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RADIO SYSTEM AND METHODS FOR
DUPLEX OPERATION

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE 10 REISSUE
APPLICATIONS

Morve than one reissue application has been filed for the

reissue of U.S. Pat. No. 6,747,966. The reissue applications
are application Ser. No. 11/446,603 (the parvent veissue appli-

cation, filed on Jun. 2, 2006 and issued as U.S. Pat. No. Re.
41,178) and Ser. No. 12/657,964 (the present divisional reis-
sue application, filed on Jan. 29, 2010).

FIELD OF THE INVENTION

The invention relates to radio systems and particularly to
the effective processing of interactive traific in a radio band.

BACKGROUND OF THE INVENTION

In future mobile systems, the proportion of a radio resource
to be allocated to different subscribers varies considerably
according to the required capacity and the standard of service.
The new services oflered together with normal speech trans-
mission and the requirements relating to data transmission
increase the need for allocating the radio resource more eifi-
ciently.

A Irequency band reserved for a radio system 1s allocated
to users as radio channels in accordance with the selected
multiple access technique (Multiple Access). A radio channel
1s a frequency band employed 1n a radio connection or a
portion of the frequency band separated for example by
means of time or a user-specific code. In analogue systems,
radio channels are usually frequency channels, whereby a
dedicated frequency band 1s reserved for each radio connec-
tion, the frequency band being a part of the frequency
resource 1n the system. This technique 1s called frequency
division multiple access (FDMA). In time division multiple
access (IDMA), a time slot 1s assigned for each radio con-
nection from a common frequency band. Code division mul-
tiple access (CDMA) 1s a multiple access techmque 1imple-
mented by means of a spread spectrum technique wherein
radio transmissions employing the same frequency band are
coded 1in such a way that signals for a particular receiver party
can be received only at particular recervers.

A radio system based telecommunication connection can
be a sitmplex or a duplex connection. The simplex connection
1s a telecommunication connection wherein the user can only
either transmit or receirve information simultaneously. The
duplex connection i1s a telecommunication connection
wherein the user can transmit and receive information simul-
taneously. A semiduplex connection 1s a combination of the
two aforementioned connections, 1.e. a telecommunication
connection wherein one party employs the simplex connec-
tion and the other party employs the duplex connection.

In radio traffic, the duplex connection 1s often implemented
by employing diflerent transmission and reception frequen-
cies (Irequency division duplex, FDD). The diflerence
between the transmission frequency and the reception ire-
quency 1s called a duplex spacing. Most digital mobile com-
munication systems, such as the GSM (Global System for
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Mobile Communications) and DCS-1800 (Dagital Cellular
System for 188 MHz) are based upon time division multiple
access (IDMA) implemented by a FDD telecommunication
connection. New PCS (Personal Communication System)
systems 1implemented 1n the U.S. will apply a new 1S-93
system based upon code division multiple access (CDMA).

Another duplexing method 1s time division duplex (TDD)
wherein the signals are transmitted time-interleaved on the
same transmission channel. In systems employing frequency
division multiple access (FDMA) implemented by a TDD
telecommunication connection, for example 1 the CT2
(Cordless Telephone, 2nd generation), transmission alter-
nates with reception in a frequency band reserved for one
subscriber. In systems employing time division multiple
access (IDMA) implemented by the TDD connection, such
as the DECT (Digital European Cordless Telecommunica-
tions), transmission alternate with reception 1n a frequency-
band time slot reserved for one subscriber.

In mobile communication systems, the connection
between mobile stations and base stations 1s accomplished
through a radio path. A channel from the mobile station to the
base station 1s called an uplink transmission path and, corre-
spondingly, a channel from the base station to the mobile
station 1s called a downlink transmission path.

A radio connection 1s based on successive data frames, the
data frames being constructed according to the selected mul-
tiple access technique of for example adjacent frequency
bands and time periods. The part of the frame which can be
unambiguously referred to by means of selected parameters
(such as a frame frequency band, a time slot number or a code)
1s called a frame address. A radio channel 1s hereimafter taken
to mean a data transmission implemented 1n adjacent frames
in one or several determined frame addresses. The properties
of the radio channel communication can be affected by allo-
cating the frame addresses. By establishing a radio channel
composed of several frame addresses, more data transmission
capacity will be obtained for example for the data transmis-
S101.

An interactive data transmission 1s a duplex communica-
tion where messages 1n the uplink and downlink transmission
paths interact with each other. An example 1s given here
illustrating a channel allocation between the mobile station
and the base station. The uplink transmission path 1s herein-
after referred to as the uplink and the downlink transmission
path 1s referred to as the downlink. The base station informs
about free addresses 1n a message transmitted on a’Y channel
(Yell) in the downlink direction. A mobile station desiring to
establish a connection transmits a random access (RA) mes-
sage 1n the uplink direction on a channel selected among the
channels 1indicated to be free by the Y channel, the RA mes-
sage 1ncluding the desire to establish a connection. The
desired standard of service, 1.e. the amount of the resource the
connection to be established requires, 1s also informed 1n the
RA message. The RA message 1s responded by an access
grant (AG) message 1n the downlink direction, the AG mes-
sage informing the mobile station about the frame address or
frame addresses to be employed in the radio channel to be
established.

The above described message transmission 1s accom-
plished without problems when ftraflic intensity 1s low
enough, the downlink messages having enough time to react
with the previous uplink messages by means of the suitable
selection of the frame addresses. The frame becomes full with
the increase of traific, whereby the messages relating to the
interactive connection are located within the entire frame
matrix and all the message addresses cannot then be selected
in a suitable way. Consequently, the downlink messages can-
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not always be positioned 1in such frame addresses wherein the
messages would have enough time to react with the messages

submitted 1n the previous message 1n the uplink direction or,
on the other hand, where there would be enough time to
transmit information useful for all the subsequent frames in
the uplink direction. The use of the channel resources 1n this
way 1s melfective and radio spectrum 1s wasted 1n the imple-
mentation of the mteractive connection.

A similar problem 1s faced for example with the data trans-
mission originating from the mobile station 1n connection
with acknowledgement messages. A number of frame
addresses 1s allocated to a subscriber for the data transmis-
sion. When the data transmission in the uplink direction 1s
completed, the base station sends an acknowledgement mes-
sage (for example automatic repeat request, ARQ) to the
mobile station, the subscriber using the message for detecting,
whether the data transmission was successiul. If the system
disconnects the connection immediately after the data trans-
mission and, after disconnecting the connection, recerves a
message of the data transmission failure, the connection must
be re-established. If the system maintains the connection until
the positive acknowledgement, an extensive channel alloca-
tion must be maintained unnecessarily in connection with the
positive acknowledgement, 1.e. capacity 1s wasted in the
implementation of the interactive message transmission.

BRIEF DESCRIPTION OF THE INVENTION

The object of the present invention 1s to introduce a method
which provides a simple way to avoid the above described
problem relating to the use of the channel resource in the
implementation of an interactive telecommunication connec-
tion.

This object 1s achueved by the method for the interactive
communication in a full-duplex radio band comprising an
uplink direction and a downlink direction. The method 1s
characterized by

time-duplexing the full-duplex radio band at least into a

first sub-band and a second sub-band,

communicating in said at least first sub-band and second

sub-band simultaneously and yet independently 1n such
a way that the uplink communication 1n the first sub-
band occurs simultaneously with the downlink commu-
nication in some other sub-band and the downlink com-
munication 1n the first sub-band occurs simultaneously
with the uplink communication in some other sub-band.

The mmvention also relates to the methods according to
claim 2, 3, or 4 and radio systems according to claims 7, 8 and
9.

The invention 1s based on the 1dea that the FDD telecom-
munication connection 1s improved by providing the connec-
tion with two or more TDD dimensions. The general
approach of the mvention i1s that the full-duplex frequency
band 1s time-duplexed into two or more sub-bands with a
substantially independent interactive communication. Trans-
missions in different transmission directions in each sub-
band occur at different times but a simultaneous transmission
in two different sub-bands can occur 1n different transmission
directions. It 1s an advantage of the invention in the interactive
communication that the message 1s recerved entirely in one
transmission direction before the response 1s required 1n a
particular sub-band in another transmission direction. On the
other hand, the frequency band 1s utilized for traific eflec-
tively, since 1t 1s possible to transmit simultaneously 1 dif-
ferent sub-bands 1n reverse transmission directions.

In a preferred embodiment of the invention, one FDD
frame, hereinafter referred to as a superframe, 1s composed of

5

10

15

20

25

30

35

40

45

50

55

60

65

4

at least two subframes that are time-duplexed with respect to
the corresponding subirames in the reverse transmission
direction. Interactive connection messages are formed on the
basis of the previous subirame message or sublrame mes-
sages 1n the reverse transmission direction.

It 1s an advantage of the invention that the information
needed by the interactive message and transmitted through
cach subirame can be utilized as a whole during said sub-
frame. The system has then enough time to react with the
information transmitted in the previous subirame. This effect
can be improved 1n some systems by locating the messages
wisely 1n the frame. Interactive signalling becomes faster and
the utilization of the frequency spectrum becomes substan-
tially more effective compared with prior art solutions.

For example the allocation of free channels 1n the downlink
direction 1n association with the channel allocation 1s based
upon the information within the entire previous uplink frame.
The frame addresses detected to be free on the basis of the
previous uplink subirame are informed 1n the downlink sub-
frame by means of virtual time-duplexing according to the
invention. The system has then enough time to take into
account all the random access messages from the previous
uplink subframe and to inform about the free channels on the
basis of this information in the next corresponding downlink
subirame. This allows the mobile stations to have the channel
allocation information for use 1n the next subirame, 1.e. they
are given access to the channels considerably faster than
betore. In the prior art solution, a Y channel message 1n the
downlink direction cannot respond to all the uplink frame
messages, whereby the corresponding allocation message
can be delayed by at least one frame.

The time-dependent separation of messages transmitted 1n
different transmission directions provides many benefits
which are dealt with 1n more detail in connection with the
detailed description of the embodiments of the invention. It 1s
obvious, however, that the mvention provides a substantial

improvement 1n the implementation of the radio connection
through the data frames.

LIST OF FIGURES

The 1nvention will be described 1n more detail with refer-
ence to the accompanying figures, in which

FIG. 1 i1llustrates a frame structure and channels of a radio
interface,

FIGS. 2 and 3 illustrate uplink and downlink radio bands,
their frame division and two different interactive tratlic situ-
ations,

FIG. 4 shows a frame structure i uplink and downlink
bands according to the primary embodiment of the invention,

FIG. 5 1llustrates interactive communication in association
with a frame structure as shown 1n FIG. 4,

FIG. 6 1llustrates a data transmission acknowledgement 1n
association with a frame structure as shown 1n FIG. 4, and

FIG. 7 illustrates interactive communication in the case
where the superirame of the invention 1s composed of three
subirames, and

FIG. 8 is a diagram illustrating a radio system comprising
a base station and a mobile station.

DETAILED DESCRIPTION OF THE INVENTION

In the following, the invention 1s described 1n more detail in
association with TDMA multiple access technique, the inven-
tion, however, not being restricted to this technique. The
application of the invention within the scope of the specifica-
tion and claims of the invention 1n other multiple access
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techniques, such as CDMA, 1s obvious to those skilled in the
art. The concepts channel and frame are then applied accord-
ing to the principles of the multiple access technique to be
used.

FI1G. 1 illustrates a radio interface based on data frames and
traific channel allocation 1n a frame system. In TDMA mul-
tiple access technique, a y-direction drawn in FIG. 1 shows
frequency differentiation, 1.e. each overlapping v level (v1,
y2, v3) illustrates one frequency segment. Correspondingly,
an X-direction drawn 1n FIG. 1 shows time differentiation, 1.e.
cach adjacent x level (x1, x2, x3, x4) illustrates one time slot.
A radio channel can be unambiguously identified by an
address (for example x3, v2) addressing one rectangle 1n a
frame shown 1n FIG. 1. A channel 1s composed of information
transmitted 1n a determined frame address of one frame or
successive frames (F1, F2, F3, F4).

The frame 1n FIG. 1 shows a data frame associated with a
substantially one transmission direction. A reverse transmis-
s1on direction 1s composed of a structurally 1dentical frame 1n
another frequency segment. FIG. 2 illustrates channel
arrangement for one frequency band, (one layer 1n the y-di-
rection in FI1G. 1) 1n the uplink and downlink directions (U
and DL respectively). A duplex frequency spacing (dF) exists
between the UL band separated from the uplink frame and the
DL band separated from the downlink frame and, 1n prior art
solutions, the downlink frames have been delayed by some
time slots (d'T) compared with the uplink frames. For example
in the GSM system, the duplex spacing 1s 45 MHz and the
numbering of downlink frame time slots 1s delayed by three
time slots compared with the uplink frames.

An 1nteractive radio connection 1s a duplex data transmis-
s10n where a message submitted in one transmission direction
alfects the corresponding message transmitted in the reverse
transmission direction. Signalling of a mobile station and a
base station during the channel allocation and different types
ol acknowledgement messages 1n the data transmaission are
given as examples of interactive connections.

In future mobile communication systems, the use of inter-
active connections will most likely dramatically increase. In
the new systems, a channel 1s not reserved subscriber-specifi-
cally for the whole session (for example a call), but the chan-
nel 1s allocated to the subscriber for the time periods during
which there 1s an actual need for the data transmission (for
example speech or data transmission). In that case, channel
allocation takes place before each data transmission transac-
tion.

An teractive radio connection 1s illustrated 1n FIG. 2 by a
circle 1n a UL frame representing an interactive message and
by a triangle in a DL frame representing the corresponding,
message. The interactive data transmission 1s composed of
successive circles and triangles, the circle being a response to
the triangle, the triangle being a response to the circle etc.
When the system 1s not heavily loaded,the interactive mes-
sage transmission 1s successiul by means of an appropriate
selection of frame addresses, and the interactive message can
be established in both transmission directions on the basis of
the recetved messages. When the frame begins to fill up
because of the increasing communication or a greater amount
of time slots reserved for the subscriber, the situation
becomes more complicated.

FI1G. 3 1llustrates a situation where the interactive message
in the downlink direction (marked with a triangle) shown 1n
FIG. 2 1s composed on the basis of the messages submitted 1n
the entire uplink frame. Such a situation exists for example in
connection with an access grant (AG) message given 1n said
DL frame. The base station informs about free addresses 1n a
Y channel message in the downlink direction. A mobile sta-
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tion desiring to establish a connection 1n the uplink direction
selects a channel which has been informed to be free and
sends a random access (RA) message in the uplink direction
on said channel informing in the message about 1ts desire to
establish a connection. The random access message 1s
responded by the access grant (AG) message 1n the downlink
direction informing the mobile station about the frame
address or the frame addresses to be used on the radio channel
to be established.

The frame will become full with the increase of commu-
nication, 1.¢. messages associated with the imteractive connec-
tion are located within the entire frame matrix. Consequently,
the downlink messages have no time to react with the uplink
messages submitted 1n the previous message, and, on the
other hand, they have no time to transmit the information to be
utilized 1n the uplink frame. Using the channel resources in
such a way 1s 1metlective and radio spectrum 1s wasted 1n the
establishment of the interactive connection.

The solution of the invention 1s described below 1n asso-
ciation with the channel allocation without, however, restrict-
ing it to this embodiment. FIG. 4 illustrates the solution of the
invention. It 1s to be noted that only the parameters essential
for the invention will be described herein. Thus, although for
example timing advance 1s not dealt with 1n this connection,
all the specifications relating to a normal transmission must
be taken 1nto account 1n the final solution.

FIG. 4 illustrates a first embodiment of the mmvention
wherein a radio connection 1s based upon uplink and down-
link superiframes. Each superirame consists of 24 separate
frame addresses being divided into two subirames 11 and 12
which both comprise 12 frame addresses. The transmission of
the UL and DL superframes 1s timed 1n such a way that the
transmission occurs simultaneously, 1.e. the delay between
different transmission directions 1s zero. The subirames ufl/
di2 and uf2/dil in the superframes usi and dis are time-
duplexed 1n such a way that the subiframe transmissions occur
at different times.

In the channel allocation, free channels for the subirame
ui2 of the UL superframe UF1 are notified on theY channel of
the subirame dil in the DL superirame DF1 and, correspond-
ingly, free channels for the next subirame ufl of the UL
superirame UF2 are notified on the Y channel of the subirame
di2 1n the DL superiframe DF1.

Referring also to FIG. 8, an example of the radio system
100 is shown having a base station 102 and a mobile station
104. The base station 102 and mobile station 104 have sub-
systems 106, 108 to perform various features. It 1s assumed
that [a] #2e mobile station 102 of the radio system 100 listens
to the Y channel in the subirame dil of the DL superirame
DF1. The mobile station selects a free channel submitted on
the' Y channel, such as CH1, and sends a random access (RA)
message on the free channel CH1 being selected 1n the sub-
frame uf2 of the UL superframe UF1. [A] 7%e base station
104 responds by an access grant (AG) message 1n the sub-
frame dil of the DL superframe DF2. The AG message
informs the mobile station that the channel CH1 has been
reserved for 1t from the next subirame. The mobile station
starts transmitting on the channel CH1 1n the subirame ui2 of
the UL superframe UF2. Since CH1 1s now allocated to said
mobile station, 1t 1s no longer announced through the Y chan-
nel 1n the subirame dil of the DL superirame DF2. In the
above description, the channel allocation takes place by
means of the subirame pair dil and uf2. A similar separate
channel allocation can occur simultaneously (but 1n reverse
phase) by means of another subirame pair di2 and ufl. It 1s
possible that the same mobile station participates 1n the chan-
nel allocation in both subframe pairs.




US RE44,089 E

7

Interactive acknowledgement messages (Y, AG) occur in
cach sub-frame of a superiframe, preferably in the middle of
the subirame, whereby the system has enough time to react
with the messages. Tratfic channels (such as CH1) occur only
once 1 one superirame, 1.€. 1n the present example only 1n the
subirame uf2. In the present example, two connection layers
are formed 1n the frame structure for the interactive messages,
one of which 1s composed of the subirame ufl of the UL
superirames and the subiframe di2 of the DL superframes, and
correspondingly, the other 1s composed of the subirame ui2 of
the UL superirames and the subiframe dil of the DL super-
frames. FIG. 5 illustrates the connection layers which are
formed 1n the frame structure. In FIG. 5, solid arrows 1llus-
trate interactive communication at a connection level di1-uf2,
and dashed arrows illustrate communication at a connection
level di2-ufl. It 1s possible that the same mobile station par-
ticipates 1n communication at both connection levels.

By means of the solution of the invention, the allocation
situation for each UL subirame 1s already known 1n the pre-
vious DL subirame and the interactive message concerning,
cach frame address can be transmitted before the next trans-
mission of the frame address 1n the superirame. For example
in the example i FIG. 4, the AG message relating to the RA
message submitted 1n the channel CH1 1n the subframe of the
superirame UF1 1s already submitted in the subirame dil of
the superirame DF2, whereby communication on the channel
CHI1 can already start in the subirame uf2 of the superirame
UF2, the subirame ui2 being the frame wherein the channel
CH1 occurs next.

Time-duplexing the connection layer ensures that the
information submitted on the Y channel always contains
exact information about the free channels 1n the next sub-
frame. In addition, one AG message 1n the downlink direction
can be employed for responding to all the RA messages at the
same connection layer and the AG message can be transmit-
ted to the mobile station before the allocated frame address or
allocated frame addresses occur next time 1n the superframe.

A corresponding example can be presented regarding the
aforementioned data transmission acknowledgement. The
example 1s 1llustrated 1n FIG. 6. A channel CH2 composed of
two UL-frame frame addresses has been reserved for a sub-
scriber for the data transmission. When the data transmission
1s completed 1n the subirame ui2 of the superframe UF1, the
connection 1s maintained and the mobile station waits for an
ARQ acknowledgement message from the base station. In the
case of a successiul data transmission, the base station gives
the acknowledgement message in the subirame dbl of a DL

superirame DF2 and at the same time informs 1n aY message
that the frame addresses allocated to the channel CH2 are
free. In the case of an unsuccesstul data transmission, the base
station sends a message mnforming about a transmission fail-
ure 1n the subirame dil of the superframe DF2, whereby the
mobile station can continue transmission on the channel CH2.
In both cases, interactive information can be transmitted
before the actual traific channels occur next time in the super-
frame.

Interactive acknowledgement messages are preferably
placed in the middle of the frame, whereby the system 1s given
enough time to react with the mformation submitted 1n the
previous subirame. If more time 1s needed 1n the processing of
the messages in the UL and DL directions, as 1s the case in the
systems based on CDMA multiple access technique where
the duration of the message comprises the entire frame cycle,
the superirame can be composed of more than one subirame.
FIG. 7 illustrates the solution of the invention in the case of
three subframes (connection layers). The first connection
layer 1s composed of subirames uf2 and di3, the second
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connection layer 1s composed of subirames uit3 and dil and
the third connection layer 1s composed of subirames ufl and
di2. Reaction time has been increased 1n the case presented 1n
FIG. 7 by delaying the uplink transmission with respect to the
downlink transmission by half a frame cycle.
The principles of the ivention can also be applied 1n the
conventional time division duplex TDD where the signals 1n
different directions are transmitted interleaved in time on the
same transmission channel. In accordance with the invention,
the frame 1n both directions can be composed of two or more
subirames, the subirames 1n turn forming one or more con-
nection layers.
The drawings and the related description are only intended
to 1llustrate the inventive 1dea. The details of the solution and
the frame structure of the invention may vary within the scope
of the claims. Although the invention has been described 1n
association with the system based on TDMA multiple access
technique by using messages relating to channel allocation as
an example, the described solution presented in the invention
can also be employed 1n association with other radio systems
using interactive messages.
What 1s claimed 1s:
[1. A method for implementing a duplex telecommunica-
tion connection 1n a radio connections based on interactive
communication using data frames n a first transmission
direction and 1n a reverse second transmission direction, each
data frame comprising a plurality of frame addresses, and
transmission capacity of each radio connection being variable
by allocation of frame addresses to 1t, the method comprising;:
composing information of interactive communication in
the first transmission direction based on information
transmitted 1n at least two frame addresses of one pre-
vious frame 1n the second transmission direction,

forming the data frames 1n the first transmission direction
and 1n the second transmission direction from at least
two adjacent subirames, each subirame comprising at
least two frame addresses,

allocating the subirames 1n the first and second transmis-

s1on direction to each interactive communication in such
a way that the subframe 1n the first transmission direc-
tion and a subiframe 1n the second transmission direction
with allocations to the same interactive communication
do not overlap 1n time, but said subirames may overlap in
time with subirames with allocations to another interac-
tive communication. ]

[2. The method of claim 1, wherein the interactive trans-
mission includes an uplink transmission of a random access
burst and a downlink transmission of an access grant message
as a response. ]

[3. The method of claim 1, wherein the interactive trans-
mission includes data transmission in one direction and a data
transmission acknowledgement in another transmission
direction.]

[4. The method of claim 1, wherein communication occurs
at several connection layers whose number corresponds to
number of subframes.}

[5. A radio system providing a duplex telecommunication
connection 1n a radio connection based on 1nteractive coms-
munication using data frames in a {irst transmission direction
and 1n a reverse second transmission direction, each data
frame comprising a plurality of frame addresses, and proper-
ties of each radio connection being variable by allocation of
frame addresses to it, wherein the system 1s arranged to

compose mnformation of interactive communication in the

first transmission direction based on information trans-
mitted 1n at least one previous frame 1n the second trans-
mission direction,
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form the data frames 1n the first transmission direction and
in the second transmission direction from at least two
time-adjacent subirames, each subiframe comprising at
least two frame addresses,

allocate the subiframes 1n said first and second transmission

direction to each interactive communication in such a
way that the subframe 1n the first transmission direction
and a subirame in the second transmission direction
allocated with allocations to the same interactive com-
munication do not overlap 1n time, but said subirames
may overlap in time with subirames with allocations to
another interactive communication.}

[6. The radio system of claim 5 wherein the interactive
transmission includes uplink transmission of arandom access
burst and downlink transmission of an access grant message
as a response.}

[7. The radio system of claim 5 wherein the interactive
transmission comprises data transmission 1 one direction
and a data transmission acknowledgement 1n another trans-
mission direction.}

[8. The radio system of claim 5 wherein communication
occurs at several connection layers whose number corre-
sponds to a number of sub-bands.]

[9. The method of claim 1 wherein the interactive trans-
mission includes an uplink transmission of a random access
burst and a downlink transmission of an access grant message
as a response.}

[10. The method of claim 1 wherein the interactive trans-
mission includes data transmission in one direction and a data
transmission acknowledgement i1n another transmission
direction.]

[11. The method of claim 1 wherein communication occurs
at several connection layers whose number corresponds to a
number of subframes.}

[12. The method of claim 1 wherein the duration of a
message of said imteractive communication corresponds with
the cycle of the data frame it is allocated to.]

[13. The method of claim 1 wherein the data transmission
capacity of said radio communication varies corresponding to
the number of frame addresses allocated to it.]

14. A method for communication comprising:

transmitting a vequest message in a first frame of a series of

frames;

receiving an acknowledgement of the request message;

transmitting data in accovdance with the acknowledge-

ment in a second frame of the sevies of frames,

the first and second frames being next to one another in the

sevies,

the first frame comprising a plurality of frame addresses,

the frame addrvesses being divided among the plurality of
the subframes, wherein the request message uses one ov
move frame addresses of a subframe of the plurality of
subframes;

the second frame comprising the plurality of frame

addresses rvepeated from the first frame, the frame
addresses being divided among the plurality of sub-
frames, whervein the data uses one or more frame
addresses of a subframe of the plurality of subframes;
wherein the receiving step is performed, prior to the one or
morve frame addresses used by the request message being

repeated in the second frame.
13. The method of claim 14 wherein the acknowledgment is
in the middle of a third frame that is not part of the series of

frames.
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16. The method of claim 14, wherein the first and second

frames arve uplink frames.

17. The method of claim 16, wherein the is received in a

thivd frame that is a downlink frame.
18. The method of claim 17 wherein the first and second

frames arve transmitted by a mobile unit and the third frame is

received from a base station.

19. The method of claim 14, wherein the acknowledgement
indicates that one or morve frame addresses in an uplink
direction ave available.

20. A method for communication comprising:

receiving, in a downlink direction, a message in a first

downlink frame comprising a plurality of frame
addrvesses, the plurality of frame addresses being
divided into a first subframe and a second subframe the
first subframe including the message, the message iden-
tifving which uplink frame address ov addresses are free;
transmitting, in an uplink divection, a request message in a
first uplink frame comprising a plurality of frame
addresses, the plurality of frame addrvesses being
divided into a first subframe and a second subframe, the
second subframe including the veguest message, the
request message requesting one ov move of the identified
uplink frame address or addresses, the request message
occupying one or movre frame addresses of the second
subframe;
receiving, in the downlink divection, an allocation message
in a second downlink frame comprising a plurality of
frame addresses, the plurality of frame addresses being
divided into a first subframe and a second subframe, the
first subframe including the allocation message, the
allocation message allocating the rvequested uplink
frame address or addresses, the first subframe being
received prior to the recurrence of the one or movre frame
addresses occupied by the request message; and

transmitting, in the uplink dirvection, data in a second
uplink frame comprising a plurality of frame addresses,
the plurality of frame addrvesses being divided into a fivst
subframe and a second subframe, the second subframe
including the data within the allocated frame address or
addresses,

wherein the first and second downlink frames are next to

one another in a series of downlink frames and the first
and second uplink frames are next to one another in a
series of downlink frames.

21. The method of claim 20, wherein the message identify-
ing which uplink frame address or addresses ave free is a Yell
message.

22. The method of claim 20, wherein the request message is
a RACH message.

23. The method of claim 20, wherein the allocation mes-
sage is an access grant message.

24. The method of claim 20, wherein the allocated frame
address or addresses constitute a data channel.

25. A method for communication comprising:

transmitting, in an uplink divection, data in a first uplink

frame comprising a plurality of frame addvesses, the
plurality of frame addresses being divided into a first
subframe and a second subframe, the second subframe
including the data on an allocated channel, the allo-
cated channel occupying one or more frame addrvesses of
the second subframe;

receiving, in a downlink divection, a message in a downlink

frame comprising a plurality of frame addvesses, the
plurality of frame addresses being divided into a first
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subframe and a second subframe, the first subframe
including a message indicating that the data has not
been received, the first subframe being received prior to
the recurrence of the one or more frame addresses used
by the allocated channel; and d

including the data on an allocated channel, the allo-
cated channel occupying one or more frame addrvesses of
the second subframe;

receiving, in a downlink divection, a message in a downlink
frame comprising a plurality of frame addvesses, the
plurality of frame addresses being divided into a first
subframe and a second subframe, the first subframe

including a message acknowledging the data, the first

transmitting, in the uplink divection, data in a second
uplink frame comprising a plurality of frame addresses,

the plurality of frame addresses being divided into a first
subframe and a second subframe, the second subframe
including a repetition of the data on the allocated chan-
nel.

26. A method for communication comprising:

transmitting, in an uplink divection, data in a first uplink
frame comprising a plurality of frame addrvesses, the
plurality of frame addresses being divided into a first
subframe and a second subframe, the second subframe

10

15

subframe being veceived prior to the vecurrence of the
one or movre frame addresses used by the allocated chan-
nel: and

releasing the allocated channel for use in a second uplink

frame immediately following the first uplink frame, the
frame addresses of the allocated channel being avail-
able for use priov to their recurrence in the second
uplink frame.
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