(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2006202727 B2

(54)

(51)

(21)
(43)
(43)
(44)
(62)
(71)
(72)

(74)

(56)

Title
Physical channel configuration signaling procedures

International Patent Classification(s)
H04B 7/212 (2006.01) H04J 13/00 (2006.01)
H04B 7/26 (2006.01)

Application No: 2006202727 (22) Date of Filing:

Publication Date: 2006.07.13
Publication Journal Date: 2006.07.13
Accepted Journal Date: 2009.09.03

Divisional of:
2005204258

Applicant(s)
InterDigital Technology Corporation

Inventor(s)

2006.06.26

Zeira, Ariela;Dick, Stephen G_;Zeira, Eldad;Miller, James M.;Terry, Stephen E.

Agent / Attorney

Watermark Patent & Trademark Attorneys, 302 Burwood Road, Hawthorn, VIC, 3122

Related Art

US 5481 533
US 5 566 168
US 5319634
US 5 260 967




2006202727 26 Jun 2006

6}

ABSTRACT

A method for signalling code and time slot assignments to support a
communication of a user in a wireless hybris TDMA/CDMA communication
system supporting wireless RF communications, comprising: at the transmitter: 1)
selecting at least one time slot; 2) selecting at least one code, and if more than
one code is selected, selecting consecutive codes from the predetermined
sequence (54, 56); and 3) signalling an identifier of the at least one time slot and
a first and last code of the consecutive codes (58).




2006202727 26 Jun 2006

PHYSICAL CHANNEL CONFIGURATION
SIGNALING PROCEDURES

BACKGROUND

The invention is generally related to wireless hybrid time division multiple
access (TDMA)/code division multiple access (CDMA) communication systems. In
particular, the invention relates to configuring physical channels in such systems.

Wireless communication systems are evolving from carrying primarily voice
and paging information to carrying voice, paging and other data information, such as
wireless Internet data. The bandwidth required for all these types of information
varies greatly. Some of this data requires far more bandwidth than traditional voice
and paging information.

In CDMA communication systems, multiple communications are sent in a
shared spectrum. These communications are distinguished by their channelization
codes. To more efficiently use the shared spectrum, hybrid TDMA/CDMA
communication systems time divide the shared bandwidth into repeating frames
having a specified number of timeslots. A communication is sent in such a system
using one or multiple timeslots and one or multiple codes. One such system is the
universal mobile telecommunication systems (UMTS) time division duplex (TDD)
communication system using CDMA, which uses fifteen (15) timeslots. In TDD, a
particular cell's timeslot is used only for either uplink or downlink communications.

To deal with the variety of bandwidths required for various
communications, adaptive modulation and coding (AM&C) is used. In AM&C, the
modulation and coding scheme for transmitting data is varied to more efficiently use
the radio resources. To illustrate, the modulation used for data may be varied, such as
using binary phase shift keying (BPSK), quadrature phase shift keying (QPSK), or M-
ary quadrature amplitude modulation. Furthermore, the data may be assigned a single
code in a timeslot, multiple codes in a timeslot, a single code in multiple timeslots or

multiple codes in multiple timeslots.
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the AM&C controller, wherein an indication of first and last codes of a
predetermined sequence of codes in the code and timeslot assignment
information is interpreted by the AM&C controller as including the first and last
codes, and all of the codes therebetween.

In a further aspect the present invention provides a wireless hybrid time
division multiple access (TDMA)/code division multiple access (CDMA) user
equipment (UE) including:

an antenna for receiving signaled code and timeslot assignment
information;

a receiver for recovering the signaled information;

an adaptive modulation and coding (AM&C) controller for receiving the
recovered signaled information from the receiver; and

a data modulation and spreading device for modulating, spreading and
time multiplexing uplink data based on code and timeslot assignment information
provided by the AM&C controller, wherein an indication of first and last codes of a
predetermined sequence of codes in the code and timeslot assignment
information is interpreted by the AM&C controller as including the first and last
codes, and all of the codes therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified illustration of wireless physical channel configuration
signaling system for the downlink.

Fig. 2 is a simplified illustration of such a system for the uplink.

Fig. 3 is a flow diagram for signaling using consecutive codes.
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Since data transmitted to or from particular user equipment(UE) may be
sent with a variety of modulation, timeslot and coding schemes, this
modulation/timeslot/coding information must be conveyed to the UE. This type of
information is typically signaled or broadcast to a UE and is typically performed
using a low speed control channel. Signaling this information uses valuable
overhead and air resources. Since AM & C is typically not applied to control
channels, any information sent over a control channel uses much more air
resources than would be required if the information was sent over a channel to
which AM & C is applied. However, reducing signaling overhead is desirable
regardless of whether or not AM & C is used.

Accordingly, it is desirable to transmit as much of the
modulation/timeslot/coding information as possible over channels to which AM &
C is applied. Additionally, it is desirable to reduce timeslot and code assignment
signaling.

SUMMARY

A sequence of codes are provided for potential assignment to a user in a
wireless hybrid TDMA/CDMA communication system. At least one (1) timeslot is
selected to support the communication. For each selected timeslot, at least one
(1) code is selected. If more than one code is selected, the codes are selected
consecutively. For at least one (1) of the selected timeslots, an identifier of a first
and last code of the selected consecutive codes is signaled. The user receives
the signaled identifier and uses the selected consecutive codes, as identified, to
support the communication.

In one aspect the present invention provides a wireless hybrid time division
multiple access (TDMA)/code division multiple access (CDMA) user equipment
(UE) including:

an antenna for receiving downlink data and signaled code and timeslot
assignment information;

a receiver for recovering the signaled information;

an adaptive modulation and coding (AM&C) controller for receiving the
recovered signaled information from the receiver; and

a data detection device for receiving and recovering the downlink data

from the antenna based on code and timeslot assignment information provided by
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Fig. 4 is a table illustrating assigning using consecutive codes.

Fig. 5 is a flow diagram for signaling using common consecutive codes.

Fig. 6 is a table illustrating assigning using common consecutive codes.

Fig. 7 is a flow diagram for signaling using common consecutive codes in
consecutive timeslots.

Fig. 8 is a table illustrating assigning using common consecutive codes in
consecutive timeslots.

Fig. 9 is a flow diagram for signaling using entire timeslot assignments.

Fig. 10 is a table illustrating entire timeslot assignments.

Fig. 11 is a flow diagram for signaling using consecutive entire timeslots.

Fig. 12 is a table illustrating consecutive entire timeslot assignments.

Fig. 13 is a table summarizing the bits required to signal the code/timeslot
assignments for a sixteen code and twelve available timeslot system.

Fig. 14 is a flow diagram for the method of numbering all codes
consecutively in all timeslots.

Fig. 15 is a table illustrating consecutive code assignment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention will be described with reference to the drawing
figures wherein like numerals represent like elements throughout.

One method 53 for assigning codes to timeslots in accordance with the
present invention uses consecutive codes and will be described with reference to the
flow diagram of Fig. 3, and a simplified illustration of such code assignments forUE
A, UE B and UE C is shown in Fig. 4. In Fig. 4, twelve (12) potential timeslots and
sixteen (16) potential codes are shown, although the present invention is not limited to
a specific number of timeslots and/or codes. ‘

Each timeslot is potentially assigned a predetermined number of codes, such
as sixteen codes. The predetermined number of codes are assigned an order or

sequence, such as from 0 to 15, (step 54). For aparticular UE, only consecutive codes
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are assigned to that UE in a given timeslot, (step 56). To iuustrate, referring to Fig. 4
for UE A in timeslot 2, codes 4-8 are assigned. An assignment of codes 1, 3 and 4 to
UE A is not permitted, unless code 2 is also assigned to UE A. Likewise, UE A in
timeslot 6 has been assigned codes 6-9; UE B in timeslot 2 has been assigned codes 9-
12 and in timeslot 9 has been assigned codes 0-13; and UE C in timeslot 11 has been
assigned codes 1-5. '

Rgfern'ng back to Fig. 3, to signal this assignment scheme to a UE, for each
assigned timeslot, an indication of the first code and the last code of the consecutive
codes is required, (step 58). For a sixteen (16) potential code sequence, eight (8) bits
are required. Four (4) bits indicate the start code, (code 0 to 15), and four (4) bits
indicate the last code or the number of consecutive codes, (code 0 to 15) or the
number (1 to 16) of consecutive codes. For a twelve (12) timeslot system, 96 bits are
needed, (eight (8) bits per timeslot by twelve (12) timeslots).

One approach to reduce the number of bits signaled for downlink
transmissions in the control channels is to signal only a small portion of the
assignment information over a control channel, (hereinafter referred to as “prior
signaled information”), and signal the remaining portion of the assignment
information with the downlink data, (hereinafter referred to as “post signaled
information”). The post signaled information sent with the downlink data will
undergo the same AM&C processing as the data, thereby significantly reducing the
amount of air resources required to transmit the assignment information over the
control channel. '

In a typical system, it takes two (2) timeslots to recover the data, since the
control information must be received and then processed in order to be ready to
receive the actual data. The prior signaled information must therefore only relay the
assignment information for the first two (2) timeslots used to transmit downlink data
which comprises a four (4) bit indicator for the first used timeslot; a four (4) bit
indicator for the next timeslot; and indicators, (two (2) bits each), for the first and last

codes for each of the used timeslots. Accordingly, only a maximum of sixteen (16)

4-
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bits is signaled a prior signaled information. The remaining assignment information is
signaled as post signaled information with the downlink data. As a result, for a
sixteen (16) code and a twelve (12) timeslot system, only sixteen (16) bits are prior
signaled information, with the remaining post signaled information signaled with the
downlink data.

One advantage to this approach is that it allows the use of any number of
codes in any timeslot. However, this approach requires signaling for typically at least
two timeslot assignments, and possibly all timeslot assignments. Although this limits
the code choice to consecutive codes, with the use of code reassignment, this
restriction is not significant. If an optimal reassignment requires non-consecutive
codes, the timeslot UE code usage can be repacked to allow the assignment of only
consecutive codes to all UEs.

A second method 80 to assign codes and timeslots uses common
consecutive codes and is described with reference to the flow diagram of Fig. 5 and
the simplified illustration of such code assignments for UE A, UE B and UE C in Fig.
6. Each timeslot is potentially assigned a predetermined number of codes, such as
sixteen (16) codes. The predetermined number of codes are assigned an order or
sequence, such as from 0 to 15, (step 82). The same set of consecutive codes assigned
to one timeslot must be assigned to all timeslots used for a particular UE, (step 84).
To illustrate using Fig. 6, UE A is assigned timeslots 2, 3 and 11 and is assigned codes
2-4 in each timeslot. However, since UE A was assigned codes 2-4 in timeslot 2, it
could not be assigned only code 2 or codes 2-5 in another timeslot. Likewise, UEB is
assigned codes 0-13 in timeslots 8 and 9; and UE C is assigned code 11 in timeslots 11
and 12.

To signal this assignment scheme to a UE, an indication of the first and last
code of the consecutive set is required as well as an indicator of the used timeslots
(step 86). For the system of Fig. .6, eight (8) bits are required for the consecutive
codes, (four (4) bits for the first code and four (4) bits for the last code or number of
codes), and twelve (12) bits to identify the used timeslot(s). Each bit correspondsto a

-5-
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timeslot. In one (1) implementation, a one (1) bit value indicates that the timeslot is
used and a zero (0) bit value indicates that it is not used. Thus, a total of twenty (20)
bits are required.

The use of prior signaled information and post signaled information with
this method 80 reduces the number of prior signaled bits. The prior signaled
information must indicate the first used timeslot and the following timeslot, and the
first and last codes of the common sequence. For the system of Fig. 6, eight (8) bits
indicating the first two (2) timeslots of the twelve (12) timeslots, (four (4) bits to
indicate each timeslot) and eight (8) bits for the start and end codes or number of
codes. Thus, a total of sixteen (16) bits of prior signaled information is required.

To further reduce the bits of the prior signaled information, five (5) bits may
be used for the first two (2) timeslots. Four (4) bits indicates the first used timeslot
and the fifth bit represents whether the following timeslot is used. As a result, either
sixteen (16) or thirteen (13) bits are prior signaled information, with at most ten (10)
bits of post signaled information.

One advantage to the second method is that it reduces the amount of prior
signaled information. One drawback is that it reduces flexibility in code and timeslot
assignments, since each timeslot used by a particular UE must be assigned the same
codes.

A third method 90 for code and timeslot assignment uses common
consecutive codes in consecutive timeslots and is described with reference to the flow
diagram of Fig. 7 and the simplified illustration of such code assignments for UE A,
UE B and UE C in Fig. 8. Each timeslot is potentially assigned a predetermined
number of codes, such as sixteen (16) codes. The predetermined number of codes are
assigned an order or sequence, such as from 0 to 15, (step 92). In this approach, not
oniy are the same codes assigned for each used timeslot, but also only consecutive
timeslots may be assigned, (step 94). To illustrate using Fig. 8, UE A is assigned
codes 2-4 in timeslots 5-7. However, UE A could not be assigned codes 2-4 in
timeslots 5, 6 and 8, unless timeslot 7 was also assigned. Likewise, UE B is assigned

-6-
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codes 0-13 in timeslots 8 and 9. UE B could not be assigned a lesser or greater
number of codes in any other timeslots, nor could it be assigned codes 0-13 in timeslot
11 or 12, unless timeslot 10 was also assigned. UE C is assigned code 11 in timeslot
11.

To signal this assignment scheme to a UE, an indication of the first and last
(or number of) assigned codes in each assigned timeslot and an indication of the first
and last (or number of) assigned timeslots, (step 96). For the system of Fig. 8, eight
(8) bits are required for the code assignments and eight (8) Dbits for the timeslot
assignments, (four (4) for the first timeslot and four (4) for the last, or number of,
timeslots), totaling sixteen (16) bits.

The use of prior signaled information and post signaled information with
this method 90 reduces the number of prior signaled bits. In this method 90, thirteen
(13) bits must to be signaled prior to the data, (eight (8) for the codes used in the
timeslots, four (4) for the first used timeslot and one (1) bit to indicate whether another
timeslot is used). If another timeslot is used, four (4) bits indicating the last, or
number of, timeslots are signaled as post signaled informétion with the data.

This third method limits the amount of signaling, but at the expense of
code/timeslot assignment flexibility.

A fourth method 100 to assign codes and timeslots assigns UEs all the codes
in a timeslot and is described with reference to the flow diagram of Fig. 9 and the
simplified illustration of such code assignments for UE A, UE B and UE C in Fig. 10.

In this approach, the UEs are assigned all of the codes in a timeslot (step 102). To
illustrate using Fig. 10, UE A is assigned all the codes of timeslots 2 and 5, UE B is
assigned all of the codes of slots 8 and 9, and UE C is assigned all of the codes of
timeslot 11.

To signal this assignment scheme to a UE, an indicator of the assigned
timeslots is needed, (step 104). For the system of Fig. 10, the indicator is a twelve
(12) bit field, with each bit representing whether a particular timeslot is used.

Typically, the maximum number of codes in a timeslot is known by the UE. However,

7.
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if the maximum number of codes is not known, an indicator of the number of codes is
sent, (also a part of step 104), such as four (4) bits indicating a maximum number of
codes ranging from O to 16.

The use of prior signaled information and post éignaled information with
this method 100 reduces the number of prior signaled bits. In this method 100, an
indicator of the first two used timeslots is signaled. For the system of Fig. 10, this two
timeslot indicator is eight (8) bits. The indicator of the remaining assigned timeslots is
signaled as post signaled information with the data in the first timeslot. Alternately, to
further reduce the number of signaled bits, five (5) bits of prior signaled information
may be used. Four (4) bits indicate the first timeslot and the fifth bit indicates whether
the following timeslot is used.

A fifth method 110 for code and timeslot assignment uses entire consecutive
timeslots and is described with reference to the flow chart of Fig. 11 and the simplified
illustration of such assignments for UE A, UE B and UE C in Fig. 12. In this
approach, a UE is assigned all of the codes in consecutive timeslots (step 112). To
illustrate using Fig. 12, UE A is assigned all the codes of timeslots 2-4. UE A could
not be assigned all the codes of timeslots 2, 3 and 5 without also assigning UE A
timeslot 4. Likewise, UE B is assigned all of the codes of timeslots 8 and 9; andUEC
all of the codes of timeslot 11.

To signal this assignment scheme to a UE, an indicator of the first and last
timeslots (or number of) used timeslots is signaled, (step 114). For the system of Fig.
11, eight (8) bits are required, (four (4) for the first used timeslot and four (4) for the
last or number of timeslots).

 The use of prior signaled information and post signaled information with
this method 110 reduces the number of prior signaled bits. In this method 61, only
five (5) bits are sent as prior signaled information. Four (4) bits indicate the first used
code and the fifth bit indicates whether the following timeslot is used, (step 74). Ifthe
following timeslot is used, four (4) bits are signaled as post signaled information with
the transmitted downlink data to indicate the last timeslot or number of timeslots.

-8-
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A sixth method 120 numbers all codes consecutively in all timeslots and is
described with reference to the flow diagram of Fig. 14 in the simplified illustration of
such codes assignments for UEA, UEB and UEC in Fig. 15. In this method 120, all of
the codes are numbered consecutively in all timeslots (step 122). The UE is then
assigned a desired number of codes (step 124). To illustrate using Fig. 13, UEA is
assigned codes 69-99, UEB is assigned codes 129-142 and UEC is assigned codes
162-181.

To signal this assignment scheme to a UE, an indicator of the first and last
code is needed (step 126). For the system of Fig. 15, the indicator is sixteen (16) bits,
(eight (8) bits for the first codes and eight (8) bits for the last code). Alternatively, the
indicator of the first code may be signaled along with the number of codes;
particularly when the number of codes is small.

The use of prior signaled information and post signaled information with
this method 120 reduces the number of prior signaled bits. In this method 120,
thirteen (13) bits must be signaled as prior signaled information, (eight (8) for the first
code and five (5) bits for the number of codes in the first two (2) timeslots). If more
codes are used, the code count can be superceded in the pbst signaled information.

The table of Fig. 13 summarizes the bits required to signal the code/timeslot
assignment for the six (6) schemes for a sixteen (16) code and twelve (12) available
timeslot system.

Although the present invention may be implemented by many physical
systems, one such system for implementing the invention will be described with
reference to Fig. 1. Fig. 1 illustrates a simplified wireless hybrid TDMA/CDMA
communication system for use in physical channel configuration signaling. A
preferred implementation is for downlink transmitted data, such as for a high speed
downlink channel, although physical channel configuration signaling may also be used
in other implementations, such as the uplink.

Downlink data to be communicated to a particular UE 24 is assigned at least

one code and at least one timeslot by a resource management device 28. The resource

9.
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management device 28 may be in a radio network controller (RNC) or Node-B 20.
The resource management device 28 assigns codes and timeslots as will be described
in detail hereinafter. The assigned code and timeslot are sent to a signaling transmitter
30 and an AM&C controller 32 in the base station 22. The signaling transmitter 30
formats for transmission the code and timeslot information as will also be described in
detail hereinafter.

A data modulation and spreading device 34 modulates, spreads and time
multiplexes the downlink data in the timeslots and with the codes assigned by the
resource management device 28. The modulated data and signaled information is
radiated by an antenna 36 or antenna array through a wireless radio chanuel 26.

At the particular UE 24, the transmitted downlink data and signaled
information is received by an antenna 38. A signaling receiver 40 recovers the
signaled information and relays it to an AM&C controller 42. The AM&C controller
42 determines the modulation to be used and indicates the code and timeslot used for
the downlink data to the data detection device 44. One potential data detection device
44 is a joint detection device using a channel estimation device, although other data
detection devices may be used. The data detection device 44 recovers the downlink
data using the timeslot and code information from the AM&C controller 42.

Fig. 2 illustrates a simplified system for use in uplink physical channel
configuration signaling. The resource management device 28 assigns the
code/timeslot to be used for the particular UE's uplink data. The assigned
code/timeslot are sent to a signaling transmitter 30 in the base station 22. The
signaling transmitter 30 formats for transmission the code and timeslot information as
will be described in detail hereinafter. The signaled information is passed through a
switch 48 or isolator and radiated by an antenna 36 or antenna array through a wireless
radio channel 26.

The particular UE 24 receives the signaled information. The received
information is passed thorough a switch 50 or isolator to a signaling receiver 40. The

signaled information is recovered by the signaling receiver 40 and relayed to an

-10-
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AM&C controller 42. The AM&C controller 42 relays the uplink code and timeslot
assignment to the data modulation and spreading device 52. The data modulation and
spreading device 52 modulates, spreads and time multiplexes the uplink data as
directed by the AM&C controller 42 in the timeslots and with codes signaled by the
base station 22. The modulated data is passed through a switch 50 or isolator and
radiated by the UE antenna 38 through the wireless radio channel 26.

The transmitted data is received by the base station antenna 36 or antenna
array. The received data is passed through a switch 48 or isolator to a data detection
device 46. One possible data detection device 34 is a joint detection device using a
channel estimation device, although other data detection devices may be used. A base
station AM&C controller 32 receives the code and timeslot assignment from the
resource management device 28. The data detection device 46 recovers the uplink
data from the received uplink signal using the assigned code and timeslot as directed
by the AM&C controller 32.

While the present invention has been described in terms of the preferred
embodiment, other variations which are within the scope of the invention as outlined

in the claims below will be apparent to those skilled in the art.

-11-
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A wireless hybrid time division multiple access (TDMA)/code division
multiple access (CDMA) user equipment (UE) including:

an antenna for receiving downlink data and signaled code and timeslot
assignment information;

a receiver for recovering the signaled information;

an adaptive modulation and coding (AM&C) controller for receiving the
recovered signaled information from the receiver; and

a data detection device for receiving and recovering the downlink data
from the antenna based on code and timeslot assignment information provided by
the AM&C controller, wherein an indication of first and last codes of a
predetermined sequence of codes in the code and timeslot assignment
information is interpreted by the AM&C controller as including the first and last

codes, and all of the codes therebetween.

2. The UE of claim 1 wherein the signaling information includes a timeslot

identifier for each timeslot indicated by the assignment information.

3. The UE of claim 2 wherein the timeslot identifier is a set of bits, each bit

associated with one timeslot.

4. A wireless hybrid time division multiple access (TDMA)/code division
multiple access (CDMA) user equipment (UE) including:

an antenna for receiving signaled code and timeslot assignment
information;

a receiver for recovering the signaled information;

an adaptive modulation and coding (AM&C) controller for receiving the
recovered signaled information from the receiver; and

a data modulation and spreading device for modulating, spreading and
time multiplexing uplink data based on code and timeslot assignment information
provided by the AM&C controller, wherein an indication of first and last codes of a
predetermined sequence of codes in the code and timeslot assignment
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information is interpreted by the AM&C controller as including the first and last
codes, and all of the codes therebetween.

5. The UE of claim 4 wherein the signaling information includes a timeslot

identifier for each timeslot indicated by the assignment information.

6. The UE of claim 5 wherein said timeslot identifier is a set of bits, each bit

associated with one timeslot.

DATED this 26th day of June 2006
INTERDIGITAL COMMUNICATIONS CORPORATION

WATERMARK PATENT & TRADEMARK ATTORNEYS
GPO BOX 2512

PERTH WA 6001

AUSTRALIA

P23442AU02
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