurality of stations able to transmit

data to and receive data from one another, the method comprising:

monitoring, at each station, the path quality between that station and

each other station with which that station communicates;

recording, at each station, path quality data corresponding to the path

quality associated with each said other station; and

setting, at each station, a transmission power value based on the
recorded path quality data associated with a selected other station
when transmiting data to said selected other station, thereby to
increase the probability of transmitting data to said selected other

station at an optimum power level.

The monitoring of path quality between stations may include monitoring at

least one of the path loss, phase distortion, time delay, Doppler shift and

multipath fading characteristics of a channel between the stations.

The method preferably includes transmitiing path quality data corresponding
to the path quality betwesn a first and a second station when transmitting other
data between the stations, so that path quality data recordad at the first station
1s communicated to the second station for use by the second station and vice

versa.
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The path quality at a station receiving a data transmission may be calculated
by comparing the measured pov:er of the received transmission with data in

the transmission indicating the transmission power thereof.

A station receiving such path quality data preferably will compare the
received path quality data with respective stored path quality data and
calculate a path quality correction value from a difference between the
received and stored values, the path quality correction value being utilised to
adjust the transmission power when transmitting data to the station which

transmitted the path quality data.

The path quality correction facior may be calculated by deriving rate of

change data from a plurality of path quality correction factor calculations.

The rate of change data may be utilised to adjust the transmission power
predictively when transmitting dzfa to a station whose path quality correction

value is detected to be changing over time.

The method may include monitoring, from a station transmitting data, the
background noise/interference a: a station receiving a data transmission and’

adjusting the transmission power value at the station transmitting data to the

receiving station, thereby to maintain the required signal to noise ratio at the

recelving station.

The method may include adjustng the data rate of message data transmitted

from a first station to a second station according to the transmission power

017240

.
Iy
£

AP/ jiud f-" 00



o

%
L

AP0 01142

value set at the first station and the required signal to noise ratio at the second

station.

‘The method may also include adjusting the length of message data packets
transmitted from a first station to a second station according to the
transmission power value set at the first station and the required signal to

noise raiio at the second station.

Each station preferably monitors the transmissions of other stations to obtain
path quality and background noise/interference data therefrom, so that a first
station monitoring 2 transmission from a second station within range of the
first station to a third station out of range of the first station can obtain path

quality and background noise/interference data relating to the third station.
The method preferably includes selecting, opporwunistically, a station for
transmission of data thereto according to the path quality and/or background

noise/interference data associated therewith.

Further according to the invention there is provided communication apparatus
g Pr

operable as a station in a network comprising a plurality of stations which can
transmit data to and receive data from one another, the communication’

. apparatus comprising:

transmitter means arranged to transmit data to selected stations;

receiver means arranged to receive data transmitted from other

stations;

AP/T/00701740
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signal strength measurinz means for measuring the power of received

transimissions;

processor means for reccrding path quality data corresponding to the

path quality associated with other stations; and

control means for eadjustng the output power of the tansmitter
according to the path quality between the apparats and a destination

station.

The processor means is preferacly arranged to calculate the path quality by
comparing data in received transmissions relating to their wansmission power
and/or a previously measured path quality with the measurements made by the

signal strength measuring means.

The processor means is preferably arranged to monitor at least one of the path
loss, phase distortion, time dslay, Doppler shift and multipath fading

characteristics of a channel berween the apparatus and other stations.

The processor means is preferal:ly amranged to exwact path quality data from
received transmissions, to comypare the path quality data with the measursd
power of received tansmissiors, and to calculate a path quality comection
factor from the difference theicbetween, the path quality corredion factor
being utilised by the control means to adjust the ourput power of the

transmiter.

AP/TI00 01740
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The processor means may be adapted to derive rate of change data from a
plurality of path quality correction factor calculations, thereby to compensate

for variations in the path quality between stations.

The processor means is preferably arranged to utilise the rate of change data to
adjust the transmission power predictively when transmitting data to a station

whose path quality correction value is detected to be changing over time.

Preferably, the processor means is arranged to store path quality data for each
of a plurality of stations and to set an initial transmission power value when
initiating communication with any of said plurality of stations according to the

respective stored path quality data.

The processor means is preferably adapted to monitor transmissions of other
stations to obtain path quality and background noise/interference data
therefrom, so that the apparatus can select, opportunistically, another station
for transmission of data thereto according to the path quality and/or

background noise/interference data associated therewith.

. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic diagram of a multi-station
communication network, indicating how an originating
station can transmit data via a plurality of intermediate

stations to a destination station;

AP/P' 00 01740
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Figures 2A to 2E comprise together a simplified flow diagram indicating
graphically the operation of the method of the
inventior..

Figures3to 6 are scherzatic block diagrams of apparatus suitable for

implementing the invention; and
Figures 7 to 9 are flow diagrams showing the power, modem data rate

and packet size adaption processes of the invention,

respectively.

DESCRIPTION OF EMBODIMENTS

The network illustrated schemeically in Figure 1 comprses a plurality of
stations, each comprising a transceiver able to receive and wansmit data from
any other station within range. A communication network of this kind is

cescribed in international patent application no. WO 96/ 19887, the contents of

which are incorporated herein by reference. The stations of the network

maintain contact with one anothe: using the probing methodology described in

_international patent application ro. PCT/GBS8/01651, the contents of which

- are also incorporated herein by reference.

1 v

Although the method and apparatus of the present invention were designed for
use in the above referenced communication network, it should be understood

that the application of the prese:t invention is not limited to such a network

K
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and can be employed in other networks, including conventional cellular or star
networks, or even in a two-way communication situation between first and

second stations.

In Figure 1, an originating station A is able to communicate with five
"nearby" stations B to F, and is frmsmitting data to a destination station O via

intermediate stations B, Iand M.

When any of the stations transmit data to any other station, it is necessary that
the transmit power used be sufficient to enable successful reception of the
transmitted data at the receiving station. At the same time, to avoid
unnecessary energy consumption and interference with other stations in the

etwork, or other communications systems in general, it is desirable to

minimise the transmission power utilised.

The problem of setting an optimum transmission power is complicated by
variations in the path quality between stations, which may be severe in the

case of stations which are moving relative to one another.

In this specification, the expression “path quality” includes path loss (also

referred to by those skilled in the art as transmission loss or path attenuation)

- Which is a measure of the power lost in transmitting a signal from one point
to another through a particular medium. However, the expression also
includes other parameters of the transmission path between any two stations,
such as phase distortion, time delay spread, Doppler shift and multipath fading
characteristics, which would affect the transmission power required for

successful transmission between any two stations.

AP/T100/017 44
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The present invention addresses this problem by providing a method and
apparatus for continually monitoring the path quality between stations and
adjusting the transmission power used when transmitiing data, so as to use just
enough power to ensure successiul reception of the transmitted data, without
transmitiing at a higher power thzn is required. In addition, other transmission
parameters, such as the equalisation and coding applied to the transmitted

signals, can be adjusted to improve the likelihood of successful reception.

When a station receives a cata package from a remote station it measures the
power or strength of the received transmission. This is known as the Received
Signal Strength Indicator (RSSI) value of the received transmission. In the
data packet from the remote station there is included data corresponding to the
transmission power used by the remote station. The local station can therefore
calculate the path loss (ie. transrrission loss or path attenuation) between the
two stations by subtracting the locally measured RSSI value from the
transmission power value in ary data packet. Whenever a local station

responds to a probe signel from a remote station, it will always indicate the

path loss it has calculated in th: response data packet. Likewise, the local

station knows that any data paskets addressed to itself will contain data

corresponding to the path loss m.easured by the remote station from the most

recent probe signal received by that remote station from the local station.

The local station will compare its calculated path loss with the path loss data
received from the remote siation, and will use the difference in the path loss
values to determine a cormrection factor to use when transmitting data to the

remote station, thereby to adapt its output power to an optimum level, or as

AP/T

100/0174

’
4

.



! '
K
e

AP001142

close to it as possible.

The first time the local station hears from the remote station it will use a

correction factor of:
Path., = Remote Path Loss - Local Path Loss

Thereafter:

Pathc,, = Path.,+(((Remote Path Loss - Local Path Loss)+Path. )/2)-
Pathe,,)

where the maximum adjustment made to Path.,, in both cases is 5 dB

- up or down.
Path.,, may only be 2 maximum of + 30dB.
The local station adds the correction factor Path,, to its measured path loss,

thus generating a Corrected Path Loss value when determining what power to

use when responding to the remote station. However, the Path Loss value it

_ places in the packet header is its measured Path Loss without correction.

If the local station does not get a direct response from the remote station after
ten transmissions then it must increase its Path.,, value by 5dB to a maximum
of +10dB. The reason for doing this is to avoid going below the noise

threshold of the remote station. (The Path.,, value is added to the measured

01740
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Path Loss. The adjusted Path Loss is then used to determine the required
transmission power. A smaller value for Path., will correspond to a lower
ransmission power. Therefore, if the Path.,, value is made too small or even
negative then the transmission power may be too low to reach the remote
station. It is therefore necessary to increase thé Path.,, value in 5dB steps until

aresponse from the remote statizn is detected).

The local station will also not increase its transmission power more than 10dB
above normal. This is to avoid swamping other swations if there is an error
with the remote station's receiver. However, if the local station does receive a
response then the maximum zdjustment may go as high as 30dB above

normal.

If the RSSI of the remote statior: is pegged it will set its Path Loss value in the
data packet header as 0 (zero). A station will not make any adjustment to its
path quality correction factor if either the remote Path Loss in the header is at

zero, or if its local RSSI is pegged.

Having calculated the Path Loss and the correction factor Path., the local

station can now determine the power required to transmit back to the remote

station. The remote- station also includes in every packet it sends the
background RSSI values for the current, previous, and next modem. The local
station will use the Corrected Path Loss and the remote background RSSI

value to determine what power to use when responding.

Each station has a minimum Signal to Noise (S/N) ratio level that it will try to

maintain for each modem. It is zssumed that the required Signal to Noise ratio

AP/P/00 ‘01740
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of all the stations in the network is the same. The local station will set the

power level for its transmissions such that the remote station will receive them

at the correct S/N ratio. If the local station has additional data to send, or if it

can operate at a higher data rate, then the required S/N ratio required may

vary.
Example |

Remote station Tx Power
Remote Station Background RSSI

Remote Station Path Loss

Local station Required S/N
Local station Path Loss

Path,

Corrected Path Loss

Local Tx Power

:40dBm
:-120dBm
:140dB

= Remote Path Loss - Local Path Loss
(Assume first time)

=140-130

=10dB

= Local Path Loss + Path,,

=130+10

=140 dB

= Remote RSSI + Required SN +
Corrected Path Loss ‘
=-120 + 25 + 140

=45dBm

.
Y
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From the above example it can be seen that the local station must use a Tx
Power of 45 dBm to obtain a remote S/N ratio of 235 dB. If the local station
can only set its power in 10 dB steps then it must adjust its power up to the

next step, ie. 50 dBm.

The power adaption process described above is summarised graphically in the

flow chart of Figure 7.

A station may have one or more modems. Each modem operates at a different
data rate. However, they all operate in the same channel, ie. frequency and/or
medium. Therefore when a station changes channels all the modems will be
available on the new channel. A channel may however have a minimum
and/or maximum data rate assoc:ated with it. For example if a station is on a
80 kbps probing channel it may not use data rates lower than 80 kbps.
Therefore it may not use the 8 kbps modem on that channel. In the same way
the 8 kbps probing channel may have a maximum bandwidth of 80 kbps,

therefore not allowing the use of the 800 kbps modem on that channel.

en a station is probing on a probing channel, it will use the data rate

associated with the channel. It will always probe on the channel and at the

power required to maintain 5 ne!ghbours.

When a local station responds tc the probe of a remote staden, or if it responds
to a data packet of a remote station, it will always try to use the optimum

modem for its response.

-
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A station will always try to respond at the highest data rate possible. The
highest data rate will be determined by the maximum data rate allowed for the
channel and by, the remote S/N ratio on the modem associated with that data

rate.

If a station can use a higher data rate on the channel, it will determine the
remote S/N for that data rate. If it can achieve that required S/N ratio it will
use the higher data rate. On the other hand, if the conditions are poor and the

station can’t achieve the required S/N ratio then it will remain at the current

‘data rate. When condition are very poor and the station can’t maintzin the

current data rate, it may even choose to respond at a lower data rate, if the
channel allows. It will only use a lower data rate if the S/N ratio of the lower
data rate is achieved. If the station cannot use a lower data rate, and if it is on
the lowest data rate available then the station will try anyway. However, if
there is a lower data rate available, but the station may not use it on the current
channel, then the station will not respond to the remote station. This will force

the remote station to find a lower data rate channel.

In summary:

- A station will switch to the next modem if the S/N ratio of the

next modem meets the required S/N ratio and the maximum

modem rate of the channel allows the next modem to be used.

- A station will switch to the previous modem if the S/N ratio of
the current modem is below the required S/N ratio and the S/N

ratio of the previous modem meets the required S/N ratio and

APT/00/01740
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the minimum modem rate of the chaanel allows the previous

modem to be usec.

The modem data rate adaption process described above is summarised

graphically in the flow chart of Figure 8.

When a station responds to another station it will always try to send as much
data as it can. The factors which limit the packet size are: spacing between
probes, maximum transmission sower, and the allowad tansmission duration

on a data channel.

In the prototype system, the base packet size is 127 bytes. This is the smallest

packet size that will allow data to be reliably transmitted between two stations.

(This assumes there is data to send. If a station has no data 1o send then the

packet will always be smaller thex 127 bytes.)

A station will use the base packet size under very bad conditions even when it
has more data to send. Thus if i+ is sending to a remote station which has bad
background noise, or is very far away, it will only be able to respond at the

lowest data rate (8 kbps), and at maximum power.

If a station can achieve a remcte S/N ratio better than the base value (Le.

Reguired S/N for 8 kbps), it r-ay start using larger packets based on the

following equations:

For a 10x baud rate increase it will multiply the packet size by a factor

.

AP/P/ 007017 4]
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Z. (Typically Z = 4)

Multiplier for packet size = Z'°%*? | where X is Baud 2/ Baud 1.

For a 10dB S/N increase, multiply packet size by Y (Typically Y = 2)
Multiplier for packet size = Y""'° where W is additional S/N
available. |

The values for Z and Y are fixed for the entire network. Typical values for Z

and Y are 4 and 2 respectively.

Example 2

- If a station can respond at 80 kbps at the required S/N ratio for 80 kbps, it will

then use a maximum packet size of 127 * 408000800 = 157 % 4 = 508 bytes,
If the station cannot fill the packet, it will still use the power required to
achieve the required S/N ratio.

xample 3

If a station can respond at 15 dB above the required S/N ratio for 80 kbps, 1t

will then use 2 maximum packet size of 127 * 4'°6E0000/8000) + 715710 197 x 4

* 2.85 = 1437 bytes. If the station cannot fill the packet it will drop its .

- transmission power to the level required for the packet size it will actually use.

For example, even though it could use a packet size of 1437 bytes, if it only
has 600 bytes to send to the other station it will adjust its Tx power to a level

between the required S/N and 15dB above the required S/N by using the

inverse of the equation """ to determine how much additional power it

AP/P/qo.lonl.n
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needs above the required S/N ratio.

It is important to note that even though 2 station may use a larger packet size
based on the available S/N ratio and data rate, the packet size may be limited
by the probe interval. For example, if the probe interval on the 8 kbps channel
is 300 milliseconds, and the max:murm packet size based on the available S/N
ratio is 600 bytes (which translzies to 600 milliseconds 2t 8 kbps), it can be
seen that a packet size of less than 300 bytes must be used, otherwise other

stations may corrupt the packet when they probe.

A number of factors must be taken into account when trying to determine the
maximum packet size based on the probing rate. These factors include: Tx on
delay (the time for the transmitter power amplifier to setile, and for the remote
receiver to settle), modem training delay (length of modem training sequence),
turnaround delay (time for processor to switch from Rx to T, ie. to process

data), and propagation delay (time for signal to travel through medium).

To determine the maximum racket size based on tha robing rate the
Y g

following equation is used:

Max Length (ms) = Probe interval - Tx on delay - modem training

delay - turnaround delay - propagation delay

The length in bytes can then be determined by:

Max Length (bytes) = Data Rate / 8 * Max Length (seconds)

APT/00701740
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Example 4

Probe interval is 300 milliseconds on 8 kbps chennel. Tx on delay 2
milliseconds, modem training delay is 2 milliseconds, tumaround delay 3

milliseconds, propagation delay 8 milliseconds (worse case for station 1200
km away).

Max Length (ms) = Probe interval - Tx on delay - modem training delay -
turnaround delay -propagation delay
=300-2-2-3-8

=285 ms

Max Length (bytes) = Data Rate / 8§ * Max Length (seconds)
=8000/8 * 0.285
= 285 bytes

‘The packet size adaption process described above is summarised graphically

in the flow chart of Figure 9.

Below is a table giving details of the format of Probe and Data packets used in -

the network of the invention.

AP/F/00/01740
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Format of Probe and Data packets

Variable |Bit Len 1Allows
Freamble ' £4;Mccem training sequence (1010105031070 eic )
Synci aimrs-: Sync Character used o Icck Ziog
1Sync2 8.Secznd Sync Charactar used (o leck Zilog
Sync3 8;Tnhir2 Sync cnaracter checked by schware
racket Size 18;Size cf packet from Sync3 undl lzs: CRGC
Size Check g:Pac<et Size Check = Packet Sizz MS8 XOR 3B
~rotocol Version 8:Protocal Version
;} racket Type & Paccet Type (E.g. Prcbe, Data, Key, eitc.)
N Sending 1D 32;Senzing Station ID
|Receiving 1D 32;Recziving Station D (0 = Broadcasi)

racket Number

13:Packet number

Adp Tx Power :

§:Senzing station current power in aom

Adp Tx Pzath Loss :

8:Palr. Loss measured et sending sizuon in B

Adp Tx Activity I

4:8enting siation current Activity Level

Adp Tx Antenna |

§:Sencting siation currant antenna conniguration

Adp Tx Bkg RSST-1

8;Senzing station RSSTin dBm <> Current Modem -4

Adp Tx Bkg RSSI

8iSencing station RSSIin dBm -> Current Modem

8iSenaing station RSST In dBm -> Current Modem +3

i
i
ACp Tx Bkg RSST+1 |
Adp Tx Spike Noise |

8iSpika Frequency & Level at sending siation

ACD RX Activity

4:Req.red Acuvity Level for receiving station

Adp Rx Channel

8:Reg.ired Rx & Tx Channel for recening siation

eader CRC

15{10 £ CRC for header data

Neigh Routing Flags

BBt C -InTrawic, Bit T - Gateway, B 2 - Cerl Autn

16{Size >irouting dalainbytes = 3 + 4 (Update) +Ds ™ 8

Neigh Scft Ugdate

52:Ecitrare Update Versicn (16) and Slock Numpbar (1%;

|
|
Neighbour Data Size |
|
|
|
I
|

- Neighbour Data INeich " (32 (ID) + 8 (TxPowerReq) + 4 (ModemReq) + 4 (Fiags) )
3 ) Facket Data §
o CRC 32,32 b CRC for whole packet, inciucing header
i
Preamble:

. This is 2 modem training sequence consisting of alternating 1’s and

0’s.

These are the thres Sync characters that are used to detect the start of a

AP/P/00 01740
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valid packet.
Packet Size:

This is the total size of the packet from Sync3 up to and including the

last CRC byte. The maximurm packet size that is allowed on a probing

s
R

channel is determined by the probing rate, ie. a station may not send a
packet that is longer (measured in time) than the spacing between
probes on the probing channel. The maximum packet size that is
allowed on a data channel is determined by thé amount of time a

station is allo'w'ed to remain on a data channel.
Size Check:

This is used to check the Packet Size variable to avoid any invalid

long packet receptions.

Protocol Version:

This is used to check which protocol version is being used. If the

software can not support the version the packet will be ignored.

Packet Type:

This defines the type of packet being sent. Another packet will directly

follow the current packet, if the most significant bit is set.

AP/TI 00 0174(
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Receiving ID:

This 1s the ID of the station to which the packet is zédressed.

Sending ID:

This is the ID of the station currently sending the packet. -
Packet Number:

Each packet that is transm.tted is given a new sequential number. The
number is not used in any way by the protocol. It is merely there to
provide information to a systems engineer. Each time the station is

reset, the packet number starts at 2 random number. This prevents

- confusion with older pack:ts.

Adp Tx Power:

The sending station’s curent power is given as the absolute power in
dBm, in the range -80dBm to +70dBm. (Field allows values from -128
dBm to +127 dBm)

Tx Path Loss:

This is the path quality as measured at the sending s:ation. Path Loss =
(Remete Tx Power - Local RSSI) of receiving swation’s previous
transmission. A value of € is used to indicate that the sending station’s

RSSI was pegged. The Path Quality is used as a comrection factor at

01740
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the receiving station, for the next time the receiving station transmits

to the sending station.
Adp Tx Activity:

This 1s the activity level of the sending station, measured as: Activity

= Watts * Time / (Bandwidth * Success) averaged over time.

Adp Tx Aptenna: .

This indicates the current antenna configuration being used by the
. sending station. Each of the 255 possible configurations describes a

complete antenna system, i.e. Tx and Rx antenna.

Adp Tx Bkg RSSI:

This is the current background RSSI at the sending station for the
modem that it is currently transmitting on. It allows for values from -
255 to -1 dBm. The value sent is the absolute value of the RSSI, and
the receiving station must multiply the value with -1 to get the correct

value in dBm. A value of 0 is used to indicate that the channel is not

available or is greater than or equal to 0 dBm. A value of 0 dBm *

cannot be used for adaptation purposes.

Adp Tx Bkg RSSI -1:

Same as above except for the previous modem.

AP/P/00 /0174
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Adp Tx Bkg RSSI +1:

Same as above except for the next modem.

Tx Spike Noise:
The lower 3 bits for spike frequency in Hz, 0 = none,
1,5,10,50,100,500, & > 500, and the next 5 bits for spike amplitude in
dB.

Adp Rx Activity:

If a station has a high activity level and is interfering with other
stations, they will use thic field to force the active station to drop its
activity level. If a number of stations request a drop in activity then the
interfering station will respond and drop its activitv. If no stations
request that such a drop, the active station will slowly start to increase
its activity level. Thus if z station is in a very remots area it will keep
increasing it activity level trying to generate conneciivity. If it is in a.

very busy area, other stations will keep its activity at a lower level.

In preferred embodiments of the invention, a station will always try to
maintain five neighbours, so that other stations should not nesd to
request that the station reduce its activity. However the feature has
been provided for cases where stations cannot reduce their power, or

increase their data rate any further, yet they still interfere with too
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many other stations.
Adp Rx Channel:

Allows 255 predefined channels. These channels are 'set for the entire
network. Each channel will have a probing rate associated with it (it
may be turned off, which makes it a data channel). Each channel will
also have a minimum data rate associated with it. The channels will
, have the Tx and Tx Frequencies defined. The channels may also be

defined as other media, e.g. Satellite, Diginet, ISDN, etc.

A sending station will request that another station move to a data

channel (ie. where probing has been disabled) when it has more data to

AP/F/00 /01740

send to the receiving station than can fit in the packet size allowed for

the probing channel.
Header CRC:

This is a 16-bit CRC check for the header data. It is the sum of all the
bytes in the header. It is only checked if the packet CRC fails. This is
provided as a means of determining which station sent the packet. If
the packet CRC fails and the header CRC passes, the data provided in
the header should be used with caution, since the Header CRC is not a

very strong means of error detection.

The Neighbour routing fields given below are not included in the

Header CRC since they may not be used unless the packet CRC is
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passed. This makes the routing less prone o errors.
Neigh Routing Flags:
= E= =

These flags are used tc enhance routing. They provide additional
information about the current station. Currently defined bits are:

Bit 0 — Set if current statizn is busy in traffic.

Bit1 - Set if current station is an Intemnet Gateway.

Bit2 — Set if current statizn is Certification Authority.

Bit 3 — Reserved.

Another byte of 8 bits could be added should more flags be required.

Neighbour Data Size:

Size of routing data in bytes. This includes the Neigh Routing Flags
and Neighbour Data Size (ie. 3 bytes). Another 4 bytes are added if the
Neigh Soft Update field .5 included. An additional 6 bytes are added
for each neighbour included in the Neightour Datz section. Neigh Soft

Update must be included :f any Neighbour Data is included.

Neigh Soft Update:

This is the current versior of update software available at the current
station (Upper 16 bits of eld) and the current block number available

(Lower 16 bits of fleld).
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Neighbour Data:

This Is the list of neighbours that the current station has routing data
for. Every time the current station receives updated routing data for a
station that is better than the data it had, it will update its own data and
include the station in this list in its next probe. The data section has

four sub fields for each station in the list: -
Station ID: 32 bit field with the ID of the neighbour station.

Tx Power Reqg: 8 bit field indicating the combined or direct Tx power

required to reach the Station ID from the current station.

Modem Req: Modem required by current station to reach destination

station.

Flags: Flags giving additional routing information for destination
station. Bit 0 — In Traffic, Bit I — Gateway, Bit 3 — Cert Auth, Bit 4 —
Direct Neighbour. The last bit indicates that the station in the list is a

direct neighbour of the current station.

Packet Data:

This is the data of the packet. It is made up of 1 or MOre segments.

The segments may be of any type, and may have oniginated or be

destined for any ID.

AP/P/00/0174(

™



o,

APOO01142

CRC:

This 1s 2 32 bit CRC check for the entire packet. If this CRC fails the
packet data is discarded, however the header data may still be

salvaged if the heacder CRC passes.

Enhanced method

The flow diagram of Figures 2A to 2D shows the process of measurement
and power control and calibreiion carried out in the network of Figure 1.
The originating station A measures the signal strength it receives from
station B. In addition, station A identifies station B from its transmission
headers and identifies which station it is addressing and what information is
being sent. Station A then rexds the transmit power and noise/interference
level embedded in station B’s header, thereby deriving from it the -power
level that Station B is using to reach the station it is addressing as well as its
local noise/interference floor. Siation A can then compute the path quality
from station B to station A by using its measured signal strength and the

declared power level of station 3.

If station B is responding to ar.ather station such as station C, station A can

¢ad from station B’s header its declared path quality to station C, thereby

deriving information as to fluctuating path qualities between stations B and
C, by simply monitoring the transmission of station B. In addition, since

station B declares its transmitied power in responding to station C in

conjunction with the path loss declared by station B to station C, it is.

possible for station A to com:ute the noise/interference fioor at station C

even though it cannot hear the ansmissions of station C.

»
~
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Station A may also use a noise/interference level declared by station B to
update its database to indicate the slow rate of change of noise/interference,
based upon past records at station B and also fast fluctuations that may be in
the noise/interference floor of B. Station A may then use the predicted
fluctuations in the path quality from station A to station B and the predicted
fluctuations in the rate of change of noise/interference in order to predict an
opportunity to transmit to station B. This is done so as to choose periods of
minimum path quality or minimum noise floor between siziions A and B.

Since station A is gafherlng data from other stations, for example stations B,
C, D, Eand F, it can decide whether station B provides the best opportunity,
or whether it should choose one of the other stations. In addition, it can
choose its data rate, packet duration and transmitter power based upon the
rate of change and duration of the fluctuations of path quality and

noise/interference that exist between stations A and B.

If station A chooses station B to transmit data to, it receives an
acknowledgement back from station B, and the information is ther
forwarded on from station B opportunistically to the other stations. It is
important to noté that by monitoring the transmissions from station B,
station A also has an idea of the path quality from station B to stations G, H,

I, J, K, etc., and other stations to which station B can transmit. By

monitoring those transmissions, it picks up the fluctuations in path quality

between station B and the other stations and an indication of the
noise/interference floor fluctuations of the other stations even if those other
stations are not directly monitored by station A. Using this technique an
opportunistic relay station can be chosen, taking not just the first hop but

two hops into account and, providing overall routing information is

=

AP/F/00/017 40



APCO1142

available, data can be routed effectively towards the destinetion station O.

Hardware _
Figures 3, 4, 5 and 6 show the basic hardware used to implement the
invention. These Figures correspond to Figures 8, 9, 10 and 11 of the

abovemenﬁoned international patent application no. WO 96/19887.

Based upon its "decision" to transmit, the main processor 149 will decide on a
power level data rate and packzt duration to use and will send this packet to
the serial controlier 131 and simultaneously through the peripheral interface
147 switch the transmit/receive switch 103 into transmit mode and switch the
transmitter on after a suitable celay. The Zilog chip 131 will send the packet
data together with a suitable header and CRC check via the PN sequence

encoders in block 128 or 130, dzpending on the data rate chosen.

The main processor 149 will embed in the data packet, as one of the fields of
information, data correspondir.3 to the transmit power it is using, which will
be the same transmit power as sent to the power control PIC block 132, which
in turn is used to drive the power control circuit 141, which in turn controls
the gain control and low pass filter block 143. This block in turn usés

feedback from the power amplifier 145 to control the drivers 144 and 142.

The sensing and gain feedback method allows a reasonably accirate power

level to be derived based upon the instruction from the power control circuit
141.

L — N
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Prior to switching the power amplifier on, the transmission frequency is
selected by the synthesizer 138, after which the power amplifier 145 is

instructed via the driver block 141 and the amplifier is switched on.

If power levels below the minimum power level provided by the power
amplifier 145 are required, the switched attenuator block 102 may be switched
in, in order to provide up to an additional 40 dB of attenuation. Therefore the
processor can Instruct the power amplifier to switch in an attenuator
combination to provide an output power level ranging from minus 40 dBm to
plus 50 dBm. When the amplifier is switched on, the processor obtains
informaton from the low power sensing circuit 101 as to the forward and
reverse powér, which is sent via the analogue to digital converter 146 and is
used by the main processor 149 in order to monitor the level of power being
transmitted. This information is then stored in the dynamic RAM 150 to
provide information as to forward and reflected power levels actually

generated by comparison to the level requested.

The amount of output transmit power will be affected by the efficiency of the
transmit power control loop (blocks 145, 144, 142 and 143) and the switched
attenuator block 102. In addition, any mismatch in the antenna 100 will also
result in varations in reflected and forward power. The relative power
actually output for various levels required can be stored by the processor in the
RAM providing a table giving requested against actual power output levels.
This can be used to allow the processor to use a more accurate power level
field in the information it provides on future transmissions, within rnéssages
or probe signals. Since the power level is varied from between minus 40 dBm

to plus 50 dBm there are effectively ten different power levels spaced 10 dB
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apart that may be transmitted. Therefore, the table stored by the processor will
have these ten power levels, with the requesied power level and actual power

level being in this range.

Any other station in the network: will then receive this twansmission via its
antenna 100. The received signal ‘will then pass through the low powel; sensing
circuif 101 and the switched attenuator 102, which initially is set for 0 dB
attenuatioﬁ. It will then pass through the 2 MHz bandpass filter 104, which
will remove out of band interference, and then passes into the preamplifier
105, which amplifies the signal before it is mixed down via the mixer 106 to a
10.7 MHz fF signal. This signal is filtered by the bandpass filler 107, and
amplified in the IF amplifier 10§ and further filtered and amplified in blocks
109, 110. 111 and 112.

The final filtering occurs at blocks 114 and 115, at which stage the signal is
measured at block 116 using the¢ narrowband RSSI function, the output of
which is used via the main processor to determine the signal strength of the
incoming transmission. This ther. allows the processor, if necessary, to request
the power control PIC circuit 132 to switch in additional receiver attenuation

up to 40 dB. The switching in of additional attenuation in will only be

necessary if the signal exceeds the measurement range of the NE615 of block

.116. Otherwise, the attenuator is left at 0 dB attenuation, allowing the full

sensitivity of the receiver to be available for receiving small signals. The
Incoming tansmission is mezsured in two bandwidths simullaneously,
namely 8 kHz and 80 kHz. The 80 kHz bandwidth is measured by tapping off
the 10.7 MHz IF signal after the 150 kHz ceramic filter 109 and using a 150
kHz ceramic filter 121 and an NE604 IC 120. This, too, has an RSSI output

AP/I"/00/0174(
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which is received via the interface by the main processor 149.

The broadband and narrowband RSSI are measured via the analogue to digital
converter 146, which then passes the data on to the main processor 149. The
main processor has a lookup table, and takes the information from the A toD
converter and derives from previously calibrated data a receive signal strength.
This data is calibrated in dBm, typically from minus 140 dBm to 0 dBm. This
information is typically generated using the output of a calibrated signal
generator,‘injecting this into the input of the receiver, and then dialling up
various signal strength levels and instructing the processor via the keyboard
209 as to what power levels are being injected. This information is then stored

permanently in static RAM or flash RAM 150.

Therefore, the receiving station can accurately record the power level of any
incoming transmission. It then reads the address of the incoming transmission
and its embedded transmit power level. By comparing these, for example, a
plus 40 dBm transmit power level ma; be measured in the receiver as minus
90 dBm and this is then used to compute a path loss of 130 dB. Path losses
may vary from 0 dB up to a maximum of 190 dB (+50 - (-140) = 190). The

minimum path loss that can be measured is dependent on the transmission .

power of the transmitting station and the maximum signal that can be

. measured by the receiving station. Since with this design the maximum

receiving signal is 0 dBm at the antenna port 100, a 0 dB path loss can be
measured, providing the transmit power is less than 0 dBm. Otherwise, for
example, at a transmit power of 50 dBm the minimum path loss that can be
measured is 50 dB. This could be improved by adding additional steps in the

switched attenuator or through using a different arrangement in the receiver. If
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the switched attenuator is fullv switched in and the oulput of the A to D
converter indicates that the RSSI is at its highest level, the recerving processor
will tag the data associated with the transmission as being "pegged". This

means that the path loss is less 1an is measurable.

The processor on receive will continually measure the background signal and
interference, and providing that no transmissions are detected on either
modem at either data rate, will monitor and measure the noise and interference
in dBm and generate an average which will be stored in the static RAM.
When a transmission is detected, the most recent noise measurement is
compared to the signal streng to derive a signal to noise ratio. On each
transmission, the background noise picked up prior to transmis_'sion is
advertised inside the transmission message or probe as another field together
with the transmitted power. Other stations in the network can pick up and
derive from transmission not or.y the path quality but also the distant station's
noise floor just prior to its transmission. The receiving station, since it knows
the path quality and has the nois: floor of the distant station, will then know at

what power to transmit to actieve any desired signal to noise ratio at the

distant station.

The required signal to noise ratio is typically based upon the performance of

.the modem and a figure based upon packet duration and probability of
success. This required signal to noise ratio is stored in the database by the
processor and is continually updated, based upon the success of taﬁsmissions
10 various destinations. If a station, for example, picks up a transmission and

calculates the path loss to be 100 dB and the distant station to have a declared

noise floor of minus 120 dBm, o meet the required signal to noise ratio of for
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example, 20 dB for 8 kilobits per second, it will then transmit at a power level
of minus 20 dBm. This required signal to noise ratio will be different for 80
kilobits per second in that the noise floor would be higher in the wider
bandwidth of 150 kHz by comparison to 15kHz and in that the performance of
the 80 kilobits per second modem may be different from that of the 8 kilobits

per second modem.

Therefore, the receiving station would know that if, for example, the declared
noise floor in the wideband is minus 110 dBm and the path loss is still 100
dB, but the required signal to noise ratio is, for example, 15 dB, it would
require a transmission power of plus 5 dBm. The station receiving the
transmission will know what power level to use to respond to the originating

tation.

Monitoring other communicating stations, the receiving station will see the
path quality variation and the noise floor declared by various other stations it
Is monitoring varying as well, and through choosing 2 moment of minimum
path quality and minimum noise floor will transmit at the appropriate power

level to achieve the required signal to noise ratio to the s:ztion or stations the

it is monitoring. In responding to 2 transmission, the responding station will -

switch or its transmitter, control the power amplifier via the power control
. PIC 132 to meet the required power level and then the main processor 149
will embed the fields of its own transmit power, its own receive noise prior to
transmission and the path quality that it has just received from the station to

which it is responding.

Depending on the signal to noise ratio and the power level required, the main
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processor will elect to switch .1 either the 80 kilobit per second or 8 kilobit
per second modem and make th: transmission. On making this transmission, it
will embed its own transmit power level, iﬁ own background noise floor
measured in both the 150 kHz and 15 kHz bandwidth and the path quality it
has just calculated for the t-ansmission to which it 1s responding. The
originating station, on receiving the transmission, will again measure 'the RSSI
in the two bandwidths and via the A to D converter 146, and using the lookup
table in the static RAM 150, calculate the recejved signal strength. By
examining the received packet passed from the Zilog synchronous serial chip
131, it will calculate the rec:ived path loss using the transmitter power
declared and the measured RSS! and compare the path loss value sent to it by

the other station.

In comparing these two path losses, since only a short period of time has
elapsed betwesn transmission znd reception, these two path losses should be

quite similar unless the path loss is fluctuating, caused perhaps by 2 moving

vehicle environment. In successive transmissions, the difference between the -

two path loss values is averaged and stored since this number represents the

difference due to measurement =rror in signal strength or error in the declared

power level being transmitted. The averaging process is used to average out,

say, the effects of moving venicles and path loss fluctuation. The main
. processor will use this averaged number and retain one for every station in the
network. It will have a path loss correction factor or delta ranging from a few
dB to tens of dB for each staticn in the network which it will store in RAM.
On detecting any station tersmitting and measuring the path loss, the
correction factor is then used to correct the transmit power level before

responding to the station, ie. preZictively . A typical process is as follows:
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Station A measures the incoming path loss from Station B, of say 100
dB. Station A.looks at Station B's address which is then compared to a
lookup table to determine a correction factor or delta, for example 10
dB plus. This means that the path loss as measured by Station A is on
average 10 dB higher than that measured by Station B. Based upon the
path loss just measured by Station A and Station B's, noise, the power
level required is calculated by Station A to meet the required signal to
noise ratio at Station B. The difference allowed between the declared
path loss by Station B and the measured path loss by Station A is
stored by Station A. If a strong variation is detected, this is h all
probability due to fluctuating path loss between transmissions, and
therefore the receive signal strength is used to determine the path loss
by Station A. The difference between the path loss values is used to
update the ».éverage differential number, which over 2 number of
transmissions will average any fluctuations in path loss between

transmission and response.

Having the differential number is also useful, in that on hearing a station
probing or communicating to any other station, a path loss can be calculated
using the comrection factor and an estimation can be made of the required
transmit power to use to reach the distant staﬁon with sufficient signal to noise
ratio. The path loss delta or correction factor is only updated when stations are
Interacting with each other and this field will only be present in a transmission
when a station is responding to another, and will not be present when another

station is simply probing, when this field is left empty.

Although embodiments of the invention have been described above -with
specific reference to the measurement of path loss in the sense of path
attenuation or transmission loss, it will be understood that additional path
quality parameters such as those referred to above can be measured to provide
a more accurate path quality value for use in adjusting the transmission power

used when transmitting data between stations,

-8
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CLAIMS:

1. A method of operating a communication network comprising a
plurality of stations able to transmit data to and receive data from one

another, the method comprising:

e

monitoring, at zach station, the path quality between that
station and each other station with which that station

communicates;

recording, at each station, path quality data corresponding to

the path quality associated with each said other station;

setting, at each station, a transmission power value based on
the recorded path quality data associated with a selected other
station when trensmitting data to said selected other station,
thereby to increase the probability of transmitting data to said

selected other station at an optimum power level;

transmitting path quality data corresponding to the path quality
between a first z:nd a second station when transmitting other
data between the stations, so that path quality data recorded at
the first station '35 communicated to the second station for use

by the second station and vice versa; and

monitoring, frem a first station transmitting data, the
background noise/interference at a second station receiving a
data transmission and adjusting the transmission power value
at the station trazsmitting data to the receiving station, thereby
to maintain the required signal to noise ratio at the receiving

station.
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A method according to claim 1 wherein the monitoring of path quality
between stations includes monitoring at least one of the path loss,
phase distortion, time delay, Doppler shift and multipath fading

characteristics of a channel between the stations.

A method according to claim 1 or claim 2 wherein the path quality at a
station receiving a data transmission is calculated by comparing the
measured power of the received transmission with data in the

transmission indicating the transmission power thereof.

A method according to claim 3 wherein a station receiving such path
quality data compares the received path quality data with respective
stored path quality data and calculates a path quality correction value
from a difference between the received and stored values, the path
quality correction value being utilised to adjust the transmission power
when transmitting data to the station which transmitted the path
quality data.

A method according to claim 4 wherein the path quality correction
factor is calculated by deriving rate of change data from a plurality of

path quality correction factor calculations.

A method according to claim 5 wherein the rate of change data is
utilised to adjust the transmission power predictively when
transmitting data to a station whose path quality correction value is

detected to be changing over time.

A method according to any one of claims 1 to 6 wherein each station

monitors the transmissions of other stations to obtain path quality data
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therefrom, so that a first station monitoring a transmission from a
second station within ra-ge of the first station to a third station out of
range of the first stationn can obtain path quality data relating to the

third station.

A method according to :ny one of claims 1 to 7 wherein each station
includes local background noise/interference data in at least some of
its transmissions to otker stations, for use by the other stations in
adjusting their transmission power values when transmitting data to

said each station.

A method according to any one of claims 1 to 8 including adjusting the
data rate of message data transmitted from a first station to a second
station according to the transmission power value set at the first station

and the required signal to noise ratio at the second station.

A method according to any one of claims 1 to 9 including adjusting the
length of message data packets transmitted from a first station to a
second station according to the transmission power value set at the

first station and the requi'ed signal to noise ratio at the second station.

A method according to eny one of claims 1 to 10 wherein each station
monitors the transmissions of other stations to obtain background
noise/interference data therefrom, so that a first station monitoring a
transmission from a second station within range of the first station to a
third station out of range of the first station can obtain background

noise/interference data relating to the third station.

A method according to any one of claims 1 to 11 including selecting,
opportunistically, a station for transmission of data thereto according

to the path quality and/or background noise/interference data
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associated therewith.

Communication apparatus operable as a station in a network
comprising a plurality of stations which can transmit data to and
receive data from one another, the communication apparatus

comprising:

transmitter means arranged to transmit data to selected

stations;

receiver means arranged to receive data transmitted from other

stations;

signal strength measuring means for measuring the power of

received transmissions;

processor means for calculating and recording path quality data

corresponding to the path quality associated with other

stations; and

control means for adjusting the output power of the transmitter

according to the path quality between the apparatus and a

destination station,

wherein the processor means is arranged to include the path
quality data in its transmissions to other stations for use by
them, and to receive path quality data in transmissions from
other stations for use in calculating updated path quality data,
and wherein the processor means is arranged to monitor
background noise/interference data in transmissions from other

stations, so that a first station monitoring a transmission from a
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second station within range of the first station to a third station
out of range of the first station can obtain background

noise/interference data relating to the third station.

Communication apparatus according to claim 13 wherein the
processor means is arranged to calculate the path quality by comparing
data in received transmissions relating to their transmission power
and/or a previously measured path quality with the measurements

made by the signal strength measuring means.

Communication apparatus according to claim 14 wherein the
processor means is arranged to monitor at least one of the path loss,
phase distortion, time delay, Doppler shift and multipath fading

characteristics of a channel between the apparatus and other stations.

Communication apparatus according to claim 14 or claim 15 wherein
the processor means is arranged to extract path quality data from
received transmissions, to compare the path quality data with the
measured power of received transmissions, and to calculate a path
quality correction factor from the difference therebetween, the path
quality correction factor being utilised by the control means to adjust

the output power of the iransmitter.

Communication apparatus according to claim 16 wherein the
processor means is adapted to derive rate of change data from a
plurality of path quality correction factor calculations, thereby to

compensate for variations in the path quality between stations.

Communication apparatus according to claim 17 wherein the
processor means is arranged to utilise the rate of change data to adjust

the transmission power j:redictively when transmitting data to a station
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whose path quality correction value is detected to be changing over

time.

Communication apparatus according to any one of claims 13 to 18
wherein the processor means is arranged to monitor path quality data
in transmissions from other stations, so that a first station monitoring a
transmission from a second station within range of the first station to a
third station out of range of the first station can obtain path quality data

relating to the third station.

Communication apparatus according to any one of claims 17 to 19
wherein the processor means is arranged to store path quality data for
each of a plurality of stations and to set an initial transmission power
value when initiating communication with any of said plurality of

stations according to the respective stored path quality data.

Communication apparatus according to any one of claims 13 to 20
wherein the processor means is adapted to select, opportunistically,
another station for transmission of data thereto according to the path

quality and/or background noise/interference data associated therewith.

7 40
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1

Station A - Detect
transmission of station
B.

Y

2
Station A - Measure
station received signal
from Station B.

Y

3
Station A identify
station B and which
station it is addressing
and examine contents
of data - data
segments for relay etc.

|
Y

4

Station A read transmit
power and noise level
of station B from s
header

h 4

5
Station A measure
signa! sirength from B
and calculate pathloss
to B

-
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if station B is
responding to another
station {Station C)
station A reads station
B's pathloss (from Bs
header) to staticn C
and uses his historical
"slow® average path
loss diffferential to B to
caiculate pathless
from B to C calibrated
with respect o A.

Y

10

Slation A uses the

transmit power used
by B in response tc C
in conjunction with the
‘pathloss declared by B

to C to give an

indication of the ncise
at C- if A cannot hear

C.
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ff stzlion B Is probing
and not respending to
ar:/ other station -

Y

)
ff station B is

resporging to A -
station A reads station

Bs calcuiated path

loss to station A in

station Es header -
pathloss from B to A,

Y
7
Station A ccmpares his
calculated path loss to
to thatread from B
and calculales a
differential and uses
the differential {o
update his * average
path loss dififerential
to E*

o |q4—

Station A uses his
measured palh loss to
B and his *average
path loss diffferential
to B to calculate the
rate of change of
pathicss frem Blo A
from the time A
origlnally transmitted

|t g responded - used

to derive ‘medium"®
rate of change of path
loss.

-
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Y

12

Station A uses his
measured path loss lo
B and the rate of
change of this path
loss during B's
transmission to
calculate pathloss
from B to A and *fast®
path loss variation
from B lo A - taking -
into account the
correction factor -*
average path loss
differential tc E*

Y

13
Station A uses his
calculated pathloss
from Blo A and
updates his database
and calculates a
*slow" rzie of change
of pathloss based on
past records - used to
determine
intermediate pathloss
variation.

Y

14

Station A uses the
noise level declared by
B to update his
database and
calculates a "slow"
rate of change of noise
based on past records
- used to determine
intermediate noise

variation,

-

AP/P/ 00701740
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Station A uses
calculated pathloss
from Bto Ain
conjunction with
station B local noise
{from Bs header) to
calculate transmit
power required to
reach B - taking into
account the rate of
change of pathloss
and noise from
database both *fast”
and "medium”.

Y

16

If the measured data
indicates a
"minimum” in path
loss and/or a
"minimum"” in noise
floorat B an
“opportunity” is
identified between A
and B.

Y

17
If Ahas datafor B as
a final destination or a

relay - and the
"opportunity” identified
by Ato B is better than
any other *opportunity”
lo any other station at
that moment - A

decides to transmit to

B.

APCO1142
5/18

A cheses datarate and
packe! duration based
on the ammount of
transmit power
availebie at A and the
required signal lo
noise ratio for different
data rates and packet
durations at B - taking
into account the rate of
change of pathloss
from Ato B and noise

at B.

Y

19

A examines its transmit
data que destined for
B as a final destination
or reiay and *fills* the
packet with data
segments - were
packet size is
determined by data
rete and duration
decided on for the
cpperunity.

20

Areceives
acknowledgement -
from B or montors to
hear B transmit data
further,

AP/7/00701744
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Sonward and reflected power measurement.

100" T« ' —===3A
l 1071 o 102 e
LANL. ‘Low power ! Switched
lsensing ’(—_‘l attenuator
i A
B
|
161
103 Fowj'ard a:'ld
» Tx/Rx Switch refleciec
| - power
measurement
i ]
145 144
Power < Oriver 21—
amplifier amplifier
A
|
143
—Sense ¥ Gain and low <
pass filter
v

PRS-
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|
|
2

121

150 kHz
rCe.

122

Quandrature
r=mic Filter —’ Phase Shifter

l ‘120 <«

|

hd

—» D

124

|
(

Spike counter
l and leve!

ifferential

trigger

103
: 104
105
B
> ar;icft;prass 'P‘Preamp

oo Band passii? e ¢
Mixe 1st If
l filter '
160
Receive
l Synthesiser Broad band
S RSSI

L

114

filte

—»15 kHz Crystall-

-
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4B

I,
i

555 Noise ) AMmp
blanker timer

>

Ceramic filter| Ceramic filten

109 ‘ 170 11
150 kHz o 150 kHz ""an E

__..Spike Count and level

125 \ |
126 '~ Blanking pulse

1

[Ceramic filter

112
150 kHz

113
Noise
blanker
A4

Rx Datz (80 kbps)

g
>

Receive frequency

117

;—l

Two 15 kHz
Ceramic filters

Phase Shifter

h 4 .
ERE 18
TPINE 615 FM IC t—J Quadratare
|

] L Rx. Data (8 kbps)

Interface to
processor

-—Narrow bandg RSS|
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Tx Data

200
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—Rx-Data (80 kbps) -
Rx Data (8 kbps)—

h 4

80

129 —Rx Data
kbps GMSK [«
FX 589 Modem

A

|
O
a
¢ p

&

207
§

Interface to
receiver

aE

Signzl Quality

————

[ 130

PN sequence [~
encoding and
decoding

Tx Data -——

127
8 kbps GMSK
FX 589 Modem

Rx Data
»

<TxDatz

~Ciock+l

128

PN sequence
encoding and
decoding

| S

Lock—

=
Signal Quality

Transmitter
interface

» I
<€— Power contr

A A A

|

ol and receive

attenuator control

ransmit/Receive Switch Control

Lock

132

Power control

PIC

Transmit Data rate switch

way
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1 S ‘ A
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—Broad band RSS! __).;" 146
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— Tx Data— 2 5 o !l = »  Main
— Clock—> 0T D E A A 230,_ Processor
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Set Probe power to
minimum
TxPwrProbe = 40¢Bm

Set transmit power:
LocTxPower = RemSNNeeded
+ CorPathLoss + RemBkgRSSI

v
Increment transmit to
receive ratio:
TxRxRatio += 1

TxRxRatio >= 10?

Reset Transmit to
receive rztio:
TxRxRztc =0

Yes
|

v
Increase pathless
correcticn:

No No
L .
Szt transimit Measure RSS! vaiue
power: Busy of received
. = recieving Yes S
LecTxPoviar = zcket? transmission and
TxPwrPrzbe NG store in RovdRSS!

<—Yes<““'ec' >Yes
prebert

Extract header data: |
RemTxPower |
Ne—) 78S RemBKgRSSI ]
RemPathloss |
, 1
- Insert hezder data: L a - Calculate local pathless:
LecTxPower TmpPathLess = RemTxPower -
- LocBkgR3S! —@ RcvdRSS!
LocPathlzss b - Set temp pathless cerecicn:
b - Transmit cackst L

A

NO =

PathCor += 5§

Time

tc transmit
prebe?

TmpCor = PathCer

Y

©

AP/T

100/0174(

N4
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First packst
received from remote
station?

AP0O0O1142
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Reset transmit to receive ratio: L—Yes
TxRxRatic =0 ‘

Calculate correcticn factor:
impCor = (((RemPathLoss -
TmpPathlLoss) + PathCor)/2) -
PathCor)}

I

|

Y

i
|
i

|

a - Reset pathless correction:
PzathCor=0
b - Caculate correciion factor:
TmpCor =
RemPathLoss - TmpPathloss

|

hd

a - Limit max adjustment to 5§ ¢&:

If (MTmpCor > 5) TmpCor =5
If (TmpCor < -5) TmpCor =-5

b - Adjust pathless correction:
TmpCor = PathCor + TmpCer

¢ - Limit max correction to 30 ¢2:

if (TmpCor > 30) TmgCer =30
If TmpCor < -30) TmeCor = -30

Packs! for
ocal siztion?

_~Lccal station

No

Yes

h4
PathCor = TmpCor
LocPathloss = TmpPathLoss

L

| Reset local pathless:
LocPathless =0

Y

b-

a - Calculate corrected pathicss:
CorPathlLoss = TmpPathloss +

PathCor

Caiculate Tx power required:

TxPowerReq = RemSNReg +
CerPathloss + RemBkgRSSI

¢ - Set prche power:

TxParProbe = TxPowerReq for 5

closest neighbours

AP/ 00/01740
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Set modem data rates:
Rate1 =8 kbps
Rate2 = 80 kbps
Rate3 = 800 kbgs
Rate4 = § Mbps

Set Required S/N rztio:
ReqSN1=15dB
RegSN2 = 15¢B
RegSN3 = 15d8
ReqSN4 =15¢8

=
Time N
to transmif - A
rcbe/

A

Measure RSSI value of
receiving modem, next modem,
and previous medem:

Busy

'eac“:i“‘t“f TTYSS T RedRSSIX (RxModem)
e RcvdRSSIP (Previous)
T FevdRSSIN (Next)
No
\ Exiract header data:
Packet N Yes RemBkgRSSIX
recievey RemBkgRSSIP
RemBkgRSSIN
No

! v

i Calculzie correcied pathloss as
A > per Flow Diagram A:

CorPzthloss

Set transmit modem ‘o
modem packet received:
TmpTxModem =
RxModem

© 0

Recriy
requirad?

1

AP/T/ 00017 4(
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hd

MaxTxPower = TxPwrPreoe + MaxExcesd (tygically 10 dB)

z - Calculzte max ailowed Tx Power:

b - Calculate remote Rx S/N:

42

©

hd

S

RemRxSNX = MaxTxPower - CerPathLoss - RemBkgRSSIX | o/ ]
]

RemRxSNP = MaxTxFcwer - CorPathLoss - RemBkgRSSIP
RemRxSNN = MaxTxPower - CerPathLoss - RemS8kgRSSIN

¢ - Sat zcaptive modem:

AdpTxModem = TmpTxModem

i

et transmit mccdem to

cefault for channal:
TmpTxMadem =
ChanMcdem

No

v

(RemRxSNX < RegSNX) &
(RemRxSNP >= ReqSNP) &
(RateP &llowed cn chan) &
(RateP >= Rzate1)?

a - Set transmit power:
LocTxPower = TxPwrPrcee

b - Settransmit mcdem:
LocTxModem = TmpTxModem

Yes
]

v

Set acdzptive mocem lower:
AdptTxMcdem = TmpTxModem - 1

emRxSNN >= ReqSNN)
(RateN zllcwed cn chan) &
(RateN <= Rzte4)?

Yes

hd

Set acdzptive mecem higher:
AdptTxMcdem = TmpTxModem + 1

Y

L

a - Set tc adaptive transmit modem:
LocTxMocdam = AdptTxMedem

Y
a - Insert heacer data:

LccBkgRSSIN
b - Transmit packst
A

b - Set adzaptive transmit power:
LocTxPower = RegSN (for AdptTxMedem) +
CorPathLoss + RemBkgRSSI (for AdptTxModem)

LocBkgRSSIX
LocBkgRSSIP -——»@

]

AP/F/ 0001744
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Set base pack:t size:
PktSizeEzsz = * .27 bytes

Set min & mzax packet size:
PktSizeMin = 127 bvtes
PktSizeMex = 10124 bytes

Set multiplier fz ctors:

ﬁ"‘
@ > to transrr.i>ers

srehe?,.

b - Transmit packet

a - Set transmit power:
LocTxPowar =
Packal > TxPwrProbe
~ 7
revw, b - Set packet size:
LecPkiSize =
PkiSizeProbe
No |
A
l g - Insen headerdata:
)\* LecPkiSize
Q) - LecTxPower «—-@

& - Select correct medem as per flew diagrem B
LocTxModem = Adp TxMedem

b - Caicuiate extra ramiate Rx SIN:
RemS8NDIif = MaxTxPower - CorPathiL:ss - RemBkgRSSI - RegSN

v

2 - Calcutate modem re e multiplier:
PkiSizeRateMult = Z 4 [cg/RateTx/Rate1)

b - Calculate S/N mipltiplier:
PktSize SNMuit = Y * (RemSNDIf/10)

¢ - Set max possibie size: for packet:
PkiSizeAdpt = PkiSizeBase * PkiSizeRateMult * PkiSize SNMuit

|
Y

a - Determine max cdurat on allowed:
MaxDuration = Probe Interval + Tx on ¢ 2lay + modem train delay +
tumaround delay + prepagation delay

b - Determine max packet s.z2 by duration:
PktSizeMaxDur = RaleTx / 3 * MaxDuration

APIT/ 00 /017 4
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PkiSizeAcpt > Ves | PxiSizeAcst =
ktSizeMaxDur? r‘jk:SizeMaxDur
el No
£57) L
PktSizeAdot > Ves | PkiSizeAdpt =
PktSizeMax? | PkiSizeMax
No
I
KtSizeAdpt Ves | PxtSizeAdpt =
PktSizeMin? | PatSizaMin

No
3
Y

& - Fill packet up to max PktSizeAdpt bytes.
Determine new packet size if packet not filled:
PktSizeData

b - Determine additicnal S/N required based on filled packet:
TmpSNNeaded = 10 * log{PktSizeData / (PktSizeBase *
PkiSizeRateMult))/ log (Y)

Yes

» TmpSNNeeded =0

TmpSNNeeded <0

RemSNNeeded = ReqSN | |

+ TmpSNNesded

Y
a - Set Transmit power:
LocTxPower = RemSNNeeded + CorPathLoss
+ RemBkgRSS!

b - Set packet size:
LocPktSize = PktSizeData

AP/P/00/0174(
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