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METHOD AND APPARATUS FOR TRANSMITTING AND RECEIVING
DOWNLINK CONTROL INFORMATION IN A MOBILE
COMMUNICATION SYSTEM SUPPORTING UPLINK PACKET DATA
SERVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a cellular Code Division
Multiple Access (CDMA) communication system. More particularly, the present
invention relates to a method and apparatus for transmitting and receiving
downlink control information in the case where an Enhanced Uplink Dedicated

transport CHannel (E-DCH) 1s used.

2. Description of the Related Art

A 3" generation mobile communication system using WCDMA based on
the European Global System for Mobile communications (GSM) system and
General Packet Radio Services (GPRS), Universal Mobile Telecommunication
Service (UMTS) provides mobile subscribers or computer users with a uniform
service of transmitting packet-based text, digitized voice, and video and
multimedia data at or above 2Mbps irrespective of their locations around the
world.

In particular, the UMTS system uses a transport channel called the E-
DCH in order to further improve the packet transmission performance of uplink
communications from a User Equipment (UE) to a Node B (interchangeable with
a base station). For more stable high-speed data transmission, Adaptive
Modulation and Coding (AMC), Hybrid Automatic Repeat reQuest (HARQ),
Node B-controlled scheduling, and shorter Transmission Time Interval (TTI)
were introduced for the E-DCH transmission.

AMC i1s a technique of determining a Modulation and Coding Scheme
(MCS) adaptively according to the channel status between the Node B and the UE.
Many MCS levels can be defined according to available modulation schemes and
coding schemes. The adaptive selection of an MCS level according to the channel
status increases resource use efficiency.

HARQ is a packet retransmission scheme for retransmitting a packet to
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correct errors in an initially transmitted packet. HARQ is branched into Chase
Combining (CC) and Incremental Redundancy (IR). The HARQ scheme adopts
N-channel Stop and Wait (SAW) to increase data rate. In the N-channel SAW
HARQ, a transmitter transmits different data in first to N™ Transmission Time
Intervals (TTIs), and determines whether to retransmit the data or transmit new
data in N+ to 2N TTIs according to Acknowledgement/Non-
Acknowledgement (ACK/NACK) received for the transmitted data. N TTIs are
processed by separate HARQ processes and each of HARQ processes for the

(N+1)™ to 2N™ TTIs is called an i HARQ process. N is an integer greater than O
and the HARQ process number i is an integer number ranging from 1 to N.

Node B-controlled scheduling is a scheme in which the Node B
determines whether to permit E-DCH transmission for the UE and if it does, an
allowed maximum data rate and transmits the determined data rate information as
a scheduling grant to the UE, and the UE determines an available E-DCH data
rate based on the scheduling grant.

Shorter TTI is a technique for reducing retransmission time delay and
thus increasing system throughput by allowing the use of a shorter TTI than the

shortest TTI of 10ms provided by 3GPP Rel5.

FIG. 1 1llustrates uplink packet transmission on the E-DCH in a typical
wireless communication system.

Reterring to FIG. 1, reference numeral 100 denotes a Node B supporting
the E-DCH and reference numerals 101 to 104 denote UEs using the E-DCH. As
1llustrated, the UEs 101 to 104 transmit data to the Node B 100 on E-DCHs 111 to
114.

The Node B 100 notifies the individual UEs 101 to 104 whether they are
permitted for E-DCH transmission or transmits to the UEs scheduling grants
indicating E-DCH data rates for them, based on information about buffer
occupancy and requested data rates or channel status information received from
the UEs. This operation is called scheduling of uplink data transmission. The
scheduling 1s performed such that the noise rise or Rise over Thermal (ROT)
measurement of the Node B does not exceed a target ROT to increase total system

performance by, for example, allocating low data rates to remote UEs (such as the
UEs 103 and 104) and high data rates to nearby UEs (such as the UEs 101 and
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102). The UEs 101 to 104 determine their allowed maximum data rates for E-
DCH data based on the scheduling grants and transmit the E-DCH data at the
determined data rates.

Due to asynchronization between uplink signals from different UEs, the
uplink signals interfere with one another. As the Node B receives more uplink
signals, an uplink signal from a particular UE suffers from increased interference,
thereby decreasing reception performance in the Node B. This problem can be
overcome by increasing the uplink transmit power of the UE, but the increased
transmit power in turn serves as interference to other uplink signals. Thus, the
reception performance is still decreased in the Node B. The total power of uplink
signals that the Node B can receive with reception performance at or above an

acceptable level i1s limited. ROT represents uplink radio resources used by the
Node B, defined as

ROT =1, /N,
..... (1)

where I, denotes power spectral density over a total reception band, that is, the
total amount of uplink signals received in the Node B, and N, denotes the thermal
noise power spectral density of the Node B. Therefore, an allowed maximum
ROT 1s total uplink radio resources available to the Node B.

The total ROT is expressed as the sum of inter-cell interference, voice
tratfic and E-DCH traffic. With Node B-controlled scheduling, simultaneous
transmission of packets from a plurality of UEs at high data rates is prevented,
maintaining the total ROT at or below a target ROT and thus ensuring reception
performance all the time. When high data rates are allowed for particular UEs,
they are not allowed for other UEs in the Node B-controlled scheduling.
Consequently, the total ROT does not exceed the target ROT.

FIG. 2 i1s a diagram illustrating a typical signal flow for message
transmission and reception on the E-DCH.

Reterring to FIG. 2, a Node B and a UE establish an E-DCH in step 202.
Step 202 mvolves message transmission on dedicated transport channels. The UE
transmits scheduling information to the Node B in step 204. The scheduling
information may contain uplink channel status information including the transmit
power and power margin of the UE, and the amount of buffered data to be
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transmitted to the Node B.

In step 206, the Node B monitors scheduling information from a plurality
of UEs to schedule uplink data transmissions for the individual UEs. The Node B
decides to approve an uplink packet transmission from the UE and transmits a
scheduling grant to the UE in step 208. The scheduling grant indicates
up/hold/down in an allowed maximum data rate, or an allowed maximum data
rate and an allowed transmission timing.

In step 210, the UE determines the TF of the E-DCH based on the
scheduling grant. The UE then transmits TF information to the Node B, and
uplink packet data on the E-DCH at the same time in steps 212 and 214. The TF
mformation includes a Transport Format Resource Indicator (TFRI) indicating
resources required for E-DCH demodulation. The UE selects an MCS level
according to an allowed maximum data rate set by the Node B and its channel
status, and transmits the E-DCH data in step 214.

The Node B determines whether the TF information and the uplink
packet data have errors in step 216. In the presence of errors in either of the TF
mformation and the uplink packet data, the Node B transmits a NACK signal to
the UE on an ACK/NACK channel, whereas in the absence of errors in both, the
Node B transmits an ACK signal to the UE on the ACK/NACK channel in step
218. In the latter case, the packet data transmission is completed and the UE
transmits new packet data to the Node B on the E-DCH. On the other hand, in the
former case, the UE retransmits the same packet data to the Node B on the E-
DCH.

Under the above-described environment, if the Node B can receive from
the UE scheduling information including, for example, information about the
buffer occupancy and power status of the UE, it allocates a low data rate to the
UE 1f 1t 1s far from the Node B, is in a bad channel status, or has data of a lower
service class. If the UE is near to the Node B, is in a good channel status, or has
data of a higher service class, the Node B allocates a high data rate to the UE.
Theretore, the total system performance is increased.

In the case where the Node B transmits a Relative Grant (RG) indicating
up/hold/down in the allowed maximum data rate of the UE as a scheduling grant
for the E-DCH, the signaling overhead of the RG reduces downlink capacity.
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Accordingly, a need exists for a method of reducing downlink signaling overhead
arising from transmitting a scheduling grant in Node B-controlled scheduling.

SUMMARY OF THE INVENTION

An object of embodiments of the present invention is to substantially
solve at least the above described problems and/or disadvantages and to provide
at least the advantages described below. Accordingly, embodiments of the present
mvention provide a method and apparatus for reducing downlink signaling
overhead arising from transmitting a scheduling grant by which a Node B
controls the uplink data rate of a UE in a situation where Node B-controlled
scheduling and HARQ are used in an E-DCH-supporting mobile communication
system.

Embodiments of the present invention also provide a method and
apparatus for etfectively interpreting a scheduling grant that a Node B transmits
to control the uplink data rate of a UE in a situation where Node B-controlled
scheduling and HARQ are used in an E-DCH-supporting mobile communication
system.

The above objects are substantially achieved by providing a method and
apparatus for transmitting and receiving downlink control information in a mobile
communication system supporting an uplink packet data service.

According to one aspect of the present invention, in a method of
transmitting packet data in an HARQ mobile communication system, a second
transceiver receives an RG as rate control information from a first transceiver.
The second transceiver sets the allowed maximum data rate of an HARQ process
to which the RG 1s applied to the allowed maximum data rate of an HARQ
process previous to the HARQ process, if the RG indicates hold. The second
transceiver transmits packet data within the set allowed maximum data rate to the
first transceiver.

According to another aspect of the present invention, in a method of
transmitting control information for packet data reception in an HARQ mobile
communication system, a first transceiver determines an allowed maximum data
rate for a predetermined HARQ process for a second transceiver, and sets an RG
as rate control information to hold if the determined allowed maximum data rate
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1s equal to an allowed maximum data rate of an HARQ process previous to the
predetermined HARQ process. The first transceiver then transmits the RG to the second

transcelver.

According to a further aspect of the present invention, in an apparatus for
transmitting packet data in an HARQ mobile communication system, a radio signal
receiver despreads a signal received from a first transceiver with an allocated common
channelization code. An RG signalling interpreter detects an RG as rate control
information from the despread signal, and sets the allowed maximum data rate of an
HARQ process to which the RG 1s applied to the allowed maximum data rate of an
HARQ process previous to the HARQ process, 1t the RG 1ndicates hold.

According to still another aspect of the present invention, in an apparatus for
transmitting control information for packet data reception in an HARQ mobile
communication system, a Node B scheduler determines an allowed maximum data rate
for a predetermined HARQ process for a second transceiver. An RG signaling generator
sets an RG as rate control information to hold 1f the determined allowed maximum data
rate 1S equal to an allowed maximum data rate of an HARQ process previous to the

predetermined HARQ process. A radio signal transmitter transmits the RG to the second

transcelver.

According to an aspect of the present invention, there i1s provided a method of
transmitting uphink packet data by a User Equipment (UE) including a plurality of hybrid
automatic repeat request (HARQ) processes in a mobile communication system,
comprising the steps of:

detecting a relative grant (RG) associated with a HARQ process from a Node B
by the UE;

setting an allowed maximum power ratio of the HARQ process to the allowed
maximum power ratio in an immediately previous transmission time interval (TTT) of the
HARQ process by the UE, 1f the RG indicates hold; and

transmitting packet data within the set allowed maximum power ratio of the

HARQ process to the Node B by the UE,
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wherein if the RG indicates hold, the detecting step comprises the step of

detecting the RG from the Node B in a discontinuous transmission (DTX) mode by the
UE.

According to another aspect of the present invention, there is provided a method
of transmitting control information for uplink packet data reception for a User Equipment
(UE) including a plurality of hybrid automatic repeat request (HARQ) processes, in a
Node B of a mobile communication system, comprising the steps of:

determining an allowed maximum power ratio of a HARQ process of the UL

setting a relative grant (RG) associated with the HARQ process to hold so that the
UE sets the allowed maximum power ratio of the HARQ process to an allowed maximum
power ratio of an immediately previous transmission time interval (1'T1) ot the HARQ
process; and

instructing the RG associated with the HARQ process to the UE by the Node B,
wherein if the RG is set to hold, the instructing step comprises the step of instructing the

RG to the UE 1n a discontinuous transmission (DTX) mode.

According to a further aspect of the present invention, there 1s provided an
apparatus for transmitting uplink packet data in a User Equipment (UE) ot a mobile
communication system, the UE including a plurality of hybrid automatic repeat request

(HARQ) processes, the apparatus comprising:

a receiver for detecting a relative grant (RG) associated with a HARQ process

from a Node B;
a controller for setting an allowed maximum power ratio of the HARQ process to

an allowed maximum power ratio in an immediately previous transmission time interval

(TTI) of the HARQ process, if the RG indicates hold; and

a transmitter for transmitting packet data within the set allowed maximum power

ratio of the HARQ process,
wherein if the RG i1s set to hold, the RG 1s received from the Node B 1n a

discontinuous transmission (DTX) mode.

According to a further aspect of the present invention, there is provided an

apparatus for transmitting control information for uplink packet data reception for a User
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Equipment (UE) including a plurality of hybrid automatic repeat request (HARQ)
processes, in a Node B of a mobile communication system, the apparatus comprising:

a controller for determining an allowed maximum power ratio of a HARQ process
of the UE, and setting an RG associated with the HARQ process to hold so that the UE
sets the allowed maximum power ratio of the HARQ process to an allowed maximum
power ratio of an immediately previous transmission time interval (TTI) of the HARQ
process; and

a transmitter for instructing the RG to the UE,

wherein if the RG is set to hold, the transmitter instructs the RG to the UE in a

discontinuous transmission (DTX) mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of embodiments of the
present invention will become more apparent from the following detailed description
when taken in conjunction with the accompanying drawings in which:

FIG. 1 illustrates uplink packet transmission on the E-DCH in a conventional
wireless communication system;

FIG. 2 1s a diagram illustrating a conventional signal flow for message
transmission and reception on the E-DCH;

FIG. 3 i1s a flowchart illustrating an operation for generating and interpreting a
scheduling grant according to an exemplary embodiment of the present invention;

FIG. 4 is a block diagram of a Node B transmitter according to an exemplary
embodiment of the present invention;

FIG. 5 is a block diagram of a UE receiver according to an exemplary

embodiment of the present invention.



10

15

20

235

30

CA 02582442 2010-07-21

-7 -

FIG. 6 is a flowchart illustrating an operation for generating and interpreting a
scheduling grant according to an exemplary embodiment of the present invention;

FIG. 7 is a flowchart illustrating an operation for generating and interpreting a
scheduling grant according to an exemplary embodiment of the present invention; and

FIG. 8 is a flowchart illustrating an operation for generating and interpreting a
scheduling grant according to an exemplary embodiment of the present invention.

Throughout the drawings, like reference numbers should be understood to refer to
like elements, features and structures.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Exemplary embodiments of the present invention will be described herein below with
reference to the accompanying drawings. In the following description, detailed descriptions

of well-known functions or constructions are omitted for clarity and conciseness.

The following description of exemplary embodiments of the present invention is
made in the context of the E-DCH in a UMTS system.

Node B-controlled scheduling is a technique of improving system throughput and
coverage by efficient control of uplink ROT in a Node B. For this purpose, the Node B
controls the E-DCH data rate of each UE. An E-DCH data rate refers to the power ratio of a
physical channel to which the E-DCH is mapped to a reference physical channel whose
power is controlled. The E-DCH data rate is equivalent to an E-DCH TF or E-DCH transmit
power. That 1s, for a high E-DCH data rate, more power is allocated to the E-DCH.

The Node B-controlled scheduling can be considered in three ways. One way is to
increase or decrease the allowed maximum data rate of a UE by a predetermined increment
or decrement, or hold the allowed maximum data rate. The UE is able to transmit data in
each TTI and the Node B signals to the UE an RG indicating up/hold/down in the allowed
maximum data rate instead of an Absolute Grant (AG) indicating the absolute value of a
spectfic allowed maximum data rate. Typically, the RG is a 1-bit information that can be set
to +1/0/-1 indicating up/hold/down. Ifthe RG is 0, no signal is transmitted, that is, it
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indicates a Discontinuous Transmission (DTX). The increment or decrement 1is
predetermined and thus the change of a data rate that the Node B can control for
the UE at one time instant 1s limited to the increment or decrement.

A second way is to signal an AG directly indicating the absolute value of
an allowed maximum data rate and a transmission timing for the UE.

A third way 1s to signal an RG and an AG 1n combination.

Considering that HARQ 1s applied to the E-DCH, the relationship
between the HARQ and the Node B-controlled scheduling will be described bow.
In an exemplary embodiment of the present invention, an N-channel SAW HARQ
scheme is taken. According to the N-channel SAW HARQ), a transmitter transmits
different data in first through N™ TTIs and determines whether to transmit new
data or retransmit the transmitted data in (N+1)™ to 2N"™ TTIs depending on
ACK/NACK signals received for the transmitted data. The exemplary
embodiment of the present invention is based on the assumption that the Node B
signals an RG in the Node B-controlled scheduling, the UE uses a 2ms E-DCH
TTI, and five HARQ processes are defined. Thus, HARQ process numbers are
repeated every five 2ms TTIs in the orderof 1, 2,3,4,5,1,2,3,4,5,....and so
on. The value of an RG applies to the same process number. For instance, if the
RG 1indicates “up” for HARQ process #2, the UE 1s supposed to increase an
allowed maximum data rate applied to the latest HARQ process #2 by a

predetermined level.

From the perspective of downlink signaling overhead, 1t may occur that a
Node B scheduler transmits to a UE the same RG, for example, of +1 (up)
successively for HARQ process #1 to HARQ process #5 according to the ROT of
the cell and the channel status of the UE in an E-DCH system where five HARQ
processes are defined for 2ms TTIs. If the UE can find out the RGs for HARQ
processes #2 through #5 from the RG for HARQ process #1, the downlink
signaling overhead of transmitting the RGs is reduced by a factor of five (one RG
rather than five). In this context, exemplary embodiments of the present invention
provide operations of the Node B and the UE to reduce signaling overhead for the
case where the same scheduling grant is repeated for a plurality of HARQ
Processes.

In accordance with an exemplary embodiment of the present invention, a
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reference RG for a reference HARQ process (RG_reference) and a non-reference
RF for a non-reference HARQ process (RG non reference) are generated
separately to reduce downlink signaling overhead. The reference HARQ process

1s notified by upper layer signaling or is fixed.

Given five HARQ processes, #1 through #5, HARQ process #1 1s set as a
reference HARQ process and the other HARQ processes are set to non-reference
HARQ processes, for example. If the RG non reference is identical to the
RG reference, the RG non_reference is not signaled, thereby reducing the
signaling overhead. For this purpose, the Node B and the UE make a distinction
between the RG reference and the RG non reference in generation and
interpretation. To increase the reliability of transmission of the RG reference, the
RG reference is sent with higher power than the RG_non_reterence.

Embodiment 1

FIG. 3 is a flowchart illustrating an operation for generating and
interpreting a scheduling grant according to an exemplary embodiment of the
present mvention.

Referring to FIG. 3, the Node B determines whether an HARQ process
for which to allocate a data rate is a reference HARQ process in step 300. The
HARQ process for which to allocate a data rate is an HARQ process to be
allocated to a current TTI and it is referred to as “a current HARQ process”™. If the
current HARQ process is a reference HARQ process, the Node B sets an RG to
+1 for a rate increase, 0 (that is, DTX) for no rate change, or -1 for a rate decrease
for the reference HARQ process according to scheduling in the Node B scheduler
in step 302. Since the RG received from the Node B 1s intended for the reterence
HARQ process, the UE interprets an RG of +1 as a rate increase, an RG ot 0 as
no rate change, and an RG of -1 as a rate decrease.

On the other hand, if the current HARQ process is a non-reference
HARQ process in step 300, the Node B determines whether an RG_reference
indicates up, hold or down in step 304. If the RG reference indicates up, the
Node B sets an RG_non_reference for the current HARQ process to O (that 1s,
DTX) for a rate increase, -1 for no rate change, or +1 for a rate decrease
according to scheduling in the Node B scheduler 1n step 300.

Since the RG received from the Node B is intended for the non-reference
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HARQ process and the previously received RG reference indicates up, the UE
interprets an RG of +1 as a rate decrease, an RG of 0 as a rate increase, and an
RG of -1 as no rate change.

It the RG reference indicates hold in step 304, the Node B sets the
RG_non_reference for the current HARQ process to +1 for a rate increase, 0 (that
1s, DTX) for no rate change, or -1 for a rate decrease according to scheduling in
the Node B scheduler in step 308. Since the RG received from the Node B is
intended for the non-reference HARQ process and the RG reference indicates
hold, the UE interprets an RG of +1 as a rate increase, an RG of 0 as no rate
change, and an RG of -1 as a rate decrease.

It the RG reference indicates down in step 304, the Node B sets the
RG non_reference for the current HARQ process to -1 for a rate increase, +1 for
no rate change, or 0 (that 1s, DTX) for a rate decrease according to scheduling in
the Node B scheduler in step 310. Since the RG received from the Node B is
intended for the non-reference HARQ process and the RG reference indicates
down, the UE interprets an RG of +1 as no rate change, an RG of 0 as a rate
decrease, and an RG of -1 as a rate increase.

In this manner, if the Node B intends to transmit an RG non reference
identical to an RG reference, it sets a DTX mode for a corresponding non-
reterence HARQ process, thereby reducing signaling overhead.

The above-described operation will be described in great detail with
reference to Table 1 and Table 2.

In Table 1 below, RG_reference values are mapped to ID RG reference
values to have predetermined meanings. For an RG reference of +1, the
ID RG reterence is 2, indicating an increase in the allowed maximum data rate
of a UE. For an RG reference of 0, the ID RG reference is 1, indicating no
change mn the allowed maximum data rate. For an RG reference of -1, the
ID RG reference 1s 0, indicating a decrease in the allowed maximum data rate.
The Node B and the UE generate and interpret RG reference values according to
Table 1.

(Table 1)

RG_reference | ID RG_reference Meaning

iy —— - R ——— T — e VS VS - & F N P

+1 2 Up
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| 0 o | -1 1 Hold
-1 0 | Down

Generation and interpretation of an RG_non_reference can be expressed
as the following function of the RG non_reference described in Table 2 below.

(Table 2)
- RG_non_refereRe - - ID_ﬁGﬁ_noE_ref&-encem ]
___" ] o +1 ____ - _,___ _(]D___:RG _Eon_Efe?mc_eﬁ-l) Qod 3 |
0 ID RG non_reference mod 3
- 1 o (ID__RG__nonﬁ_ré?érencg: 1) mod3

In Table 2, mod represents a modulo operation. “x mod y” equals the
remainder of dividing x by y. As used herein, the modulo function results n an
output ranging from 0 to |y-1] (a positive result). For instance, “1 mod 3 =1"
(three goes into one zero times, and leaves a remainder of one) and -1 mod 3=2"
(three goes into negative one negative one times, and leaves a remainder of two).
The Node B and the UE generate and interpret an RG_non_reference by
calculating an ID RG non reference according to Table 2 and detecting an
ID RG reference having the same value as the calculated ID_RG_non_reference
in Table 1.

For notational simplicity, five HARQ processes are defined, #1 through
#5. and HARQ process #1 is set as a reference HARQ process.

In the case where the Node B signals an RG of +1 for the reference
HARQ process #1 to command an increase in the allowed maximum data rate of
the UE (RG reference=+1 and ID_RG_reference=2), if it then signals an RG ot
+1 for HARQ process #2 (RG _non_reference=+1), an ID_RG_non_reference for
HARQ process #2=(ID RG reference+1 mod 3=(2+1) mod 3=0. Therefore,
looking an ID RG reference of 0 up to Table 1, the UE interprets the
RG non_reference as indicating a rate decrease. Thus, from the Node B’s point of
view, when commanding a rate decrease for HARQ process #2, the Node B
signals an RG_non_reference set to 1.

If the Node B signals an RG of 0 for HARQ process #2
(RG non_reference=0), the ID_RG _non_reference=ID_RG_reference mod 3=2
mod 3=2. Therefore, looking an ID RG reference of 2 up to Table 1, the UE

interprets the RG non_reference as indicating a rate increase. Thus, from the
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Node B’s point of view, when commanding a rate increase for HARQ process #2,
the Node B signals an RG non_reference set to 0. If the Node B signals an RG of
-1 for HARQ process #2 (RG non reference=-1), the
ID RG non reference=(ID RG reference-1) mod 3=(2-1) mod 3=1. Therefore,
looking an ID RG reference of 1 up to Table 1, the UE interprets the
RG non reference as indicating no rate change. Thus, from the Node B’s point of
view, when commanding no rate change for HARQ process #2, the Node B
signals an RG non reference set to -1. In this way, the Node B and the UE
generate and interpret RGs (RG non reference and RG reference) until before
the next reterence HARQ process, that 1s, to HARQ process #5.

In the case where the Node B signals an RG of O (that 1s, DTX) for the
reference HARQ process #1 to command no rate change 1n the allowed maximum
data rate of the UE (RG reference=0 and ID RG reference=1), if it then signals
an RG of +1 for HARQ process #2 (RG non reference=+1), the
ID RG non reference for HARQ process #2=(1ID RG referencet+1 mod 3=(1+1)
mod 3=2. Therefore, looking an ID RG reference of 2 up to Table 1, the UE
interprets the RG non reference as indicating a rate increase. Thus, from the
Node B’s point of view, when commanding a rate increase for HARQ process #2,

the Node B signals an RG non reference set to +1.

If the Node B signals an RG of 0 for HARQ process #2
(RG non reference=0, that 1s, DTX), the ID RG non reference =
ID RG reference mod 3=1 mod 3=1. Theretfore, looking an ID RG reference of
1 up to Table 1, the UE interprets the RG non reference as indicating no rate
change. Thus, from the Node B’s point of view, when commanding no rate
change for HARQ process #2, the Node B does not signal an RG 1 the DTX
mode. If the Node B signals an RG of -1 for HARQ process #2
(RG non_reterence=-1), the ID RG non reference=(ID RG reference-1) mod
3=(1-1) mod 3=0. Therefore, looking an ID RG reference of 0 up to Table 1, the
UE mterprets the RG_non reference as indicating a rate decrease. Thus, from the
Node B’s point of view, when commanding a rate decrease for HARQ process #2,
the Node B signals an RG non reference set to -1. In this way, the Node B and
the UE generate and interpret RGs (RG non_reference and RG reference) until
before the next reference HARQ process, that 1s, to HARQ process #3.

In the case where the Node B signals an RG of -1 for the reference
HARQ process #1 to command a rate decrease in the allowed maximum data rate
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of the UE (RG _reference=-1 and ID RG reference=0), if it then signals an RG of
+1 for HARQ process #2 (RG _non reference=+1), the ID RG non reference for
HARQ process #2=(ID RG reference+1 mod 3=(0+1) mod 3=1. Therefore,
looking an ID RG reference of 1 up to Table 1, the UE interprets the
RG non reference as indicating no rate change. Thus, from the Node B’s point of
view, when commanding no rate change for HARQ process #2, the Node B

signals an RG_non reference set to +1.

It the Node B signals an RG of 0 for HARQ process #2
(RG non reference=0, that 1s DTX), the ID RG non reference =
ID RG reference mod 3=0 mod 3=0. Therefore, looking an ID RG reference of
O up to Table 1, the UE interprets the RG non reference as indicating a rate
decrease. Thus, from the Node B’s point of view, when commanding a rate
decrease for HARQ process #2, the Node B does not signal an RG in the DTX
mode. If the Node B signals an RG of -1 for HARQ process #2
(RG_non reference=-1), the ID RG non reference=(ID RG reference-1) mod
3=(0-1) mod 3=2. Therefore, looking an ID RG reference of 2 up to Table 1, the
UE mterprets the RG non_reference as indicating a rate increase. Thus, from the
Node B’s point of view, when commanding a rate increase for HARQ process #2,
the Node B signals an RG non reference set to -1.

In this way, the Node B and the UE generate and interpret RGs until
before the next reference HARQ process, that 1s, until HARQ process #5.

Table 3 summarizes RGs (RG_reference and RG_non_reference) for
HARQ processes, set by the Node B.

(Table 3)
- ) - " RG_non_reference ]
| control | RG reference | When [ When [ When
| RG reference=1 RG reference=0 RG reference=-1
Up +1 Nl 0 +1 +1 '
Hold 0 S 0 a1
T e e e e R

FIG. 4 1s a block diagram of a Node B transmitter according to an
exemplary embodiment of the present invention.

For conciseness, channels other than a common code channel for carrying
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an RG (RG reference or RG non reference) are not shown. The Node B
transmits k RGs to k UEs on one common code channel using a total of k
orthogonal sequences. The orthogonal sequences can be, for example, Hadamard
sequences.

Referring to FIG. 4, the Node B transmitter is essentially divided into an
RG signaling generator 430 and a radio signal transmitter 450. The RG signal
generator 430 includes RG signaling mappers 402 to 416 through repeaters 414 to
428. The radio signal transmitter 450 includes a first summer 432 through a

scrambler 446.

In operation, a Node B scheduler 400 generates an RG command
(up/hold/down) for each UE taking into account the ROT of the cell and a
resource allocation request from the UE. The RG signaling mappers 402 to 416
map RG commands received from the Node B scheduler 400 to RG signals
according to the rule described as Table 3, taking into account HARQ process
numbers to which the RG commands are applied. Gain controllers 406 to 420
adjust transmit power with appropriate RG gains 408 to 422, Gain_RG for the
UEs, for reliable RG transmission. To increase the transmission reliability of
RG reference, an RG gain for a reference HARQ process can be set to be higher
by a predetermined offset. In this case, the RG gain for the reterence HARQ
process 1s notified by upper layer signaling or preset.

The power-controlled RGs are spread with orthogonal sequences 412 to
426 allocated to the respective UEs to identify them 1n spreaders 410 to 424 and
repeated to a TTI length in repeaters 414 to 428. The repeated RGs for all UEs are
summed in the first summer 432 and converted to parallel signals in a serial-to-
parallel converter (SPC) 434. A channel spreader 436 spreads the parallel signals
with a common channelization code C,sp 438 allocated to the E-RGCH at a
chip level. Among the chip level-spread signals, a Q-branch signal 1s phase-
shifted by 90 degrees in a phase rotator 440 and then added to an I-branch signal
in a second summer 442. A multiplexer (MUX) 444 multiplexes the sum signal
with other channel signals and a scrambler 446 scrambles the multiplexed signal,

prior to transmission to the UEs.

FIG. 5 1s a block diagram of a UE receiver according to an exemplary
embodiment of the present invention.
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For conciseness, channels other than the common code channel for
carrying an RG are not shown. In the illustrated case of FIG. 5, a receiver 1n an
arbitrary UE, UE #1 among k UEs mentioned with reference to FIG. 4 1s shown.

Referring to FIG. 5, the UE receiver is essentially divided into a radio
signal receiver 500 and an RG signaling interpreter 530. The radio signal receiver
500 includes a descrambler 502 through a MUX 512, and the RG signaling

interpreter 530 includes an accumulator 514 through an RG signal decider 522.

In operation, a received signal is descrambled in the descrambler 502,
channel-compensated in a channel compensator 504, and separated into an I-
branch signal and a Q-branch signal in a Quadrature Phase Shift Keying (QPSK)
demodulator 506. The I-branch and Q-branch signals are despread with a
common channelization code Cg,spm 510 allocated to the E-RGCH m a
despreader 508, multiplexed in a MUX 512, and accumulated as many times as
repeated in the repeaters 414 to 428 in an accumulator 514. The common
channelization code Cgspm 510 is notified to the UE by a Radio Network
Controller (RNC). The accumulated signal lasts the duration of one slot. A
correlator 516 correlates the accumulated signal with an orthogonal code 518,
orthogonal code #1 allocated to the UE. An RG signal extractor 520 compares the
correlation with a predetermined threshold and outputs an RG signal set to one of
+1, 0 and -1. The RG signal decider 522 interprets the RG signal taking into
account the RG signal and the number of a current HARQ process number.
Specifically, the RG signal decider 522 interprets the RG signal according to
Table 1 if a current HARQ process is a reference HARQ process, and according
to Table 2 if the current HARQ process is a non-reference HARQ process.

While not shown, an E-DCH transmitter transmits uplink data within an
allowed maximum data rate updated according to the interpreted RG signal.

Embodiment 2

FIG. 6 1s a flowchart illustrating an exemplary operation for generating
and interpreting a scheduling grant according to an embodiment of the present
invention.

Typically, an up/hold/down command indicated by an RG applied to the
same HARQ process number. For instance, if the Node B signals an RG
indicating up for HARQ process #2, the UE is supposed to increase an allowed
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maximum data rate applied to the latest HARQ process #2 by a predetermined
level.

Referring to FIG. 6, the Node B determines whether a current HARQ
process to which a data rate is to be allocated is a reference HARQ process 1n step
600. In the case of a reference HARQ process, the Node B determines
up/hold/down for the reference HARQ process with respect to the allowed
maximum data rate of the latest HARQ process in step 602. On the other hand, 1n
the case of a non-reference HARQ process, the Node B determines up/hold/down
for the non-reference HARQ process with respect to the allowed maximum data
rate of the reference HARQ process in step 604. Since high reliability 1s required
for RG reference, RG reference is preferably transmitted at a higher transmit
power level than RG non reference. A transmit power adjustment value
(Gain RG) for the reference HARQ process is notified by upper signaling or
preset.

In accordance with this embodiment of the present invention, a Node B
transmitter and a UE receiver are substantially identical to those illustrated in
FIGs. 4 and 5 in terms of configuration and operation, except for RG generation
and interpretation based on the above-described rule illustrated in FI1G. 6.

Embodiment 3
FIG. 7 is a flowchart illustrating an operation for generating and
interpreting a scheduling grant according to another exemplary embodiment of

the present invention.

Referring to FIG. 7, the Node B determines whether a current HARQ
process for which to allocate a data rate is a reference HARQ process 1n step 700.
If the current HARQ process is a reference one, the Node B determines an RG
value of up/hold/down with respect to the latest allowed maximum data rate ot
the reference HARQ process for the UE in step 702. On the other hand, if the
current HARQ process is a non-reference one in step 700, the Node B determines
whether the latest RG of the reference HARQ process indicates up/hold/down 1n

step 704.

If the RG reference indicates up, the Node B compares the allowed
maximum data rate of the non-HARQ process with the latest allowed maximum
data rate of the reference HARQ process in step 706. For a rate increase from the
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latest allowed maximum data rate of the reference HARQ process, the Node B
sets an RG_non_reference for the current HARQ process to 0 that is, DTX), -1
for no rate change, or +1 for a rate decrease. Since the RG received from the
Node B 1s intended for the non-reference HARQ process and the previously
received RG reference indicates up, the UE interprets an RG of +1 as a rate
decrease, an RG of 0 as a rate increase, and an RG ot -1 as no rate change.

It the RG reference indicates hold in step 704, the Node B compares the
allowed maximum data rate of the non-HARQ process with the latest allowed
maximum data rate of the reference HARQ process in step 708. For a rate
increase from the latest allowed maximum data rate of the reference HARQ
process, the Node B sets the RG non reference for the current HARQ process to
+1, 0 (that 1s, DTX) for no rate change, or -1 for a rate decrease. Since the RG
recelved from the Node B is mtended for the non-reference HARQ process and
the RG_reference indicates hold, the UE interprets an RG of +1 as a rate increase,
an RG of 0 as no rate change, and an RG of -1 as a rate decrease.

It the RG_reference indicates down in step 704, , the Node B compares
the allowed maximum data rate of the non-HARQ process with the latest allowed
maximum data rate of the reference HARQ process in step 710. For a rate
increase from the latest allowed maximum data rate of the reference HARQ
process, the Node B sets the RG non_reference for the current HARQ process to
-1, +1 for no rate change, or 0 (that is, DTX) for a rate decrease. Since the RG
received from the Node B 1s intended for the non-reference HARQ process and
the RG reference indicates down, the UE interprets an RG of +1 as no rate
change, an RG of 0 as a rate decrease, and an RG of -1 as a rate increase.

In this way, 1t the Node B intends to transmit an RG non reference
identical to an RG reference, it sets a DTX mode for a corresponding non-
reference HARQ process, thereby reducing signaling overhead.

Since high reliability is required for RG reference, RG reference is
preferably transmitted at a higher transmit power level than RG non reference. A
transmit power adjustment value (Gain RG) for the reference HARQ process is
notified by upper signaling or preset.

In accordance with the third embodiment of the present invention, a Node
B transmitter and a UE receiver are substantially identical to those illustrated in
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FIGs. 4 and 5 in terms of configuration and operation, except for RG generation
and interpretation based on the above-described rule illustrated in FIG. 7.

Embodiment 4

FIG. 8 i1s a flowchart illustrating an operation for generating and
interpreting a scheduling grant according to another exemplary embodiment of
the present invention.

Referring to FIG. 8, the Node B determines which one of commands
up/hold/down an RG for a current HARQ process will carry to the UE m step 800.
If the RG indicates up or down, the Node B signals an RG of +1 for a rate
increase or an RG of -1 for a rate decrease in the allowed maximum data rate of
the UE in step 802 or step 804. This command applies with respect to the data
rate of the UE used in the previous HARQ process of the same process number as
that of the current HARQ process.

An increment or decrement involved in the rate increase or decrease 1s
preset or notified by upper signaling, that is, Radio Resource Control (RRC)
signaling from the RNC. Because the rate increase/no change/increase in the
allowed maximum data rate of the UE are performed with respect to the data rate
of the UE used in the previous HARQ process of the same process number, the
Node B scheduler can manage ROT resources etficiently.

If the RG indicates hold in step 800, the Node B signals an RG of 0, that
is, in the DTX mode in step 806. The RG indicating hold applies with respect to
the allowed maximum data rate of the previous HARQ process to the current
HARQ process. Thus, in the case where the Node B intends to allow the same
allowed maximum data rate of the previous HARQ process for the current HARQ
process, the downlink signaling overhead is reduced. Also, even though the UE
did not transmit data in the previous HARQ process at the allowed maximum data
rate, the same allowed maximum data rate can be ensured for the current HARQ
process without any time delay.

The above UE operation 1s generalized to

SG(k,n)= R _used(k,n— 1)+ delta
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SG(k,n)=R _used(k,n—1)— delta

..... (3)
SG(k,n)=R _used(k—1,n)
..... (4)
SG(0,n)= SG(k—1,n—1)
..... (5)

The variables in Eq. (2) to Eq. (5) are defined as follows.

k: An HARQ process number. A total of k HARQ processes from HARQ
process #0 to HARQ process #(k-1) are defined.

n: A TTI count for an HARQ process. n increases by 1 every K HARQ
processes.

SG(k, n): A serving grant indicating an allowed maximum data rate for a
UE in an n™ TTI for a k™ HARQ process.

R used(k, n): An actual data rate or power ratio of an E-DCH to a
reference channel used in the n™ TTI for the k™ HARQ process.

Delta: An increment or decrement in a rate increase or decrease based on
an RG. It 1s preset or notified by upper signaling.

When the UE receives SG(k, n) for the n™ TTI of the k™ HARQ process
from the Node B, the allowed maximum data rate 1s determined in the following

way.

If RG(k, n)=+1, 1t indicates up. Thus, the allowed maximum data rate 1s
increased by delta from the data rate used in an (n-1)th TTI of the k™ HARQ
process according to Eq. (2). If RG(k, n)=-1, it indicates down. Thus, the allowed
maximum data rate 1s decreased by delta from the data rate used in the (n-1)th
TTI of the k™ HARQ process according to Eq. (3).

If RG(k, n)=0 (that is, DTX), it indicates hold. Thus, the allowed
maximum data rate depends on the HARQ process number k. If k is not 0, the
allowed maximum data rate is the allowed maximum data rate of an n™ TTI of a
(k-1)™ HARQ process according to Eq. (4). If k is 0, the allowed maximum data
rate is the allowed maximum data rate of an (n-1)" TTI of the (k-1)" HARQ
process according to Eq. (5).



10

15

CA 02582442 2007-03-30
WO 2006/052118 | PCT/KR2005/003864

- 20 -

In accordance with this embodiment of the present invention, a Node B
transmitter and a UE receiver are substantially identical to those illustrated in
FIGs. 4 and 5 in terms of configuration and operation, except for RG generation
and interpretation based on the above-described rule illustrated in FIG. 8.

As described above, embodiments of the present 1nvention
advantageously increase efficiency in generation of an RG as a scheduling grant
by which to control the data rate of a UE 1in a Node and in RG interpretation in
the UE and reduces downlink signal overhead arising from frequent RG
transmissions for E-DCH transmission to which Node B-controlled scheduling 1s
applied.

While the invention has been shown and described with reterence to
certain exemplary embodiments thereof, i1t will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined by the appended
claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are detined as tollows:

L. A method of transmitting uplink packet data by a User Equipment (UE) including
a plurality of hybrid automatic repeat request (HARQ) processes in a mobile
communication system, comprising the steps of:

detecting a relative grant (RG) associated with a HARQ process from a Node B
by the UE;

setting an allowed maximum power ratio of the HARQ process to the allowed
maximum power ratio in an immediately previous transmission time nterval (TT1) of the

HARQ process by the UE, if the RG indicates hold; and

transmitting packet data within the set allowed maximum power ratio of the

HARQ process to the Node B by the UL,
wherein if the RG indicates hold, the detecting step comprises the step of
detecting the RG from the Node B in a discontinuous transmission (DTX) mode by the

UL.

2. The method of claim 1, further comprising the step of, if the RG indicates up.
increasing a latest power ratio used for a previous TTI in the same HARQ process by a

predetermined level and setting the increased power ratio as the allowed maximum power

ratio of the HARQ process.

3. The method of claim 1, further comprising the step of, if the RG indicates down,

decreasing a latest power ratio used for a previous TT1 in the same HARQ process by a
predetermined level and setting the decreased power ratio as the allowed maximum

power ratio of the HARQ process.

+. The method of claim 1, further comprising the step of, if the RG indicates one of
up and down, setting the allowed maximum power ratio based on a latest power ratio

used for a previous TTI 1n the same HARQ process.

5. The method of claim 1, wherein the RG indicates one of a change and hold of the

allowed maximum power ratio of the HARQ process.



CA 02582442 2012-05-18

_27

6. The method of claim 1, wherein the allowed maximum power ratio 1s equivalent

to an allowed maximum power ratio of the HARQ process in an uplink transmission.

7. The method of claim 2, wherein the predetermined level 1s notified from a radio

network controller (RNC) by radio resource control (RRC) signaling.

8. The method of claim 3, wherein the predetermined level is notified {from a radio

network controller (RNC) by radio resource control (RRC) signaling.

9. A method of transmitting control information for uplink packet data reception for
a User Equipment (UE) including a plurality of hybrid automatic repeat request (HARQ)
processes, in a Node B of a mobile communication system, comprising the steps of:
determining an allowed maximum power ratio of a HARQ process of the UE;
setting a relative grant (RG) associated with the HARQ process to hold so that the
UE sets the allowed maximum power ratio of the HARQ process to an allowed maximum
power ratio of an immediately previous transmission time interval (171T) of the HARQ
process; and
instructing the RG associated with the HARQ process to the UE by the Node B,
wherein if the RG is set to hold, the instructing step comprises the step ot

instructing the RG to the UE in a discontinuous transmission (D1TX) mode.

10.  The method of claim 9, further comprising the step of setting the RG to up by the
Node B, if the determined allowed maximum power ratio is higher than a latest allowed

maximum power ratio in a previous TTI for the same HARQ process.

11.  The method of claim 9, further comprising the step of setting the RG to down by
the Node B, if the determined allowed maximum power ratio is lower than a latest

allowed maximum power ratio in a previous T'1T1 for the same HARQ process.

12.  The method of claim 9, further comprising the step of, if the RG 1s set to one of
up and down, instructing the UE to set the allowed maximum power ratio based on a

latest power ratio used for a previous TTI in the same HARQ process.
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13.  The method of claim 9, wherein the RG 1ndicates one of a change and hold of the

allowed maximum power ratio of the HARQ process.

14.  The method of claim 9, wherein the allowed maximum power ratio is equivalent

to an allowed maximum power ratio of the HARQ process in an uplink transmission.

15.  An apparatus for transmitting uplink packet data in a User Equipment (UE) of a
mobile communication system, the UE including a plurality of hybrid automatic repeat
request (HARQ) processes, the apparatus comprising:

a recerver for detecting a relative grant (RG) associated with a HARQ process
from a Node B:

a controller for setting an allowed maximum power ratio of the HARQ process to

an allowed maximum power ratio in an immediately previous transmission time interval

(TTI) of the HARQ process, i1f the RG indicates hold; and

a transmuitter for transmitting packet data within the set allowed maximum power

rat1o of the HARQ process,
wherein if the RG 1s set to hold, the RG 1s received from the Node B in a

discontinuous transmission (DTX) mode.

16.  The apparatus of claim 15, wherein if the RG indicates up, the controller
increases the latest power ratio used for a previous TTT in the same HARQ process by a

predetermined level and sets the increased power ratio as the allowed maximum power

ratio of the HARQ process.

17. The apparatus of claim 15, wherein if the RG indicates down, the controller
decreases the latest power ratio used for a previous TTI in the same HARQ process by a

predetermined level and sets the decreased power ratio as the allowed maximum power

ratio of the HARQ process.

18.  The apparatus of claim 15, wherein if the RG indicates one of up and down, the
controller sets the allowed maximum power ratio based on a latest power ratio used for a

previous TTI in the same HARQ process.
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19. The apparatus of claim 15, wherein the RG indicates one of a change and hold of

the allowed maximum power ratio of the HARQ process.

20.  The apparatus of claim 15, wherein the allowed maximum power ratio 1s
equivalent to the allowed maximum power ratio of the HARQ process in an uplink

transmission.

21.  The apparatus of claim 15, wherein the controller interprets the RG according to a
predetermined first rule, taking into account the RG and the number of the HARQ
process, if the HARQ process 1s a reference HARQ process, and according to a
predetermined second rule taking into account the RG and the number of the HARQ

process, 1f the HARQ process 1s a non-reference HARQ process.

22.  The apparatus of claim 15, wherein if the HARQ process 1s a reference HARQ
process, the controller increases, keeps or decreases the latest allowed maximum power
ratio of the HARQ process according to the RG, taking into account the RG and the
number of the HARQ process, and sets the increased, kept or decreased allowed
maximum power ratio as the allowed maximum power ratio of the HARQ process, and 1f
the HARQ process 1s a non-reference HARQ process, the controller increases, keeps or
decreases the latest allowed maximum power ratio of a reference HARQ process
according to the RG, taking into account the RG and the number of the HARQ process,
and sets the increased, kept or decreased allowed maximum power ratio as the allowed

maximum power ratio of the HARQ process.

23. The apparatus of claim 15, wherein the controller interprets the RG using the
latest allowed maximum power ratio of a reference HARQ process according to the
predetermined first rule, taking into account the RG and a HARQ process number of the
HARQ process, if the HARQ process 1s the reference HARQ process, and using the latest
allowed maximum power ratio of a reference HARQ process according to a

predetermined second rule, taking into account the RG and a HARQ process number of

the HARQ process, if the HARQ process is a non-reference HARQ process.

24.  The apparatus of any one of claims 15 to 23, wherein the receiver comprises:



CA 02582442 2012-05-18

25 -
a descrambler for descrambling the received signal,;

a channel compensator for channel-compensating the descrambled signal;

a quadrature phase shift keying (QPSK) demodulator for separating the channel-
compensated signal into an I-branch signal and a Q-branch signal;

a despreader for despreading the I-branch signal and the Q-branch signal with the
common channelization code allocated to the RG: and

a multiplexer for multiplexing the despread signals and providing the multiplexed

signal to the controller.

25.  The apparatus of claim 24, wherein the controller comprises:

an accumulator for accumulating the multiplexed signal as many times as
repeated in the Node B;

a correlator for correlating the accumulated signal with an allocated orthogonal
sequence and outputting a correlation;

an RG signal extractor for detecting the RG having one of three values +1, 0 and -
I by comparing the correlation with a predetermined threshold; and

an RG signal decider for determining the allowed maximum power ratio of the

HARQ process, taking into account the RG and the number of the HARQ process.

26.  An apparatus for transmitting control information for uplink packet data reception
for a User Equipment (UE) including a plurality of hybrid automatic repeat request
(HARQ) processes, in a Node B of a mobile communication system, the apparatus
comprising:

a controller for determining an allowed maximum power ratio of a HARQ process
of the UE, and setting an RG associated with the HARQ process to hold so that the UE
sets the allowed maximum power ratio of the HARQ process to an allowed maximum
power ratio of an immediately previous transmission time interval (TTI) of the HARQ
process; and

a transmitter for instructing the RG to the UE,

wherein if the RG is set to hold, the transmitter instructs the RG to the UE in a

discontinuous transmission (DTX) mode.
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27.  The apparatus of claim 26, wherein the controller sets the RG to up, if the

determined allowed maximum power ratio is higher than the latest allowed maximum

power ratio in a previous TTI for the same HARQ process.

28.  The apparatus of claim 26, wherein the controller sets the RG to down, if the
determined allowed maximum power ratio i1s lower than the latest allowed maximum

power ratio in a previous TTT for the same HARQ process.

29.  The apparatus of claim 26, wherein 1f the RG 1s set to one of up and down, the

controller instructs the UE to set the allowed maximum power ratio based on a latest

power ratio used for a previous TTI in the same HARQ process.

30.  The apparatus of claim 26, wherein the RG indicates one of a change and hold of

the allowed maximum power ratio of the HARQ process.

31.  The apparatus of claim 26, wherein the allowed maximum power ratio is

equivalent to the allowed maximum power ratio of the HARQ process.

32.  The apparatus of any one of claims 26 to 31, wherein the controller comprises:
an RG signal mapper for generating the RG, taking into account the number of
the HARQ process according to a predetermined rule and mapping the RG to an RG
signal;
a gain controller for changing the transmit power of the RG signal by adjusting

the gain of the RG signal;

a spreader for spreading the power-adjusted RG signal with an orthogonal

sequence allocated to the UE; and

a repeater for repeating the spread RG signal to the length of a transmission time

interval.

33.  The apparatus ot claim 32, wherein the transmitter comprises:
a first summer for adding the repeated RG signal with RG signals for other
transceivers and outputting a first sum signal;

a serial-to-parallel converter for converting the sum signal to parallel signals;
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a channel spreader for spreading the parallel signals with a common
channelization code allocated for transmission of the RG:
a phase rotator for shifting the phase of a Q-branch signal among the spread
signals;
a second summer for adding the phase-shifted Q-branch signal to an I-branch

signal among the spread signals and outputting a second sum signal;

a multiplexer for multiplexing the second sum signal with other channel signals;

and

a scrambler for scrambling the multiplexed signal and transmitting the scrambled

signal to the UE.

34. The apparatus of claim 32, wherein the RG signal mapper maps the RG to 0, -1,
or +1 to indicate up, hold or down according to a predetermined second rule, if the
HARAQ process 1s a non-reference HARQ process and an RG for a reference HARQ

process indicates up.

35.  The apparatus of claim 32, wherein the RG signal mapper maps the RG to +1, 0
or -1 to indicate up, hold or down according to a predetermined second rule, if the HARQ

process 1s a non-reference HARQ process.

36.  The apparatus of claim 32, wherein the RG signal mapper maps the RG to -1, +1
or 0 to indicate up, hold or down according to a predetermined second rule, 1f the HARQ

process 1s a non-reference HARQ process.

37. The apparatus of claim 32, wherein the RG signal mapper maps the RG to +1, 0

or -1 to indicate up, hold or down.

38.  The apparatus of claim 26, wherein the controller generates the RG according to a
predetermined first rule 1f the HARQ process is a reference HARQ process and according

to the predetermined second rule if the HARQ process is a non-reference HARQ process.

39.  The apparatus of claim 26, wherein 1f the HARQ process is a reference HARQ

process, the controller increases, decreases or keeps the latest allowed maximum power
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ratio of the HARQ process according to the RG and sets the increased, decreased or kept
allowed maximum power ratio as the allowed maximum power ratio of the
predetermined HARQ process, and 1f the HARQ process is a non-reference HARQ
process, the controller increases, decreases or keeps the latest allowed maximum power
ratio of a reference HARQ process according to the RG and sets the increased, decreased

or kept allowed maximum power ratio as the allowed maximum power ratio of the

HARQ process.

40.  The apparatus of claim 26, wherein the controller generates the RG using the
latest allowed maximum power ratio of the reterence HARQ process according to the
predetermined first rule 1f the HARQ process 1s a reterence HARQ process and using the
latest allowed maximum power ratio of the reference HARQ process according to the

predetermined second rule 1f the HARQ process is a non-reference HARQ process.



CA 02582442 2007-03-30
WO 2006/052118 PCT/KR2005/003864

1/8

<

113

100

a8
L
-
O
=




CA 02582442 2007-03-30
WO 2006/052118 PCT/KR2005/003864

2/8
\'l/
NODE B
o _LQOQ
E-DCH SETUP
- 204

SCHEDULING INFORMATION

SCHEDULING ~206
208

- S
| SCHEDULING GRANT )

I S
DETERMINE TF OF E-DCH

210

212

I tulali
Qo TFINFORMATION |

214

PACKET DATA TRANSMISSION ON E-DCH

ACK/NACK GENERATION k216

218 :
T ACKINACK \

FI1G.2




CA 02582442 2007-03-30

PCT/KR2005/003864

WO 2006/052118

O
—
D)

dN < |- = (1)9d

NMOGQ « 0 = (1)od

0L§

JT10H « |+ = (1)5Y

NMOQ

30¢

NMOd « [-

= (1)

d70H « 0 = ()oY

(NMOQ/GT0H/dN
=30NIHIHH DY

(1)o4

o Vld

90¢

aN3

0I0H « |- = ()9H
dN <« 0= ()oY
NMOQ < 1+ = (1)9Y

dfl

ON

40

00¢

NMOd « |- = (I)9DY
AI0H <« 0 = ()oY
dN « [+ = ()5Y

SAA

,SS3V0YcC
OdVH FONIHI43H=!

2530084 OdVH LN3dEN)



PCT/KR2005/003864

7 OIA

@Mv mwv
¥4 JONINO3S wmwmmm&
. TYNODOHLHO
S{auuBy9 J8U10 | . .
| - _ H3ddVIN
H31V3d3Y le~(Xpe—X) W4 30

S _ Qe 0c¥
HTIGINYHOS ke XN 44

CA 02582442 2007-03-30

WO 2006/052118

4/8

NOISSIASNYH L

_ N
1747 0T~ ooy
0 2y qu
BEy~fuw.ds | |
N -9 | 9ds €< N SS3IN0Hd
_ by ] _ [# 3ONINO3IS Sy
4L TYNODOH.LHO oS
| — X< o
_ _ , l=le
HOOY-3 | B i T . St H3ddYIN ON
oY 7oy 287 .y

S

0S¥

1745%

oty | 907
oy Ures
a0y

oey

TVNOIS D4
4017

L4 3n

00



CA 02582442 2007-03-30

PCT/KR2005/003864

WO 2006/052118

5/8

=e | -
O | |4378WYHOS| | HOLYSNIdWOO | _|HOLYINGOW
°f] -3a TINNYHO -3Q
= 208 y0S
905 -
005

S OIA

d0L1VINANNDOY

< |
LD

31G

N $S300Hd
# JONINOIS OYVH
WNOSOHIEO | 0,

91§

JyoLoveixal
WNDIS DY [~ [IYNDIS BH

0¢S

0€S

H3q103a

GG




CA 02582442 2007-03-30
WO 2006/052118 PCT/KR2005/003864

6/8

-600

GURRENT HARQ PROCES NO
=REFERENCE HARQ
PROCESS?
e RG()=+1/0/-1 - _
RG(i)=+1/0/~1 — UP/HOLD/DOWN OF I /ngb%oﬁm’x'\l'MOUF ATEST]
LATEST ALLOWED MAXIMUM DATA k602 | " RaTE OF Rererence | o0
RATE OF HARQ PROCESS | | o ob REFERENCE ]

END

F1G.6



CA 02582442 2007-03-30

PCT/KR2005/003864

WO 2006/052118

7/8

dN < |-=(1)9Y
NMOQ < 0 = (1)BY
Q10H « |+ = ()oY

SS300Hd OHVH
JON3d343dd 40 31Ve

v.L¥a WNINIXYW G3MOTIV|

1S31V1 OL 193dS3H HLIM
i !

NMOG

V0.

L)

TNMOGQ < |- = ()94
Q70H < 0 = (I)oH
4N « 1+ = ()94

SS300Hd OHVH
3ON343434 40 3LvH

vLYQ WNINIXYIN G3IMOTTY
| 1531101 103dS3H HLIM

80/

d'10H

(NMOQ/QI0H/dN
=30N343434 O

e

QI0H « |- = ()oY
dN < 0= ()oY
NMOQ « |+ = (1)9Y

SS3004dd OdVH
40Ndd3dd4dd J0 41vd

| V.LYQ WNINIXYIW G3IMOTTY
1S31V1 0L 1034S34 HLIM

90.

dl]

ON

it i

NMOQ « |- = ()OY
J10H < 0 = (1)o4
dN < |+ = ()54

5S3004dd OaVi
JONJgd3dd 40 J1ve

vV.1va WANIXYIN AIMOTTV

| 1S31V1 0L 10345348 HLIM

¢0.

oA

. ,S53004ad
. OdVH JONId3434=!

53004d DYYH LNIHEND

00




CA 02582442 2007-03-30

PCT/KR2005/003864

WO 2006/052118

8/8

SS3004d O4VH SNOIAJHd

=31Vd VLVA ANNIXYN GIMOTIV

908

J10H

[ 311 40 31w viva wanixyw aamotv| |

708

3 DI

AON=

ININIHOIA+HIEN
JAVS 40 SSIO0k

OHVH 1S31¥1 40 3LVH V1V
=31vH Y.LVYA WAWIXYN G3MOT

v _

N

d

NMOd

TNMOQ/QT0H/dN=SS30044
OuvH INIHEND 40 DY -

df]

INFWISONI+a38ANN
JAVS 40 §S3004d

O"VH 1S31VT 40 31VH V1VQ
=31vd VLvA NNNIXYIN IMOTTV

¢U8



NODE B
202
< E-DCH SETUP
204
<Z SCHEDULING INFORMATION
SCHEDULING iizoe
208
SCHEDULING GRANT :>
210
DETERMINE TF OF E-DCH |
212

I

TF INFORMATION

r214

< PACKET DATA TRANSMISSION ON E-DCH <

ACK/NACK GENERATION |~A216
218
| ACK/NACK D




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - abstract drawing

