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METHOD OF SCHEDULING GRANT
TRANSMISSION IN A WIRELESS
COMMUNICATION SYSTEM

FIELD OF THE INVENTION

[0001] This invention relates to telecommunications and,
more particularly, to wireless communications.

BACKGROUND OF THE INVENTION

[0002] Wireless communications systems employ a num-
ber of geographically distributed, cellular communication
sites or base stations. Each base station supports the trans-
mission and reception of communication signals to and from
stationary or fixed, wireless communication devices or units.
Each base station handles communications over a particular
region commonly referred to as a cell/sector. The overall
coverage area for a wireless communications system is
defined by the union of cells for the deployed base stations.
Here, the coverage areas for adjacent or nearby cell sites
may overlap one another to ensure, where possible, contigu-
ous communications coverage within the outer boundaries
of the system.

[0003] When active, a wireless unit receives signals from
at least one base station over a forward link or downlink and
transmits signals to at least one base station over a reverse
link or uplink. There are many different schemes for defining
links or channels for a cellular communication system,
including, for example, TDMA (time-division multiple
access), FDMA (frequency-division multiple access), and
CDMA (code-division multiple access) schemes. In CDMA
communications, different wireless channels are distin-
guished by different channelization codes or sequences that
are used to encode different information streams, which may
then be modulated at one or more different carrier frequen-
cies for simultaneous transmission. A receiver may recover
a particular stream from a received signal using the appro-
priate code or sequence to decode the received signal.

[0004] For voice applications, conventional cellular com-
munication systems employ dedicated links between a wire-
less unit and a base station. Voice communications are
delay-intolerant by nature. Consequently, wireless units in
wireless cellular communication systems transmit and
receive signals over one or more dedicated links. Here, each
active wireless unit generally requires the assignment of a
dedicated link on the downlink, as well as a dedicated link
on the uplink.

[0005] With the explosion of the Internet and the increas-
ing demand for data, resource management has become a
growing issue in cellular communication systems. Unlike
voice, however, data communications may be relatively
delay tolerant and potentially bursty in nature. Data com-
munications, as such, may not require dedicated links on the
downlink or the uplink, but rather enable one or more
channels to be shared by a number of wireless units. By this
arrangement, each of the wireless units on the uplink com-
petes for available resources. Resources to be managed in
the uplink include the received power at the base station, and
the interference created by each user to other users in the
same sector or cell, as well as in other sectors or cells, for
example. This is in contrast to the resources to be managed
on the downlink, including fixed transmit power budgets.
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[0006] While data communications may be relatively
delay tolerant and potentially bursty in nature, one problem
expected in the next generation wireless communication
systems is failed data block or data packet transmission.
More particularly, a base station, for example, may unsuc-
cessfully transmit one or more data packets from a number
of packets to an identified wireless unit. As a result of this
failure, the base station may use any number of retransmis-
sion techniques, such as hybrid automatic repeat request
(“HARQ”), for example, to deliver the data packet(s) not
satisfactorily received by the wireless unit.

[0007] HARQ allows for the combining of an original
transmission with the new transmission, rather than to
discard the original transmission. This may improve the
probability of correct decoding of the packet. The word
“hybrid” in HARQ indicates that Forward Error Correction
(“FEC”) techniques may be used in addition to ARQ tech-
niques. HARQ combining schemes imply that retransmis-
sions are combined with the original unsuccessful transmis-
sions. Accordingly, HARQ attempts ensure that
transmissions resulting in unsuccessful decoding, by them-
selves, may not be wasted.

[0008] Expanded efforts are underway for the evolution-
ary development of the 3rd Generation (3G) wireless com-
munication systems, such as the Universal Mobile Telecom-
munications System (“UMTS”) and CDMA2000 1x. These
and subsequent next generation wireless communication
systems are expected to provide high rate data services, such
as high-speed downlink packet access (“HSDPA”) specifi-
cation in UMTS and 1x EV-DV specification in CDMA
2000, for example, in support of Internet access and multi-
media communication. These approaches—e.g., HSDPA
and 1x EV-DV—have begun to address the challenges
supporting the separate and potentially conflicting needs of
voice and high-speed data simultaneously on the same
carrier, in a manner that may also be backwards compatible.

[0009] To meet the rapidly developing needs associated
with wireless applications such as wireless internet applica-
tions, for example, and to support HSDPA, these 3G systems
utilize performance enhancing technologies such as Fast
Scheduling, Adaptive Modulation and Coding (“AMC”) and
HARQ. Fast Scheduling is a channel quality sensitive sched-
uling technique to maximize sector throughput—e.g., a base
station assigns resources to one or more users at a given time
based on channel quality. AMC technologies enable a selec-
tion of a data rate and a transmission format—e.g., modu-
lation level and channel coding rate—that may “suit” the
scheduled user’s prevailing channel condition.

[0010] Delays and measurement errors may result in
degraded performance from AMC. In an exemplary sce-
nario, a block of bits or a packet may be sent using QPSK
modulation and a code rate of 0.5 and though received
erroneously. The packet may then be retransmitted with a
new appropriate choice of modulation in addition to at least
a few new “parity” bits from the original set of coded bits.
HARQ technologies may be used to provide some level of
robustness through fast retransmissions at the physical layer,
in an attempt to minimize degradation.

[0011] Further evolution of 3G standards may include
high-speed reverse link packet access, such as from wireless
unit to base station, for example. However, a time-multi-
plexed slot structure may be employed in certain systems
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supporting reverse link packet access. In these systems, a
scheduling grant channel may be difficult to realize, given
the time-multiplexed slot structure. Consequently, a need
exists for a method of carrying control information, such as
scheduling grants, for reverse link packet access transmis-
sion.

SUMMARY OF THE INVENTION

[0012] The present invention provides a method of trans-
mitting control information for the reverse link in a wireless
communication system. More particularly, the present
invention offers a method of transmitting control informa-
tion for reverse link packet access transmission. For the
purposes of the present invention, the control information
transmitted for the reverse link may include at least one
scheduling grant(s), and/or transmit power control (“TPC”)
information and/or user identification information (e.g., AT
ID) and/or rate indication information and/or HARQ control
information.

[0013] In one embodiment of the present invention, the
method comprises transmitting forward link data having at
least one time multiplexed scheduling grant. The one or
more time multiplexed scheduling grants comprises at least
one of user identification information, rate indication infor-
mation, transmit power control information and HARQ
information.

[0014] In another embodiment, the method comprises
receiving forward link data having at least one time multi-
plexed scheduling grant. The one or more time multiplexed
scheduling grant(s) comprises at least one of user identifi-
cation information, rate indication information, transmit
power control information and HARQ information.

[0015] In yet another embodiment, the method comprises
transmitting a packet in response to receiving at least one
scheduling grant. The one or more time multiplexed sched-
uling grant(s) comprises at least one of user identification
information, rate indication information, transmit power
control information and HARQ information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be better understood
from reading the following description of non-limiting
embodiments, with reference to the attached drawings,
wherein below:

[0017] FIG. 1 depicts an exemplary Forward Uplink
Scheduling Channel and R-SCH Frame Transmission Tim-
ing;

[0018] FIG. 2 depicts an exemplary CDMA2000 High
Rate Packet Data (“HRPD”) slot structure;

[0019] FIG. 3 depicts an exemplary table of Medium
Access Control (“MAC”) Channel Use versus MACIndex;

[0020]

[0021] FIG. 5 depicts an exemplary time multiplexing
scheme of TPC bits and a scheduling grant on the forward
link;

FIG. 4 depicts an exemplary forward link slot;

[0022] FIG. 6 depicts an exemplary table illustrating
common MACIndex format;
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[0023] FIG. 7 depicts an exemplary forward link slot
containing a scheduling grant;

[0024] FIG. 8 depicts yet another exemplary forward link
slot containing a scheduling grant;

[0025] FIG. 9 depicts still another exemplary forward link
slot containing a scheduling grant;

[0026] FIG. 10 depicts a flow chart illustrating the recep-
tion and processing of a scheduling grant; and

[0027] FIG. 11 depicts still yet another exemplary forward
link slot containing a scheduling grant; and

[0028] FIG. 12 depicts a block diagram of an exemplary
wireless communication system.

[0029] 1t should be emphasized that the drawings of the
instant application are not to scale but are merely schematic
representations, and thus are not intended to portray the
specific dimensions of the invention, which may be deter-
mined by skilled artisans through examination of the dis-
closure herein.

DETAILED DESCRIPTION

[0030] Referring to FIG. 12, a block diagram of an
exemplary wireless communication system 100 is shown.
System 100 may include one or more wireless units (e.g.,
fixed or mobile handsets) 105 in communication with a base
station 115. Wireless unit 105 may communication through
base station 115 to exchange packet data with the Internet
120 or some other packet data network 125, such as a closed
corporate network (e.g., intranet) for example. Examples of
packet data may include Internet Protocol (IP) datagrams
used for applications such as accessing web pages and
retrieving email. Such packet data applications may run on
wireless unit 105. Alternatively, these packet data applica-
tions may run on a separate computer device that uses
wireless unit 105 as a wireless modem. In an exemplary
embodiment, wireless unit 105 may communicate with
wireless network 115 over an air interface, which may be a
set of forward and reverse channels, for example. This may
be shown as forward link 107 and reverse link 110.

[0031] Base station 115 may consist of a single base
station and base station controller, or may include a plurality
of separately located wireless base stations (e.g., access
network and a base station controller connected together as
an aggregate base station 115. Each base station may have
a predetermined number of traffic channels to use for
exchanging data with wireless unit 105. When one of the
traffic channels is assigned to a wireless unit 105, that
wireless unit 105 may be referred to as an active wireless
unit 105. At least one traffic channel may then be assigned
to each active wireless unit 105. Base station 115 may be
connected with packet data network 120 using back-haul
facilities such as T1/E1, STM-x, etc, or any other appropri-
ate type of network connection, such as wireless or wire-line
T1 or T3, fiber optic connection, Ethernet, etc. Base station
115 may be connected to multiple packet data networks
having more than one type. For example, instead of an
intranet, another network 125 might be a public switched
telephone network (“PSTN”™) connected with base station
115 through a data services inter-working function (“IWF”).

[0032] 1t should be noted, for the purposes of the present
invention, a wireless unit may be characterized as a device
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providing voice and/or data connectivity to a user. A mobile
station may be connected to a computing device such as a
laptop, personal computer (“PC”), or it may be a self-
contained data device such as a personal digital assistant
(“PDA”) or cellular handset or phone. Accordingly, a wire-
less unit is equivalent to, and may be also be referred to as,
an access terminal, wireless mobile, mobile station, remote
station, user, user equipment (“UE”), subscriber or any other
remote user of wireless resources in a wireless communi-
cations network.

[0033] In the evolving wireless data systems, the sched-
uling function in the forward link (“FL”)—e.g., from the
base station to wireless unit—may be moved from base
station controller to base station in order to provide “fast”
scheduling based on channel quality feedback from the
users. Moreover, new technologies, such as adaptive modu-
lation and coding (“AMC”) and hybrid ARQ (“HARQ”)
may also be employed to improve the overall system capac-
ity. In general, a scheduler may select a user for transmission
at a given time and AMC allows for the selection of the
appropriate transport format (e.g., modulation and coding)
for the current channel conditions seen by the user. Due to
errors in channel quality estimates, high error rates may
result in the transmissions performed at a given rate (trans-
port format). HARQ may make use of fast retransmissions
and combining newly received copy of the transmission with
the previously received copy to recover from transmission
errors without any significant loss in throughout.

[0034] Further evolution of 3G standards includes high-
speed reverse link packet access from the wireless unit to
base station. Most of the techniques used on the FL. may also
be used on the reverse link to improve the data rates and the
system capacity. These techniques include fast scheduling,
AMC and HARQ, for example.

[0035] In order to support the packet scheduling on the
reverse link, a scheduling grant containing information
about wireless unit identity and other control information
needs to be sent on the FL. In the CDMA2000, a code-
multiplexed control channel called Forward-Uplink Sched-
uling Channel (F-USCH) may carry a scheduling grant on
the FL for the wireless unit(s) scheduled to transmit in the
R-SCH (Reverse Supplemental Channel) frame. The FL
scheduling grant channel is sent on a Walsh code that is
orthogonal to the code(s) used for FL data transmission.

[0036] Referring to FIG. 1, an example of Forward Uplink
Scheduling Channel and R-SCH Frame Transmission Tim-
ing is illustrated. Here, a wireless unit transmits a packet in
the R-SCH frame on the RL. The transmission of the packet
is performed in response to a scheduling grant message on
the FL.

[0037] In the CDMA2000 High Rate Packet Data
(“HRPD”), also known as 1xEV-DO, the FL may use a
time-multiplexed structure. For example, both the data and
the control information may use the same set of Walsh codes
but the transmission of data and the physical layer control
information may take place orthogonally in time. Referring
to FIG. 2, an exemplary structure for CDMA2000 HRPD is
illustrated. The HRPD Forward Channel, as shown, may
consist of the following time-multiplexed channels—the
Pilot Channel, the Forward Medium Access Control
(“MAC”) Channel, and the Forward Traffic Channel or the
Control Channel. The Traffic Channel carries user data
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packets. The Control Channel may carry control messages.
Moreover, the Traffic Channel may also carry user traffic.
Each channel may be further decomposed into code-divi-
sion-multiplexed quadrature Walsh channels.

[0038] As shown, the forward link may also consist of
slots of length 2048 chips (1.66. . . ms). Within each slot, the
Pilot, MAC, and Traffic or Control Channels are time-
division multiplexed. All time-division-multiplexed chan-
nels may be transmitted at the maximum power of the sector.
The Pilot Channel may consist of all—‘0’symbols transmit-
ted on the I channel with Walsh cover 0. Each slot may be
divided into two half slots, wherein each may contain a pilot
burst. Each pilot burst may have a duration of 96 chips and
may be centered at the midpoint of the half slot.

[0039] Moreover, the MAC Channel may consist of three
subchannels. Theses subchannels may include the Reverse
Power Control (“RPC”) Channel, the Reverse Activity
(“RA”) Channel and the DRCLock channel. The RA Chan-
nel transmits a reverse link activity bit (RAB) stream.

[0040] The Forward MAC Channel may be composed of
Walsh channels that are orthogonally covered and BPSK
modulated on a particular phase of the carrier (e.g., either
in-phase or quadrature phase). Each Walsh channel is iden-
tified by a MACIndex value that is between 0 and 63 and
may define a unique 64-ary Walsh cover and a unique
modulation phase. The Walsh functions assigned to the
MACIndex values may be as follows:

W™ for i=0, 2, . . . , 62
Wiiiyzes™ fori=1,3, ..., 63

[0041] where i is the MACIndex value. MAC Channels
with even-numbered MACIndex values may be assigned to
the in-phase (I) modulation phase, while those with odd-
numbered MACIndex values may be assigned to the quadra-
ture (Q) modulation phase. The MAC symbol Walsh covers
may be transmitted four times per slot in bursts of length 64
chips each. These bursts may be transmitted immediately
preceding and following the pilot bursts of each slot, as
shown in FIG. 2. The MAC Channel use versus MACIndex
may be realized as shown in the exemplary table in FIG. 3.

[0042] The RPC Channel for each access terminal with an
open connection is assigned to one of the available MAC
Channels. It may be used for the transmission of the RPC bit
stream destined to that access terminal. The RPC data rate
may be 600 bps. Each RPC symbol may be transmitted four
times per slot in two bursts of 64 chips each. The two bursts
may be transmitted immediately preceding and following
the pilot bursts in a slot. The RA Channel may transmit the
Reverse Activity Bit (RAB) stream over the MAC Channel
with MACIndex 4.

[0043] As noted hereinabove, a code-multiplexed sched-
uling grant channel, in some cases, may not be used in the
CDMAZ2000 HRPD. This may be attributed to the realization
that the FLL. may employ a time-multiplexed slot structure.
Consequently, a method for transmitting control informa-
tion, including include at least one scheduling grant(s),
and/or transmit power control (“TPC”) information, for
reverse link packet transmission is required. Such a method
for transmitting the control information for reverse link
packet transmission may incorporate various differing
schemes, detailed hereinbelow, including, for example, the
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use of a MAC field in the forward link slot to carry the
scheduling grants for RL packet transmission.

[0044] Forward Link Scheduling Grant Carried Using
MAC Indices

[0045] 1In one embodiment, each active mobile having an
open connection may be allocated a unique MACIndex that
is used as AT ID in order to indicate to a particular mobile
if it has been scheduled for RL packet transmission or not.
The AT ID may be carried in two 64 chips MAC bursts
immediately preceding the pilot burst. Rate Indication
(“RI”) and HARQ control information (e.g., 56 combina-
tions) may also be carried in two 64 chips MAC bursts
immediately following the pilot bursts, as shown in FIG. 4.

[0046] As the MACIndices may be transmitted in Walsh
code bursts of length 64 chips, a 6 bits (e.g., log,64) of
control information can be carried in a MAClIndex of length
64 chips. The existing MACIndices that are currently not in
use and also the MAXIndices that are currently used for TPC
bits can be employed to carry the scheduling grants to the
mobile station. In order to make the transmission of the
MACIndex more reliable transmission can be performed
over multiple slots. For example, four times per slot in bursts
of length 64 chips each.

[0047] In order to support both the TPC bits and the
scheduling grant dedicated MACIndex transmission simul-
taneously, orthogonal Walsh covers may be needed. How-
ever, it may also be possible to time-multiplex the TPC bits
and the scheduling grant MacIndex or MACIndex may, for
example, carry the TPC bit in some slots and the scheduling
grant in one or more of the remaining slots, as shown in FIG.
5. This may provide the benefit of supporting a larger
number of simultaneously active wireless units, though it is
conceivable that this may be achieved at the expense of
decreased power control frequency. An example of the rate
indication and the HARQ control information carried over
the FL is shown in the common MACIndex format table
depicting fields and bits of FIG. 6. The 6-bits of control
information may be sent using a Walsh code of length 64
chips.

[0048] A further embodiment of a slot containing the
scheduling grant is shown in FIG. 7. Here, the AT ID may
be transmitted in the 64 chips burst immediately preceding
and following the burst pilot in the first half slot. RI and
HARQ control may be transmitted in the 64 chips burst
immediately preceding and following the burst pilot in the
second half slot. This structure has the benefit that only the
scheduled AT may have to decode the second half slot
containing the RI and HARQ control information, poten-
tially saving battery life for the active terminals (e.g., ATs)
not scheduled (e.g., which may be known after decoding the
AT ID in the first half slot).

[0049] Scheduling Grant Transmission Using TDM Con-
trol Channel

[0050] A further embodiment of a scheduling grant trans-
mission technique using a TDM control channel is shown in
FIG. 8. Here, the control information such as AT ID, rate
indication and HARQ control may be first coded together
using a convolutional or block code. The coded information
may then be interleaved. Thereafter, the coded and inter-
leaved information may be subdivided into sub-blocks that
may be transmitted in the MAC fields of the forward link
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slot. All available Walsh codes or a subset of the Walsh
codes in the MAC field can be used for sub-block transmis-
sion. The control block transmission may also be performed
over multiple slots in order to improve the reliability of the
control information.

[0051] Scheduling Grant Information Punctured into the
Data Fields

[0052] A further embodiment of a scheduling grant infor-
mation technique punctured into the data fields is shown in
FIG. 9. Each user in the cell may be allocated a unique
Walsh code. The control information, such as AT ID, rate
indication and HARQ control may be first CRC protected,
coded and interleaved. The coded and interleaved informa-
tion may be then carried over the user specific Walsh code
in the data field of the forward link slot. As all the Walsh
codes may be already used for data transmission in the data
fields, the control information may then be punctured into
the data field.

[0053] Here, cach user may try to decode the control
information using its own Walsh code. This methodology is
depicted in the flow chart of FIG. 10. If the CRC checks
determines this to be OK, then the user may process and
transmit the packet on the reverse link using rate indication
and the HARQ control information in the control channel.
However, if the CRC check determines this not to be OK, the
control channel is decoded again.

[0054] Another embodiment of a scheduling grant infor-
mation technique is shown in FIG. 11. Here, the control
channel may be punctured. This puncturing step carries the
control channel into both the data fields and the MAC fields.

[0055] While the particular invention has been described
with reference to illustrative embodiments, this description
iS not meant to be construed in a limiting sense. It is
understood that although the present invention has been
described, various modifications of the illustrative embodi-
ments, as well as additional embodiments of the invention,
will be apparent to one of ordinary skill in the art upon
reference to this description without departing from the
spirit of the invention, as recited in the claims appended
hereto. Consequently, the method, system and portions
thereof and of the described method and system may be
implemented in different locations, such as the wireless unit,
the base station, a base station controller and/or mobile
switching center. Moreover, processing circuitry required to
implement and use the described system may be imple-
mented in application specific integrated circuits, software-
driven processing circuitry, firmware, programmable logic
devices, hardware, discrete components or arrangements of
the above components as would be understood by one of
ordinary skill in the art with the benefit of this disclosure.
Those skilled in the art will readily recognize that these and
various other modifications, arrangements and methods can
be made to the present invention without strictly following
the exemplary applications illustrated and described herein
and without departing from the spirit and scope of the
present invention It is therefore contemplated that the
appended claims will cover any such modifications or
embodiments as fall within the true scope of the invention.

1. A method of wireless communication comprising:

transmitting forward link data having at least one time
multiplexed scheduling grant, the at least one time
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multiplexed scheduling grant comprising at least one of
user identification information, rate indication informa-
tion, transmit power control information and HARQ
information.

2. The method of claim 1, wherein the scheduling grant is
transmitted in a MAC field of a forward link slot.

3. The method of claim 1, wherein the scheduling grant is
punctured into the forward link data.

4. The method of claim 1, wherein the scheduling grant is
coded and interleaved and transmitted in a forward link
MAC field.

5. The method of claim 4, wherein the scheduling grant is
coded using a block code.

6. The method of claim 4, wherein the scheduling grant is
coded using a convolutional code.

7. A method of wireless communication comprising:

receiving forward link data having at least one time
multiplexed scheduling grant, the at least one time
multiplexed scheduling grant comprising at least one of
user identification information, rate indication informa-
tion, transmit power control information and HARQ
information.

8. The method of claim 7, wherein the scheduling grant is
received in a MAC field of a forward link slot.

9. The method of claim 7, wherein the scheduling grant is
unpunctured from the forward link data.

10. The method of claim 7, wherein the scheduling grant
is decoded and deinterleaved and received in a forward link
MAC field.

11. The method of claim 10, wherein the scheduling grant
is decoded using a block code.

12. The method of claim 10, wherein the scheduling grant
is decoded using a convolutional code.

Sep. 30, 2004

13. A method of wireless communication system com-
prising:

transmitting a packet in response to receiving at least one

scheduling grant, the at least one scheduling grant
comprising at least one of user identification informa-
tion, rate indication information, transmit power con-
trol information and HARQ information.

14. The method of claim 13, wherein the step of trans-
mitting the packet comprises coding a data block in response
to the rate indication information.

15. The method of claim 13, wherein the step of trans-
mitting the packet comprises transmitting the packet in
response to the HARQ information.

16. The method of claim 13, wherein the step of receiving
a scheduling grant comprises:

detecting an energy on the Walsh codes; and

determining if control information is for the user based on
the detected energy.
17. The method of claim 13, wherein the step of receiving
a scheduling grant comprises block decoding the scheduling
grant.
18. The method of claim 17, further comprising:

determining if the scheduling grant is for a user in
response to a CRC check.
19. The method of claim 13, wherein the step of receiving
a scheduling grant comprises convolutional decoding the
scheduling grant.
20. The method of claim 19, further comprising:

determining if the scheduling grant is for a user in
response to a CRC check.

#* #* #* #* #*
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