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(57) Abstract

A radio unit (12) for communication over a communication channel (300) having repeating frames. The radio unit has a memory
(131) with a table (280) of time locations in a frame and indications of the availability of time locations for transmission. A time is selected
from the table and a cell of data is transmitted on the channel at the selected time. If an acknowledgement to the cell is received at a
receiver (102) the transmitter sends a series of further cells at corresponding times in later frames. Otherwise a different time is selected
for a new access attempt. A sequence of ATM cells is prepared for transmission by forming data into cells each having synchronization

information (230), a physical layer field (251), a sequence number

(253) and an error check number (254). Error coding cells (245) are

added, with error coding which is spread across the cells such that a lost cell is recoverable from adjacent celis.
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mglﬁ)LOF COMMUNICATING BETWEEN RADIO UNITS OVER A COMMUNICATIONS
A

Field of the Invention

This invention relates to a method of communication in a wireless
10 communications system utilizing data cels, for example in an
asynchronous transfer mode (ATM) form of communications, and it
relates to a radio unit for operation in such a system.

Background of the Invention
15

In the modern telecommunications world, voice communications
continue to be a popular mode of communication, but new services like
video telephony, high speed data and short message services continue to
expand on existing services. The arrival of new telecommunications

20  services generates new requirements for telecommunications networks.
New telecommunications techniques (transfer modes) are required and
offer possible advantages compared to existing techniques. Traditional
transfer modes for wired communications are circuit switching, familiar
in classical telephone services, and packet switching, familiar in telegraphy

25  and modern short message service and data systems.

Asynchronous transfer mode (ATM) is a mode of fast packet
switching which allows systems to operate at a much higher rate than
traditional packet switching systems. Features which characterizes ATM
communications are: the ability for asynchronous operations between a

30  sender clock and a receiver clock; transmission "cells" of pre-defined sizes;
operation at a basic frame rate, with all transmlssmns being at integer
multiples or devisors of the frame rate; and addressing carried out in a
fixed size header (that is not by time, frame position or other fixed
characteristic). ATM communication is sometimes also referred to as

35  asynchronous time division (ATD) communications.
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ATM communication has proven useful in high-value point-to-
point land-line communication, for example, satellite links and undersea
cables. ATM allows multiple simultaneous circuits, sometimes referred to
as virtual circuits (VCs), to be established from end to end along the link.

Attention is turned to the use of ATM for wireless or radio
communications. There is, for example, a need for wireless users to have
access to wired ATM networks and existing ATM systems such as multi-
media applications need a wireless platform providing multi-media
support. It is also recognized that systems such as universal mobile
telephone systems (UMTS) and wireless local area networks (LANSs)
cannot meet all future data user needs. Efforts to date have been in the
use of ATM in the wireless extension of fixed infrastructure systems, such
as LANs and integrated service data network (ISDN).

For private land mobile networks and ad-hoc wireless local area
networks, circuit-switched frequency-division multiple access (FDMA)
with or without time division multiple access (TDMA), as well as code
division multiple access (CDMA) continue to be the available transfer
modes. Each of these transfer modes has its advantages and disadvantages
in different circumstances and the various modes are generally
incompatible with each other.

Referring to FIG. 1, two sets of communicating units are illustrated,
each set functioning as an independent network. These networks are
illustrated as networks 10 and 11 comprising a first set (set A) of nodes or
units as well as a second set (set B) of nodes or units. Four units of the first
set are shown as units 12, 14, 15 and 16. One unit of the second set is
shown labeled 13. Each unit may be referred to as "terminal” or a "node".
Each unit 12, 13, 14, 15, 16 may be a fixed or portable data terminal, or a
fixed or portable two-way radio, or indeed a video telephone or other
communicating unit. The units 12, 13, 14, 15, 16 will simply be referred to

_ hereafter as "radio units". Each set of radio units consists of two or more

radio units communicating with each other. While any member of one
set may interfere with the transmissions of one or more members of the
other set (and any further sets not illustrated), it is possible, indeed

probable, that any given radio unit may not be able to directly receive the
transmissions of such other radio units that it may interfere with or that



WO 97/41660 PCT/US97/06366

10

15

20

25

30

35

-3-
may interfere with it, thereby making conventional methods for avoiding

interference as listen-before-talk (carrier sense) ineffective.

Discussions to date in the field of wireless ATM systems have
focused on centralized systems such as wireless LAN systems. For ad-hoc
communications, traditional schemes such as slotted ALOHA are favored.

International patent application No. W0O95/01020 describes a
wireless local area network with distributed control and describes an "ad
hoc" embodiment with no access points. Communication takes place
through protocol data units (PDUs). Each directed PDU consists of four
"frames” (which in this context are packets): a request-to-send (RTS)
packet, a clear-to-send (CTS) packet, a data packet and an acknowledgemnet
(ACK) packet. A general header format is described for asynchronous
service PDUs. Each packet type has a unique format and the different
packet types have different lengths. Thus an RTS packet is 13 bytes long
and a data packet is up to 598 bytes long. By using listen-before-talk and an
RTS/CTS exchange, the effect of collisions is minimized because collisions
are limited to the short RTS packet and avoided in the longer data packet.
Queuing theory shows, however, that access times are not minimized
when packets of different lengths are contending on the channel.

An embodiment is described in WO95/01020 which is a wireless
LAN with access points supporting time-bounded (e.g. voice) service, it is
described that the payload of a PDU may be an ATM cell or multiple ATM
cells and that each access point manages bandwidth in its area and controls
the timing of connections and initiates all the time-bounded PDUs. Once a
connection is granted, the access point unit sends the first PDU at a time
coordinated with other ongoing connections and after the first PDU,
subsequent PDUs for that connection are sent at fixed intervals and each
time-bounded PDU is a two-packet exchange. This is wasteful of
bandwidth and suffers from slow receive-transmit switching times.

. Different schemes are described for managing the bandwidth either to keep

maximum size gaps available for asynchronous traffic or to minimize
latency for the asynchronous service. A GAPTIME field in all time
bounded packets specifies when the next PDU for the connection will be
sent. GAPTIME is used to reserve bandwidth for subsequent packets of the
same voice connection. This "reserve ahead" mechanism prevents other
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nodes from contending for the network during the transmission of time

bounded packets for the ongoing voice connection, but such a "reserve
ahead" mechanism is very inconvenient, as it depends on listening to and
decoding activity on the channel, which is power-consuming and
unreliable.

In the ad hoc embodiment described in W0O95/01020, all mobile
units transmit announce packets. Each unit hops and scans during each
hop so as to receive announce packets from other units. A hop frequency
of choice is identified and mobile units change their hop frequencies to the
hop frequency of choice and follow the same hop sequence. Transmission
of announce packets by all units is also inconvenient and wasteful of
channel capacity and battery power.

Although ATM communications are considered to have the
potential for improved operating characteristics, such as increased
throughput, reduced access time and reduced queuing times, no ad-hoc
wireless ATM system has yet been devised with a robust protocol which
can realize these perceived advantages.

There is a need for an improved wireless communication system,
particularly one that is suitable for ad-hoc communications.

A preferred embodiment of the invention is now described, by way
of example only, with reference to the drawings.

Glossary of Terms

AAL ATM adaptation layer;
ALOHA A contention scheme involving random access
attempts;
ATM Asynchronous transfer mode;
ATMH ATM header;
. CAC Channel access control;
CAQ Contention access queue;
CRC Cyclical redundancy check;
oQ Out-of-sequence queue;
RAQ Reserved access queue;

RSSI Received signal strength indication;
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SDU Service data unit;

VCI Virtual circuit identifier;

VPI Virtual path identifier.

Brief Description of the Drawings

FIG. 1 is a geographical map representation of two overlapping
communications networks.

FIG. 2 is a block diagram of a radio unit operating in accordance
with the present invention.

FIG. 3 is a protocol diagram illustrating layers of an ATM
communication system in accordance with the present invention.

FIG. 4 is a protocol diagram showing details of a trailer of one of the
layers of FIG. 3.

FIG. 5 is a flow diagram illustrating operation of certain processes in
the radio unit of FIG. 2.

FIG. 6 is a mapping table stored in a memory of the radio unit of
FIG. 3.

FIG. 7 is a graph illustrating the performance of the system of the
preferred embodiment of the invention with different message sizes.

FIG. 8 is a time line diagram illustrating an aspect of operation of
the networks of FIG. 1.

FIG. 9 is a flow diagram illustrating aspects of operation of a
computer program performed by the radio unit of FIG. 2.

FIG. 10 is a flow diagram illustrating a first sub-routine of the
program of FIG. 9.

FIG. 11 is a flow diagram illustrating a sub-routine of the program of
FIG. 10.

FIG. 12 is a flow diagram illustrating operation of a second sub-
routine of the program of FIG. 9.
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Detailed Description of the Drawings

In the ATM communication system of the preferred embodiment of
the invention, it is assumed that a basic channel will carry video, speech
and data transmissions, all by ATM cells carrying a "payload" of 48 octets.
All nodes are aware of the frame duration. All transmissions are
generally asynchronous (do not require synchronization between the clock
of a sender and the clock of a receiver) and are of a fixed size (the meaning
of which and the exception is to which are described below to allow for
varying data speeds). Addressing is carried out in a fixed-size header, that
is not by time, frame position or other fixed characteristic. Each wireless
ATM cell includes a sequence number and an error detecting code. Cell
generation rates may be negotiated and are in general variable.

All transmissions are considered elements in persistent circuits. A
channel can be considered as divided into frames and the start and end of
a frame need not be synchronized across the system, provided that each
two communicating units operate to the same frame length. The frame
length is preferably predetermined for the system, but this is not essential.
Access by a radio unit to a frame location (slot) implies access to the
corresponding locations of subsequent frames. After the location has been
chosen, using an algorithm described below, the radio unit listens for an
acknowledgement. The transmitting node uses the same time slot in the
next frame when the acknowledgement is received or abandons the time
slots for which the acknowledgement was not received. These slots,
which may be referred to as inaccessible slots, are not accessed again for at
least a predetermined time-out period, for example 30 frames.

It is preferred, but not essential, that a basic pre-determined frame
rate is provided for all units in the system. All transmissions are at
integer multiples or divisors of the frame rate (FR). If no basic frame rate

_is established for a system, two communicating units must establish their

own frame rate.

In an aspect of the invention, a method of operation of a
communications system 10 is provided comprising a plurality of radio
units 12, 14, 15 and 16, the method comprising: establishing a basic frame
rate for all radio units in the system; commencing two-way
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communication between any two radio units of the plurality of radio units
by transmitting data units (ATM cells) from a first radio unit 12 to a second
radio unit 14 at a cell rate which is an integral multiple or an integral
divisor of the basic frame rate.

The cells are preferably all of equal length across the system, but this
is not essential, provided at least that they are of fixed size (equal length)
for the duration of a communication established between two units.
Queuing advantages are reduced if cells of different sizes are contending
for access to the channel, but there are still advantages to be gained if there
is a limited range of cell sizes and particularly if the available sizes are
integer multiples of a basic cell size.

The method, in its preferred embodiment, further comprises:
commencing two-way communication between a third radio unit 15 and a
fourth radio unit 16 by transmitting ATM cells from the third radio unit
14 to the fourth radio unit 16 at a cell rate which is an integral multiple or
integral divisor of the basic frame rate and at times which are
asynchronous with respect to ATM cells transmitted between the first
radio unit 12 and the second radio unit 14.

In another aspect of the invention, a method of communicating
between a first radio unit 12 and a second radio unit 14 over a
communication channel having repeating frames, is provided
comprising: (a) forming data for transmission into cells 18 of equal length;
(b) transmitting on the communication channel at a first selected time
relative to a first frame a first cell comprising a field having a first type
identifier (probe cell identifier); (c) waiting for receipt of an
acknowledgement of the first cell; (d) retransmitting the first cell
including the first type identifier in a second selected time relative to a
second frame different to the first selected time when an
acknowledgement is not received; (e) repeating steps (c) and (d) with a

_different second selected time until an acknowledgement is received; and

(f) sending a series of further cells of further data at times relative to later
frames corresponding to a selected time resulting from steps (b) to (e), each
cell of the series of further cells comprising a field with a second type
identifier.
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Each virtual circuit (VC) and virtual path (VP), if appropriate, is

protected against error (cell loss) by a variable-rate non-binary error-
correcting code extending over at least two cells. The particular rate in
each case is preferably negotiated at circuit set up and may be as high as
unity. In a voice circuit a cell loss rate of 1-3% or even as high as 5% may
be tolerated, but in a data circuit, greater error protection may be required.

The physical medium for the communication is a radio channel, of
which the frequencies, bandwidth, modulation and other aspects are
entirely selectable for the circumstances and the spectrum available.

Referring now to FIG. 2, elements of an example of a radio unit 12
in accordance with the present invention are shown. The construction
and operation of the other radio units 14, 15 and 16 of system 10 are
identical and need not be described separately.

The radio unit 12 comprises a transmitter 101 and a receiver 102,
both coupled to an antenna switch 103 and, through the antenna switch, to
an antenna 104. A synthesizer 105 is coupled to each of the receiver 102
and the transmitter 101. A demodulator 110 is coupled to receiver 102. A
modulator 111 is coupled to the synthesizer 105. A logic unit 120 is
coupled via data lines 121 and 122 to the demodulator 110 and modulator
111, respectively, and is coupled by control lines 123 and 124 to the
demodulator 110 and the receiver 102 and to the transmitter 101 and the
antenna switch 103 respectively. A received signal strength indication
(RSSI) line 112 passes from the receiver 102 to the logic unit 120, but this is
optional. A control bus 126 is coupled between the logic unit 120 and the
synthesizer 105. Logic unit 120 is shown, by way of example, as comprising
an error decoding circuit 113, an error coding circuit 114, an error detect
circuit 115, an error check generating circuit 116 and a timing circuit 129.

Coupled to the logic unit 120 via a digital bus 128 is a processor 130.
Coupled to the processor 130 is a random access memory (RAM) 131, a

. program memory in the form of electrically erasable programmable read-

only memory (EPROM) 132, an operator interface 133 such as a keyboard
and display and an 1/O interface 135.

In transmit operation, the processor 130 generates ATM cells (or
receives these from the interface 135). Each ATM cell comprises a payload
and a header. The processor 130 adds a SAMA field described below and
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supplies the resultant data to logic unit 120. In logic unit 120 error check
generating circuit 116 adds a CRC error check, error coding circuit 114
generates additional cells of FEC coding and timing circuit 129 adds a
synchronization word to each cell and controls the timing of outputting of
the resultant transmission burst data to the modulator 111.

It will, of course, be appreciated that alternative arrangements can
be provided. For example, circuit 116 can add its CRC error check after
error coding by error coding circuit 114. Additionally, ATM layer and
higher layer processing can be performed by the logic unit 120.
Alternatively, physical layer processing including the error coding and/or
error check generation can be performed by the processor 130.

The logic unit 120 passes the data of each resultant transmission
burst to the modulator 111 bit-by-bit and provides a transmitter key-up
signal on control line 124 (at the same time switching antenna switch 103
to the lower position as shown). The timing circuit 129 controls the
timing of key-up of the transmitter 101, so that each transmission burst is
transmitted at a carefully selected time (slot) in a frame, as is described
below.

When the transmitter 101 is not keyed up for transmission, the
control line 124 causes the antenna switch 103 to switch to the upper
position as shown, allowing ATM cells to be received via the antenna 104
to the receiver 102 and demodulated by the demodulator 110 and passed to
the logic unit 120.

Timing circuit 129 derives bit timing from a received
synchronization word at the start of each cell. Error decoding circuit 113
stores a copy of each received cells in preparation for error correction.
Error decoding circuit 113 passes each cell without delay to error detect
circuit 115, which verifies the validity of each cell based on its CRC error
check. Each received and verified ATM cell is identified by a virtual

.circuit identifier (VCI) in a header of the cell (described below) and only

cells received with the appropriate virtual circuit identifier are selected by
the logic unit 120 for passing to the processor 130 for further processing.
Where error detect circuit 115 is unable to verify a cell as validly received,
the processor 130 is informed. Where a cell is not validly received, or
even if a cell is totally lost in the reception, it can nevertheless be
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recovered by error decoding circuit 113 based on the error code received in

preceding and following cells having the same VCI, where such cells exist.
This is achievable because of the depth of error coding provided.

The processor 130 orders received ATM cells in the correct order as
defined by sequence numbers in a cell field (described below). The
processor 130 assembles the cell payloads for passing on to upper layers of
the protocol, for presentation at the operator interface 133 or for
outputting at the interface 135. As described the logic unit 120 performs
physical layer processing, but higher layer processing can also be
performed by logic unit 120, or physical layer processing (such as the error
decoding function of error decoding circuit 113) can be performed by the
processor 130.

Instead of an antenna switch 103, a duplexer can be used, allowing
simultaneous receiving and transmitting of ATM cells. Logic unit 120
controls synthesizer 105 via control bus 126 to select appropriate
frequencies for transmission and reception depending on the particular
frequencies of the system and the modulation scheme and other aspects of
the physical layer.

Referring to FIG. 3, an example of a protocol structure for wireless
ATM communication is illustrated. The protocol comprises a physical
layer 220, an ATM layer 221 and an ATM adaptation layer (AAL) 222 as
well as higher layers not shown, such as an inter-networking protocol (IP)
layer and other protocol layers which need not be described here. The
AAL 222 takes data from a higher layer and optionally includes such
features as forward error correction and segmentation and reassembly and
it passes its data to the ATM layer 221 which accepts data from the AAL 222
in SDUs of 48 octets each.

At the ATM layer, communication is in the form of ATM cells such
as cells 226 and 227 illustrated. Each cell comprises an ATM header 228

~and an ATM SDU 229,

The header 228 comprises 5 octets and includes a virtual connection
number (including a VPI and a VCI) as well as certain flow control bits and
some error correction internal to the header. The virtual connection
number is unique within a network to a particular virtual connection.
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In the physical layer 220, a header with synchronization

information 230 is added to an ATM cell 226 and a trailer 231 is added to
make up a cell (or data unit) 242 for transmission as a single transmission
burst, which is transmitted at a selected time over the radio channel.
Instead of a trailer 231, the fields of trailer 231 can be included in a header
with synchronization information 230. Note that the selected time can be
considered local to the unit 12 as a "slot”, but the division of the channel
into frames is a matter of local timing. There is frame synchronization
between communicating units but no frame synchronization between
non-communicating units, and therefore no co-ordinated slotting
structure to the channel. Similarly ATM cell 227 is formed into cell 243 for
transmission on the channel either in another selected time in the same
frame or in a later frame, but preferably cell 243 or every Nth cell
following cell 242 is transmitted at the same time in each following frame,
as is described below.

Also in the physical layer, one or more error coding cells 245 are
added for a predetermined number (block) of ATM cells 226, 227. The
error coding cell 245 contains FEC coding (or some other error coding). and
has a trailer 246 similar to trailer 231. Note that in the preferred
embodiment the trailer 246 is added before error coding, so that the whole
of cell 245 is error coded, but trailer 246 (or at least an error check number
included in trailer 246) can be added after error coding of the payload of
cell 245.

The trailer 231 is shown in greater detail in FIG. 4. It comprises (in
the preferred embodiment) a physical layer field 251 for which the term
"SAMA" is coined here, being an abbreviation for ""Simple" ATM
Multiple Access'. The expression "simple" is used here to denote the ad-
hoc nature of the multiple access protocol newly devised and is no more
than a convenient label for referring to the field 251, which can be
considered as a protocol sub-layer. The expression is useful for
differentiating from a centralized ATM multiple access protocol, but it will
be understood that many aspects of the invention are not limited to an ad-
hoc protocol. SAMA field 251 carries a type identifier and a code rate
indicator. The type identifier allows different types of cell, such as: data
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without acknowledgement (ACK); data with ACK; channel probe and
"acknowledge and decline". If the type identifier identifies the cell as a
channel probe cell, the SAMA field 251 further includes a message
number.

The code rate identifier identifies the depth of the FEC coding - i.e.
how many redundant FEC coding cells 245 there are in a coded block of
ATM cells. For example, if the coding depth is 40% and there are 20 cells
in a block, there are 8 cells out of every 20 cells that contain only FEC
coding, but if the coding depth is 20% there will be only 4 cells of FEC
coding in a block length of 20 cells. Note that it is not necessary for the
trailer of every cell to include this information. It is sufficient that SAMA
field 251 is able to support this information and optionally other types of
information. The error coding is provided across sequential cells in a
block. This allows a lost cell to be recovered from adjacent cells. The
amount or "depth" of error coding is preferably selected by the processor
130 in a manner described below, but can be fixed. By way of example, a
suitable depth of error coding is one that allows 3 cell out of about 15 or 18
cells to be recovered if completely lost. Further examples are given below.

Trailer 231 also has a sequence number 253 and has a CRC error
check number 254. The sequence number has three purposes: it is used
for cell re-ordering; it is used for error correcting; and it allows for a
prompt NACK if more cells are lost than can be received. The CRC error
check number 254 is added by the error check generating circuit 116 of FIG.
2 (or by the processor 130).

The sequence number 253 allows a receiving radio unit to
reassemble the cells in their correct sequence.

A virtual circuit can comprise one cell per frame or more than one
cell per frame or less than one cell per frame.

The channel is organized into frames. The length of the frame is

 fixed but different sets of users (e.g. set A and set B of FIG.1) can use

different cell lengths (e.g. cells 18 and 19 respectively). A node or unit, e.g.
unit 12, wishing to send a transmission burst makes a choice as to the time
in its frame it will use to send a reservation request. It makes this choice
based on received signal strength measurements (carrier sense) on the
channel and/or historical data. To use historical data, it can merely
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attempt an access with no knowledge of the activity on the channel and
wait for an ACK. This is explained in greater detail below. A probe cell is
the same as any other cell except for different information in the SAMA
field 251, i.e. it contains regular data as well. The unit 12 then waits for an
ACK (e.g. from unit 14) which approves the reservations of the attempted
(probed) slot. The lack of the ACK denies the reservation and the accessed
time must be abandoned and either a different time attempted or no link is
established. If multiple time reservations are requested either a single
ACK will be sent or multiple ACKs. The ACK is expected one frame
period after the start time of the cell which carries the access request.

For example, consider a model in which the unit 12 divides one
frame period into segments or slots of one cell duration each and consider
that in this model slot numbers are assigned to the segments. Note that
there is no start time or end time to a frame on the channel, so the slot
numbering and timing is entirely local to unit 12. Let the calling unit 12
send probe cells in slots 2, 4 and 5, and let only ACK cells in slots 4 and 5 be
received. In slot number 4 the ACK will arrive granting the reservations
for slots 4 and 5. In slot number 5 the sending unit can start sending its
cells. In the following frame both slots number 4 and 5 can be used.

Having thus established connection, the remote (called) unit 14
needs to send ACKs at some minimum rate which is related to the receive
sequence numbers. The ACKs are sent in some of the reserved slots
(inband) or some other slots (out-of-band). The former is more reliable but
it consumes the bandwidth of the existing connection. The latter is not as
reliable and it can lower the throughput by producing collisions with other
connections and connection requests.

The radio unit 12 performs the step of: (a) forming data for
transmission into ATM cells 226, 227 of equal length (the logic unit 120
forms these into cells 242, 243, 245 of equal length); (b) transmitting on the

. communication channel at a first selected time (e.g. slot 1) relative to a first

frame (e.g. frame N) a first cell 242 comprising a field 251 having a first type
identifier (probe cell identifier); (c) waiting for receipt of an
acknowledgement of the first cell (in frame N + 1); (d) retransmitting the
first cell 242 including the first type identifier in a second selected time (e.g.
slot 2) relative to a second frame (e.g. frame N+2) when an
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acknowledgement is not received; (e) repeating steps (c) and (d) with a
different second selected time (e.g. slots 3, 4, 5 etc.) until an
acknowledgement is received; and (f) sending a series of further cells 243,
245 of further data at times relative to later frames (e.g. frames N+3, N+4
etc.) corresponding to a selected time resulting from steps (b) to (e), each
cell of the series of further cells comprising a field 251 with a second type
identifier (data with or without ACK).

Expressed slightly differently, the following steps are performed: (a)
selecting a selected time relative to a frame; (b) transmitting on the
communication channel at the selected time a first burst of data
comprising a first type identifier; (c) waiting for receipt of an
acknowledgement of the first burst; (d) when an acknowledgement is not
received repeating step (a) with a different selected time and repeating
steps (b) and (c) in a later frame, including retransmitting the first burst of
data including the first type identifier, until an acknowledgement is
received; and (e) sending a series of further bursts of further data at times
relative to later frames corresponding to the selected time, each burst of the
series of further bursts comprising a second type identifier.

A method of operating a first radio unit 12 is provided and has also
been described comprising: forming data for transmission into cells 242,
243, 245 of equal length; transmitting a first cell 242 of data on the
communication channel in a selected time in a first frame; waiting for
receipt of an acknowledgement of the first cell; and, when an
acknowledgement is received, sending a series of further cells (243, 245) of
further data at times in later frames corresponding to the selected time,
without the receipt of separate individual acknowledgement packets for
individual cells. The first cell of data comprises a field 251 having a first
type identifier (probe cell identifier); and each cell of the series of further
cells has a field 251 comprising a second type identifier (data with or

~ without ACK).

The corresponding receive operation comprises: receiving at the
first radio unit 12 a first cell of data 242 on the communication channel in
a first time in a first frame; transmitting an acknowledgement (not shown)
to the second radio unit 14; receiving a series (e.g. a block or a complete
message) of further cells 243, 245 of further data at times in later frames
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corresponding to the first time; and transmitting a single
acknowledgement cell (not shown) from the first radio unit to the second
radio unit following receipt of the series of further cells.

In practice there will be services that will require on average a
fractional number of slots per frame. The integer part of the required
number is chosen at the connection setup. During the course of time a
transmission buffer will start building up. Based either on some threshold
value for the queue length or the maximum tolerable delay of the cells, the
connection process on the transmitting side may chose to request extra
bandwidth. This is accomplished by sending a probe cell in an unreserved
slot with some accessing probability. The remote end will respond with an
ACK in the same slot of the next frame if the probe cell is received.

Whenever a connection that was using a group of slots runs out of
cells the slots are released and can be used by other connections and units.
In the releasing process the unit simply stops transmitting cells after
ensuring previously that all the packets were received by the destination.
Note here that connection closing does not mean that the whole session is
over. It only means that the current message or block that was using a set
of slots has been successfully transmitted.

FIG. 5 illustrates subprocesses performed by processor 130 of FIG. 2.
Identical processes are performed at each of two communicating units, e.g.
units 12 and 14. The figure shows a dispatch process 260 communicating
with the ATM layer 221, first and second connection processes 261 and 262,
a channel access control process 263 and a contention access queue process
264. Process 261 is labelled "connection process 1" and process 262 is
labelled "connection process n" indicating that there is one such process
for each connection established. Each such process handles two-way flow
of data.

Each process 261, 262 (and further connection processes) contains an

. outgoing reserved access queue (RAQ) 270 formed in RAM 131, where the

messages are queued for the CAC 263 to service them. Each connection
process communicates with at least one remote peer process at the
communicating unit. All connections have the same functionality.
Functions of the dispatch process 260 are: receiving ATM cells from
the ATM layer 221 and dispatching them to the appropriate connection
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process. Functions of the connection processes 261 and 262 are buffering

each ATM cell 226, 227 before submitting them to the CAC process 263;
receiving ATM cells 226, 227 from the CAC process 263 and delivering
them to the ATM layer 221 in sequence without loss. If some cells are
received out of sequence they are buffered before the cells with the lower
sequence numbers are received.

Based on the information stored in the header of each ATM cell
from the ATM layer 221, the dispatch process 260 distributes the ATM cells
to their corresponding connection processes as shown in FIG. 5. If the
connection process does not exist for the newly arrived cell a new process
is spawned.

After each initialization, the connection process 261 sends the
connection establishment cell to a queue in the contention access queue
process 264 (CAQ). Here all requests for bandwidth are processed in a first-
:n-first-out (FIFO) buffer 271 formed in RAM 131. Whenever the CAC 263
decides to transmit it sends the head-of-line packet from the CAQ process
264.

The connection is considered established if the ACK is received
before the same slot in the next frame. If the ACK is not received the CAC
263 reinserts (step 272) the connection establishment cell into the CAQ
process 264.

When the connection establishment cell is received by the radio
unit 14, the CAC at that unit first checks if the connection process already
exists for the incoming request (this is possible if there was an intraburst
gap in a connection). If it is a new connection request a new remote
process is spawned. The remote process’s first action is to send the ACK
back to the source. The actual sending of the ACK is delayed to allow for
all slot reservations to arrive. This can happen if the source process
reserves more than one slot in a frame. Thus, the remote connection

~ process waits one frame period (actually one slot less) before sending the

ACK for all reservations. This is done by placing the ACK in the RAQ and
waiting for the CAC to send it in the next frame.

Each cell contains a sequence number 253 which enables the
connection processes to deliver the ATM cells to the ATM layer. When the
cells arrive in sequence no queuing is necessary. Whenever an out-of-
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order cell arrives it is buffered in buffer 273 before the lower sequence
number is received. This buffer (queue) is called the out-of-sequence queue
(OQ). If a cell in the sequence of cells buffered is not received within a
predetermined period, the cell is reconstructed (if possible) from cells
stored in the buffer using the error code. If a predetermined number of
cells are not received within a predetermined window (of time or of cells),
the cells are unrecoverable and the connection process at the receiving end
initiates a negative acknowledgement (NACK) to the source unit without
further delay. Thus, for example, if 3 out of every 15 cells are recoverable
and 4 unrecoverable cells are received in quick succession, a NACK is sent
without waiting to receive the rest of the cells in the coded block. During
the reception of the message, the receiving process can inform (NACK) the
failure to receive individual cells for the purpose of adjustment by the
sending unit.

Depending on the type of connection, the frequency of the ACKs
sent by the receiving unit can differ. As described above, there is a
provision in the SAMA field 251 for explicitly requesting an ACK from the
receiving entity. This ACK can be sent either “out-of-band” or in the
reserved slots. An explicit ACK can be requested by the sending node
when the quality of the connection deteriorates and the cells start
accumulating in the OQ buffer 273.

When the cells start accumulating in the RAQ 270 the calling
connection processor can issue a request for extra bandwidth. This consists
of one or more extra bandwidth request cells send in the contention mode,
i.e. through the CAQ process 264. The called connection process responds
in the same way as in the case of the connection establishment request,
namely by sending an ACK in one of the reserved times (only one ACK is
sent as a response to one or more request cells).

Where a NACK is received at the source unit, or if the source unit

fails to receive expected ACKs such that it cannot reliably conclude that a

block of cells has been received, it retransmits the block of cells.
Retransmission upon unsuccessful receipt of acknowledgement can be
performed on a cell basis, a block basis or a message basis.

An ACK cell is a potential weakness in the system, because it is not
necessarily protected by any additional error code cell and could be lost, for
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example by colliding with a probe cell from another radio unit. If,

following receipt of a block of data cells (or a complete message) at a first
radio unit 12 from a second radio unit 14, an ACK cell is transmitted by
the first radio unit 12 but it is not received at the second radio unit 14, unit
14 will retransmit the block (or message). This is wasteful if the block has
already been received. A special acknowledgement type is created which
can be referred to as "acknowledge and decline", which is created by
providing a special indicator in SAMA field 251. Each probe cell carries a
number which defines a message number. When radio unit 12 receives a
probe cell and determines that the message number in SAMA field 251 is
the same as the message number of the message just received and
acknowledged, radio unit 12 sends a cell with the acknowledge and decline
indicator. Upon receipt of this indicator, unit 14 stops transmitting the rest
of the message. If unit 12 continues to receive further cells in the
sequence, it can send the acknowledge and decline indicator as often as
necessary to stop the retransmission. Each radio unit maintains a table of
information on other nodes and the last messages received from them.
Thus data cells 242, 243 and error code cells 245 etc. are received at
radio unit 12 and error correction is performed by error detect circuit 115
on the data cells 242, 243 using the error code cells. If the data cells are
reliably received after error correction, a single ACK cell is sent in return.
If a previously-received cell of the series of further cells is again received,
processor 130 identifies that the previously-received cell has already been
received and first radio unit 12 sends a type identifier (acknowledge and
decline) to the second unit 14 indicating that the cell has previously been
received. As explained, the step of identifying comprises comparing, in
processor 130, a message number in a received cell with a message number
of a previously received cell and determining that there is a match. The
comparison is preferably performed on the first cell of the new

_ transmission, which will be a probe cell and is identified by the probe cell

indicator in SAMA field 251.

All connection processes share a single contention access queue
maintained by CAQ process 264. This queue is a FIFO queue where the
packets without reserved bandwidth are placed. Each connection process
has a reserved access queue (RAQ) 270. The RAQ is a FIFO queue where
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the connection processes place the ATM cells which are to be transmitted

using the reserved bandwidth.

The functions of the CAC process 263 are: tracking the channel
activity and achieving slot synchronization; achieving frame
synchronization, where applicable; marking slots as BUSY/IDLE (B/I) and
ACCESSIBLE/INACCESSIBLE (A/IA); performing a convergence
algorithm; maintaining mapping between the cell locations and the
connection processes; and performing initial channel access for the
connection establishment cell. This service is offered through the CAQ in
the FIFO order. The CAC process 263 also performs bandwidth expansion
for an existing connection. This action is treated in the same way as
connection establishment and is serviced through the CAQ. In addition
the CAC process detects the lack of a cell in the reserved inbound slot. This
information can be used by the connection process to send a negative
acknowledgement (NAK) to the sender.

The channel time horizon can be considered as divided into slots,
each accommodating a single ATM cell with the necessary synchronization
information 230 and trailer 231. The CAC process 263 keeps track of the
channel activity in two ways, either by means of channel power sensing
and/or by receiving ACKSs, but preferably both, as described above.

Frame synchronization means that all participating nodes know
when the beginning of the frame is, i.e. they use the same numbering for
the slots. Although it is an additional feature, frame synchronization is
not necessary for the proper functioning of the protocol.

Marking time locations in a notional frame is an important
function of the process performed by processor 130 and for this purpose a
table 280, as shown in FIG. 6, is maintained by CAC process 263. FIG. 6
shows the table, which is stored in RAM 131, as having a column for each
time location in a frame. The table shows eight locations in a frame by

. way of example and more locations are envisaged. Each location

represents the start time for a cell. The number of locations in a frame is
no fewer than the number of cells that can be accommodated, which is
preferably no fewer than 5 and no more than 50. The number of locations
in the table is preferably a multiple of the number of cells that can be
accommodated in one frame. Thus, for example, if the frame length is
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equal to 16 cells and the table maintains a record of cell locations with a

resolution of 1/4 of a cell length, there will be 64 columns in the table.

CACs have a wide range of ways in which they can classify the slots,
but certain rules are preferably followed. It is assumed that while the unit
is not transmitting it is listening to the channel. Based on the detected
power level each slot can be labelled as BUSY (B) or IDLE (I). The
threshold level for the decision is adaptable and it can take any value
between zero and infinity. Any slot in which the node transmits or
receives is marked BUSY, e.g. slot numbers 1, 2, 6 and 7 in FIG. 6.
Independently, each slot is marked accessible (A) or inaccessible (IA) in the
following way. All slots are initially marked accessible. If a slot is accessed
it is marked inaccessible (IA). If the ACK is received the slot stays
inaccessible until the connection is released and the slot is marked as
assessable again. If no ACK is received until a specified deadline (one
frame period since the end of the initial transmission) the slot is marked
inaccessible for the next 30 frames (or for some other number of frames or
predetermined time-out value).

Thus, for example, slot 8 shows, based on power level, that it is idle,
but it remains inaccessible because an access attempt has been made, no
ACK was received and 30 frames have not yet passed since the access
attempt. This situation is referred to as a "hidden note" and will arise, for
example, when the slot is active at the remote communicating unit (e.g.
unit 14) but due to distance, it does not appear to be active at the sending
unit, e.g. unit 12. Note also that slot 6 is marked as busy and is accessible.
This indicates that no access attempt has been made to that slot in the last
30 frames, but the received signal strength during the slot shows activity.
If the activity ceases and the busy/idle status changes, an access attempt can
be made to slot 6.

Note that the measuring of power level and the recording in the

_table 280 of the busy/idle status of the slots are not essential but in some

cases can be used to enhance performance. Of greater importance is the
recording of the accessible/inaccessible status.

When an ACK for a cell (or cells) of a connection establishment is
received, the accessed slot is associated with the connection process that
sent the cell (packet). For example in FIG. 5, slot numbers 1 and 2 are
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associated with connection process 1 and slot number 7 is associated with

connection process 2. Thus, when the same slot number in the next frame
comes, the CAC process 263 polls the RAQ buffer of the particular
connection process (e.g. RAQ 270 of process 261) for any pending packets. If
multiple packets are waiting the packet from the head of the queue is
fetched. If no packets are present at the time of the polling the CAC process
263 first waits for the end of the slot to see if it is the destination’s turn to
send a packet. If no packets arrive in the current slot the CAC process 263
assumes the connection is released. It is assumed that the connection
process will be notified of this and will send the next packet when it
arrives as a connection establishment cell.

Whenever a new connection or a new burst of an existing
connection starts, the CAC process 263 sends the connection establishment
cell to the remote process. In this way the CAC process 263 reserves the
bandwidth for this connection. The CAC process 263 must chose from the
set of accessible slots to make the initial transmission. To decide which
slots are accessible additional information obtained from channel power
sensing can be used. The CAC process visits the accessible slots from table
280 in a cyclic order making a random binary decision to transmit upon
each visit. Inaccessible slots are skipped in this procedure. When the
random outcome is “1” the CAC process 263 transmits the packet in the
current slot. If the random outcome is “0” the next accessible slot is
visited.

In the case that the reserved access queue (RAQ) 270 for a specific
connection starts to build, the connection access process can initiate a
bandwidth expansion request. This request is the same as the regular
transmission request placed in the RAQ 270, except that the cell is placed in
the buffer 271 of the contention access queue (CAQ) process 264.

The error check number in trailer 246 in the physical layer allows

_for an internal assessment at the receiver end as to the correctness of

received cells. By providing error correcting in the physical layer 220,
variable-rate non-binary error-correcting code extending over two or more
cells is provided. This allows robustness against cell loss, allowing cells to
be recovered, which is particularly useful in view of the new and unique
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processes described above which allow experimentation as to the
accessibility of idle time slots.

This combination of features enables a unit wishing to access the
channel to transmit an ATM cell and wait for an acknowledgement. If the
transmitted cell collides with a cell on the channel belonging to another
conversation, it will not affect that other conversation because the error
coding of that communication is sufficient to recover the lost cell. In the
meantime the unit wishing to access the channel will not receive any
acknowledgement and will not use that cell location or slot in the next
frame period. If an acknowledgement is received, the initiating unit
concludes that the time slot is available. Because of the subdividing of the
channel by the radio unit into frames, the availability of a slot indicates
the availability of the same slot in subsequent frames and the unit can
continue to transmit cells in the same slot in subsequent frames. A
dedicated acknowledgement for each subsequent cell is not required, as
this would be wasteful of the channel resource. Instead the protocol
allows for various schemes for acknowledging a string of cells or for
including an acknowledgement in a data cell in the return channel.

Thus a system has been described which allows asynchronous access
to a radio channel by many different radio units, with many different
communications simultaneously interleaved on the channel.

Mathematical modelling shows significant advantages in the
scheme described over existing schemes such as slotted ALOHA. Given
that a message is coded in such a way that a maximum of L packets (cells)
can be lost without losing the whole message and where the number of
packets in a coded message is N and the number of information packets is
K, such that K+L < N, FIG. 7 illustrates the throughput (S) of the system, as
a percentage of total capacity, for four different combinations of N, K and
L. In each case an optimum code rate (K/K+L) is used, i.e. the code rate

~ that maximizes the throughput for the selected total message length. In

the model, a slotting structure has been applied to the channel for
simplicity and, also for simplicity, it is assumed that when a node has a
message consisting of many packets, it sends a packet and in the next slot it
listens for an ACK. If an ACK is received, the rest of the packets follow
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immediately in sequence, without applying any frame structure. If no
ACK is received, a retry is attempted after a random delay.

The sets of values for the four curves illustrated are:

Curve A: N=20, K=13, L=6
Curve B: N=40, K=29, L=10
Curve C: N=80, K=59, L=20
Curve D: N=100, K=79, L=20

The code rate as defined above is 68%, 74%, 74% and 80% for curves
A to D respectively and the code "depth" as defined above (L/N) is 30%,
25%, 25% and 20% respectively.

The model shows that the throughput (S) exhibits a maximum with
increase of message arrival rate (G). Larger message sizes (larger values of
N) give greater throughput because the proportion of access attempts is
lower for a given packet transfer rate. The model shows that throughput
rates of 48-70% of total capacity are readily achievable. Similar models for
slotted ALOHA show a maximum throughput rate at about 36% of total
capacity. '

Analysis of everyday use of communications shows that typical
voice communication takes place in talkspurts with an average length of
2.5 seconds. One such talkspurt at 64 Kbps would require 417 cells. (The
lengths are exponentially distributed; each spurt in the one direction is
followed by 2.5 seconds of silence, also exponentially distributed, then by
another talkspurt in the other direction.) Typical data usage shows
average message lengths of 120 octets (3 cells) uplink (exponentially
distributed). Each uplink data message is followed by an unknown period
of inactivity (host network response time; typically between 0.5 and 2
seconds), and then by the host response, which contains an average of 5000
octets (104 cells), also exponentially distributed. Of course, these figures are
merely examples and different behavior will be exhibited by different types

. of usage.

It can be seen that the present system as modelled and illustrated in
FIG. 7 is highly suited to voice and data communications and that the
lengths (average 417 cells and average 104 cells respectively) of talkspurts
and data messages can be supported by strings of cells arranged in messages
where N is sufficiently large as to reap the benefit of greater throughput.
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Video communication is predominantly fixed rate, though possibly
variable rate and the rate can be negotiated during the progress of a
transmission as well as at startup. Video transmissions generally last for
many minutes. The present system is also highly suited to supporting
video communications.

The wireless ATM system so far described has many advantages and
benefits as explained, but further improvements can be made, for example
to address problems that arise if the ATM network 10 overlaps with
another network 11 having packets of a different size.

It is desirable that the order of transmissions on the channel
converge in such a fashion that all transmissions occur at regular intervals
at the rate chosen for the basic frame rate (or multiples or fractions of that
frame rate) and that unoccupied time be concentrated in one contiguous
piece. This is illustrated in FIG. 8.

FIG. 8 shows a channel 300 continuing as time line 301. Channel
300 is shown as divided in time by frame markers 302, 303 and 304. Time
line 301 is divided by frame markers 304, 305 and 306. Channel 300 and
time line 301 represent a channel in first and second scenarios. The frame
markers do not represent any physical transmission on the channel, but
are time markers at regular intervals. It is a feature of an ATM system that
a channel is divided into frames and that the positions of the frame
markers need not be synchronized between the receiver and the
transmitter, provided that each of the receiver and transmitter operates to
the same frame length. The consequence of this is that a receiver is able to
identify cells in a sequence belonging to the same virtual circuit because
the desired cells are separated in time by an amount equal to the frame
length.

In FIG. 8, there are three virtual circuits established, that is to say
three pairs of radio units are simultaneously conducting conversations on

_the channel. In the example, the three pairs of radio units are all from the

same network 10 in FIG. 1 (set A). The three virtual circuits are
represented by the references Al, A2 and A3 in FIG. 8. The first virtual
circuit represented as A1 comprises cell 310 in the frame separated by
¢rame markers 302 and 303 and cell 313 in the frame represented by frame
markers 303 and 304. It can be seen that the cell appears in the same



WO 97/41660 PCT/US97/06366

10

15

20

25

30

35

-25-
position in each frame. Similarly, cell 311 is a cell of the second virtual
circuit represented as A2 and cell 314 is the next cell of the same virtual
circuit. The illustration is not to scale.

It can be seen that there is a gap between cells 311 and 312. This gap
could be used for a cell of a further virtual circuit.

In the example illustrated, there is insufficient room between cells
311 and 312 for a larger cell 19 (FIG. 1) from network 11 to be inserted. It is
therefore a feature of the preferred embodiment of the present invention
that units communicating on the system adjust the locations of their
transmitted cells in a more efficient manner.

In the example illustrated, this is achieved by the unit transmitting
cell 315 to cause cell 315 to be transmitted in a position to the left of the
illustrated position, as represented by arrow 316. This is done by sending a
probe cell in the new location. If an ACK is received, the shift is
successful. If no ACK is received, the unit reverts to using the previously
occupied location or tries a different location. After successfully shifting
the location of its transmitted cell, it can be seen that subsequent cells 317,
318 and 319 are contiguous with no empty locations between them. From
the continuation of the time line 301 in the lower half of 355, it can be seen
that there is now a gap 320 following cell 319 and before the next cell 324.
Another radio unit from network 11 of FIG. 1 (set B) is able to sense this
gap and determine that the gap is large enough for the unit (e.g. unit 13),
which requires transmission over larger cells, to be inserted in the gap.
Accordingly, the next frame, between frame markers 305 and 306 (or at a
later time) unit 13 is able to transmit its larger cell 330 in the gap created.

Note that the unit transmitting cell 315 can attempt to shift its cell
transmission by a fraction of one cell length at a time, or in units of one
cell length at a time as shown.

Thus, an arrangement has been provided which is efficient when

- there are co-existing networks operating with different cell sizes.

Assuming now that the channel has stabilized in the state described
above, when a new terminal desires to commence communications (e.g.
terminal 12 of FIG. 2), it performs the steps illustrated in FIG. 9. It starts a
program in microprocessor 130 commencing with step 400. In step 401, it
optionally listens to the channel for several frames, optionally utilizing a
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carrier sensing mechanism, thereby gaining an estimate of the location of

the available channel time. This optional step will accelerate the rate at
which the new terminal converges with those already in operation, but is
by no means necessary for the protocol to work well. The new radio unit
organizes its initial data to be transmitted into a group of wireless ATM
cells in step 402. It then, in step 403, forms a code word at the entry rate of
transmission, which is a relatively low rate. This entry rate has a high
degree of protection against cell loss, by having a high proportion of extra
FEC cells 245 in the physical layer 220. The unit 12 then transmits the cells
through its transmitter 101 at the desired cell rate, preferably at a rate of
one cell per frame. It sends probe cells and selects a different random
location (i.e. time) within each successive frame in step 404. In other
words, it uses "time hopping" from frame to frame.

The program of FIG. 9 enters a convergence sub-routine 408
illustrated in FIG. 10. The radio unit with which unit 12 is
communicating (e.g. unit 14) informs radio unit 12 of the success or failure
of each individual probe cell. The radio unit 12 receives this notification
for individual cells. Due to the high degree of error recovery protection, it
can be assumed that lost cells are recovered. In step 420, the program
determines whether there are still untried time locations (slots or fractions
of slots). Assuming there are still some untried locations, the radio unit
sends the next block of cells in step 421 in the same manner as before, this
time avoiding those time locations within the frame where the table 280
of FIG. 6 indicates that cells have been lost. Note that other terminals in
the area, for example, terminals 15 and 16 of FIG. 1, will not have lost any
significant data, as their transmissions are also covered by a degree of error
correcting adequate to allow for new uncoordinated traffic such as is being
described here.

In step 422, a determination is made as to whether sufficient good

~ locations have been identified in table 280 for communication to continue

at the desired rate. Steps 409, 420 and 421 can be repeated until a
satisfactory number of good locations have been found. If, before this
situation is reached, step 420 determines that all locations in the frame
have been tried, the program proceeds to step 424, where the cell rate per
frame is reduced and subsequent cells are sent using the time locations of
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the successful cells, avoiding time locations of unsuccessful cells. If,

foliowing step 422, sufficient good locations are found, a time location
shift routine illustrated in FIG. 10 is commenced (step 426). Following the
time location shift routine or following step 424, the cell rate per frame is
set, the preferred cell locations are set, the program of FIG. 10 returns to
FIG. 9 and a code rate increase routine (step 429) and a steady-state routine
430 are carried out.

Referring to step 426 of FIG. 10 and referring to FIG. 11, a time
location shift routine is illustrated in which step 450 operates by channel
sensing to identify the largest gap in the frame, for example, gap 320
illustrated in FIG. 8. Step 452 selects a new position for one or both cells
on either side of the gap. In the example illustrated in FIG. 8, it is the unit
communicating over virtual circuit A3 that selects a new position for cell
319. It could be arranged that the unit communicating over virtual circuit
A2 attempts to move cell 314 to the right in FIG. 8. The direction and
amount of a time location shift can be ordered or randomized. If, in step
454 of FIG. 11, there is a successful acknowledgement of the shifted cell,
steps 450 and 452 can be repeated. When a time shift attempt is
unsuccessful, there is a negative acknowledgement from the
communicating unit so that step 454 continues to step 456 and the radio
unit reverts to the last selection of time locations for its transmissions.

The algorithm of FIG. 11 uses a combination of channel monitoring
and acknowledgements such that the successful busy cells move in time in
such a way that the unoccupied channel time is concentrated in one piece.
The program returns at step 458 to the point where it exited the program
of FIG. 10, that is to say at step 426.

In the penultimate step of FIG. 9, step 429, a code rate increase
routine is performed. A flow chart of this routine is illustrated in FIG. 12.
The code rate increase routine starts at step 500. In this routine, step 501

. performs the operation of reducing the ratio of error correction code

overhead to data. This can be conducted, for example, by decreasing the
proportion of FEC coding cells 245 for a given number (block) of ATM cells
226, 227.

If, in step 502, there is no measured increase in rate of cell loss, the
program can return to step 501 and the ratio of error correction overhead



WO 97/41660 PCT/US97/06366

10

15

20

25

30

- 28 -

can be reduced further. FIG. 12 illustrates that steps 502 and 501 can
continue indefinitely until there is an increased rate of cell loss, but it will
also be understood that there is a predetermined minimum level of error
correction overhead beyond which no further reduction is desired. If,
following step 502, there is an increased rate of cell loss, step 503 causes the
ratio of error correction overhead to data to be re-established at the last
ratio before step 501 was last executed. In step 504, the program returns to
the program of FIG. 9 and steady state routine 430 is performed.

Thus, a method is provided wherein first data cells are sent from
the first unit 12 to a second unit 14 and for a predetermined number of
first data cells 226, 227 sent (e.g. 15 or 18), additionally a first number of
error code cells 245 are sent (e.g. three). Control information is received
from the second unit 14 (in SAMA field 251) indicative of successful
receipt of the first data cells. Second data cells are sent (not shown in the
figures), and for the same predetermined number of second data cells (e.g.
also 15 or 18) a second reduced number of error code cells are sent (e.g. two
error code cells). Alternatively for the same total block length a greater
proportion of data cells are sent.

A corresponding error code rate decrease routine is provided
similar to that of FIG. 12, this time initiated by NACKSs received from the
communicating unit or initiated by the absence of ACKs. The routine
comprises, at the first unit 12: receiving control information (in SAMA
field 251) from the second unit 14 indicative of unsuccessful receipt of the
second data cells; sending third data cells; and sending, for the same
predetermined number of third data cells, a third number of error code
cells (e.g. three error code cells) greater than the second reduced number.
Alternatively for the same total block length a greater proportion of error
code cells are sent.

In the steady state routine 430, frame locations (slots) are visited in a

. cyclic order and permission to transmit, i.e. probe, for accessibility in a

given location is obtained through a random binary decision. The
probability of obtaining permission in a given location is no greater than a
predetermined probability value. After a location is accessed and no ACK
is received, the location is marked inaccessible in the table of FIG. 6.
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Radio units entering a stable state are expected to act to maximize
the size of the largest available time segment by moving towards one end
of the basic frame. To sense their approach to other transmitting units,
they introduce a small (small fraction of a cell) variation in each cell
transmission time, stopping their progression when a cell at the extreme
variation is lost.

Note that the arrangement described has the advantage that it is not
necessary to decode signals from other units on the channel in order to
probe for channel availability, nor is it even necessary to sense activity on
the channel. An attempt at probing for a location for transmission of a
cell causes interference to other users in isolated cells, which are
recoverable. The originator of a circuit set-up makes the decision as to
whether an ACK is received or not and therefore whether the sought-after
channel capacity is available.

Among the aspects of the invention described above is a method of
operation of a first radio unit which is in communication with a second
radio unit, comprising: receiving cells of equal length from the second
radio unit, each cell having a sequence number; storing in a buffer any
cells which are received out-of-order as determined by the sequence
numbers; and reordering received cells from the buffer upon receipt of
out-of-sequence cells. The method preferably comprises reconstructing
cells not received in order after a predetermined period of time. A
negative acknowledgement is preferably sent to the second radio unit if a
predetermined number of cells of a sequence of cells stored in the buffer
are not received within a predetermined window.

It will be understood that the above description has been given by
way of example only and that modifications of detail can be made within
the scope and spirit of the invention.

We claim:
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Claims

1. A method of communicating between a first radio unit and a
second radio unit over a communication channel having repeating
frames, comprising:

transmitting a first burst of data on the communication channel at a
selected first time in a first frame;

waiting for receipt of an acknowledgement of the first burst; and

if an acknowledgement is received, sending a series of further
bursts at times in later frames corresponding to the selected first time, else
transmitting the first burst of data on the communication channel at a
different time in a later frame.

2. The method of claim 1, wherein further comprising:

(a) forming data for transmission into cells;

(b) transmitting on the communication channel at a first selected
time relative to a first frame a first cell comprising a first type identifier;

(c) waiting for receipt of an acknowledgement of the first cell;

(d) retransmitting the first cell including the first type identifier in a
second selected time relative to a second frame different to the first
selected time when an acknowledgement is not received;

(e) repeating steps (c) and (d) with a different second selected time
until an acknowledgement is received; and

(f) sending a series of further cells of further data at times relative to
later frames corresponding to a selected time resulting from steps (b) to (e),
each cell of the series of further cells comprising a second type identifier.

3. The method of claim 2 further comprising providing error coding

~ across the first cell and the series of further cells.

4. The method of claim 2 or 3 comprising the steps of sensing power
on the communication channel and selecting at least the first selected
time based at least in part on power sensed.
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5. The method of claim 2, 3 or 4 further comprising:

concluding, at the first radio unit, that at least one cell transmitted
from the first radio unit to the second radio unit was not reliably received
at the second radio unit, based on at least one of acknowledgements
received from the second radio unit and acknowledgements not received
from the second radio unit; and

retransmitting the at least one cell.

6. The method of claim 2, 3, 4 or 5 wherein the data is formed into
cells of equal length.

7. The method of any one of the claims 2 to 6 comprising the steps of:

identifying activity on the communication channel;

identifying a gap in a frame adjacent the selected time, where no
activity is identified on the communication channel;

transmitting on the communication channel at a shifted time
relative to a later frame, different to the selected time, a subsequent burst
of data including the first type identifier;

waiting for receipt of an acknowledgement of the subsequent burst
of data; and

continuing to transmit later bursts at the shifted time instead of the
selected time relative to later frames if an acknowledgement is received,
thereby increasing the gap.

8. The method of claim 1, wherein the step of transmitting the series
of further bursts includes providing error coding across the series of

further bursts.

9. The method of claim 8, wherein the error coding has a depth

. sufficient to allow recovery of at least one burst if lost.

10.  The method of claim 8 or 9, comprising a step of reducing the
proportion of error coding in the series of further bursts.
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11.  The method of any one of claims 8 to 10 comprising a step of
selecting the selected first time from a table of times stored in memory.

12.  The method of claim 11, further comprising a step of maintaining
in the table a record of accessible and inaccessible times based on previous
successful and failed attempts at accessing the times.

13.  The method of claim 11 or 12, wherein the step of selecting
comprises selecting from the table in cyclic order a times recorded as
accessible.

14.  The method of any one of claims 1 to 13, wherein the step of
transmitting the first burst at a different time in a later frame comprises
selecting the second time at least in part based on a random selection of an
available time.

15. A radio unit for communication over a communication channel
having repeating frames, comprising:

a memory having stored therein a table of time locations and
indications of availability of time locations;

a processor coupled to the memory for selecting a first time location
from the table;

a transmitter for transmitting a burst of data on the communication
channel at the first time location in a first frame;

a receiver for receiving an acknowledgement to the burst of data;
and

a logic unit responsive to the processor for controlling the
transmitter to send a series of further bursts at time locations in later
frames corresponding to the first time location when the receiver receives

‘the acknowledgement.

16.  The radio unit of claim 15, further comprising an error coding
circuit for providing error coding across the burst of data and the series of
further bursts.
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17. A method of preparing a sequence of cells for transmission over a
radio channel comprising;:

forming data into cells of equal length, each cell having at least
synchronization information, a physical layer field, a sequence number,
and an error check number; and

providing error coding spread across the cells such that a lost cell is
recoverable from adjacent cells.

18.  The method according to claim 17 further comprising:
transmitting the sequence of cells so formed;
receiving acknowledgements to transmitted cells; and
selectively adjusting an amount of error coding added for
subsequent cells dependent on the acknowledgements received.

19. A method of communicating between a first radio unit and a
second radio unit comprising, at the first radio unit:

sending first data units from the first radio unit to the second radio
unit;

for a predetermined number of first data units sent, additionally
sending a first proportion of error code units;

receiving control information from the second radio unit
indicative of successful receipt of the first data units;

sending second data units; and

sending, for the same predetermined number of second data units,
a second reduced number of error code units.

20. The method of claim 19 further comprising, at the first radio unit:

receiving control information from the second radio unit
indicative of unsuccessful receipt of the second data units;

sending third data units; and

sending, for the same predetermined number of third data units, a
third number of error code units greater than the second reduced number.
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21. A method of operation of a communications system comprising a
plurality of radio units communicating on a communications channel,
the method comprising:

establishing a basic frame rate for all radio units in the

5  communications system; and

commencing two-way communication on the communications
channel between any two radio units of the plurality of radio units by
transmitting data units, of a size fixed at least for a duration of a
communication, from a first radio unit to a second radio unit at a rate

10  which is one of an integral multiple and an integral divisor of the basic

frame rate.

22.  The method of claim 21 wherein the step of commencing two-way
communication comprises:
15 transmitting a first data unit on the communications channel in a
selected time in a first frame;
waiting for receipt of an acknowledgement of the first data unit; and
when an acknowledgement is received, sending a series of further
data units of further data at times in later frames corresponding to the
20  selected time.

23.  The method of claim 21 or 22, wherein the step of establishing a
basic frame rate comprises predetermining a frame rate.

25 24. The method of claim 23 further comprising:
commencing two-way communication between a third radio unit
and a fourth radio unit by transmitting data units from the third radio
unit to the fourth radio unit at a rate which is one of an integral multiple
and an integral divisor of the basic frame rate and at times which are
30 _ asynchronous with respect to data units transmitted between the first
radio unit and the second radio unit.

25. A method of operating a first radio unit for communication
between the first radio unit and a second radio unit over a
35 communication channel, comprising:
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forming data for transmission into cells of equal length;

transmitting a first cell of data on the communication channel in a
selected time in a first frame;

waiting for receipt of an acknowledgement of the first cell; and

when an acknowledgement is received, sending a series of further
cells of further data at times in later frames corresponding to the selected
time without receiving separate individual acknowledgement packets for
individual cells.

26.  The method of claim 25 wherein:

the first cell of data comprises a field having a first type identifier;
and

each cell of the series of further cells has a field comprising a second
type identifier.

27.  The method of claim 25 further comprising:

receiving at the first radio unit a first cell of data on the
communication channel in a first time in a first frame;

transmitting an acknowledgement to the second radio unit;

receiving a series of further cells of further data at times in later
frames corresponding to the first time; and

transmitting a single acknowledgement cell from the first radio
unit to the second radio unit following receipt of the series of further cells.

28.  The method of claim 25, 26 or 27, wherein the step of receiving the
series of further cells comprises receiving data cells and error code cells
and performing error correction on the data cells using the error code
cells.

- 29.  The method of claim 27, further comprising receiving at least one

previously-received cell of the series of further cells, identifying that the
previously-received cell has already been received and sending an
indicator to the second unit indicating that the cell has previously been
received.
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30. The method of claim 29, wherein the step of identifying comprises
comparing a number in a received cell with a number of a previously

received cell.
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