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1
SLOW UPLINK POWER CONTROL

CLAIM OF PRIORITY UNDER 35 US.C. §119

2
Ec/Nt (chip SNR) for demodulation (see TR25.896 of 3rd
Generation Partnership Project (3GPP) for HSUPA).
When an orthogonal multiple access scheme such as
Single-Carrier Frequency Division Multiple Access (SC-

The present Application for Patent claims priority to U.S. 5 FDMA)—which includes interleaved and localized Fre-
Provisional Application No. 60/692,154 entitled “Slow quency Division Multiple Access (FDMA) or Orthogonal
Uplink Power Control” filed Jun. 20, 2005. Said application Frequency Division Multiple Access (OFDMA)—is used;
assigned to the assignee hereof and hereby incorporated by multi-user interference is not present for low mobility and
reference. small for moderate mobility. This is the case for the next

10 generation UMTS enhanced-UTRA (E-UTRA) system—
BACKGROUND which employs SC-FDMA—as well as IEEE 802.16¢ also
known as Worldwide Interoperability for Microwave Access

The invention relates generally to communication systems. (WiMAX)—which employs OFDMA, In this case, the fluc-
More particularly, embodiments of the invention relate to tuation in the total interference only comes from inter-cell
controlling radio resources in a communication system. 15 interference and thermal noise which tends to be slower.

High Speed Uplink Packet Access (HSUPA) is a packet- While fast power control can be utilized, it can be argued that
based data service of Universal Mobile Telecommunication its advantage is minimal. Hence, only slow power control is
Services (UMTS) with typical data transmission capacity of a needed for orthogonal multiple access schemes.
few megabits per second, thus enabling the use of symmetric
high-speed data services, such as video conferencing, 20 SUMMARY
between user equipment and a network infrastructure.

An uplink data transfer mechanism in the HSUPA is pro- In light of the foregoing background, embodiments of the
vided by physical HSUPA channels, such as an Enhanced invention provide a method, network entity and user equip-
Dedicated Physical Data Channel (E-DPDCH), implemented ment for slow uplink power control of user equipment in a
on top of Wideband Code Division Multiple Access 25 wireless communication system by responding to a long term
(WCDMA) uplink physical data channels such as a Dedi- control metric that is derived from an uplink channel metric
cated Physical Control Channel (DPCCH) and a Dedicated over a plurality of transmission instances and a set of perfor-
Physical Data Channel (DPDCH), thus sharing radio mance criteria. A method for slow uplink power control in
resources, such as power resources, with the WCDMA uplink accordance with and embodiment of the invention measures
physical data channels. The sharing of the radio resources 30 atleastoneuplink channel metric for user equipment and then
results in inflexibility in radio resource allocation to the determines an appropriate transmit power for the user equip-
physical HSUPA channels and the WCDMA physical data ment by using a control metric derived from the uplink chan-
channels. In CDMA, which is a non-orthogonal multiple nel metric corresponding to a plurality of transmission
access scheme, the signals from different users within the instances for the user equipment.
same cell interfere with one another. This type of interference 35  Therefore, the system and method of embodiments of the
is known as the intra-cell interference. In addition, the base present invention provide additional advantages to prior tech-
station also receives the interference from the users transmit- niques while avoiding corresponding aspects that are not
ting in neighboring cells. This is known as the inter-cell necessary in a communication system where multiple trans-
interference. missions are substantially orthogonal to each other.

Uplink power control is typically intended to control the 40
received signal power from the active user equipments (UEs) BRIEF DESCRIPTION OF THE DRAWINGS
to the base as well as the rise-over-thermal (RoT), which is a
measure of the total interference (intra- and inter-cell) relative Having thus described the invention in general terms, the
to the thermal noise. In systems such as HSUPA, fast power invention will be described in greater detail with reference to
control is required due to the fast fluctuation in multi-user 45 the erpbodiments and the accompanying drawings, and
(intra-cell) interference. This fast fluctuation will otherwise wherein:
result in the well-known near-far problem. Moreover, as FIG. 1 shows a first example of a wireless telecommuni-
uplink transmission in an HSUPA system is not orthogonal, cations system;
the signal from each transmitting UE is subject to interference FIG. 2 shows an example of an HSUPA channel structure
from another transmitting UE. If the signal strength of UEs s0 and an HSUPA protocol; and
varies substantially, a stronger UE (for example, a UE in FIG. 3 is a flowchart presenting a method in accordance
favorable channel conditions experiencing a power boost due with an embodiment of the invention.
to constructive short term channel fading such as Rayleigh
fading) may completely overwhelm the signal of a weaker UE DETAILED DESCRIPTION
(with signal experiencing attenuation due to short term fad- 53
ing). To mitigate this problem, fast power control has been The invention now will be described more fully hereinafter
considered previously in the art where fast power control with reference to the accompanying drawings. This invention
commands are transmitted from a base station to each UE to may, however, be embodied in many different forms and
set the power of uplink transmission. As the objective ofthese should not be construed as limited to the embodiments set
power control commands is to combat short term channel 60 forth herein. Rather, these embodiments are provided so that
fading for typical UE speeds and carrier frequencies in the this disclosure will be thorough and complete, and will fully
order of 1 GHz, their transmission rate is in the order of 1 convey the scope of the invention to those skilled in the art
millisecond. This is also typically the order of a transmission FIG. 1 illustrates an example of a network architecture of a
time interval. In addition to this fast power control (a.k.a. wireless telecommunications system to which the present
inner loop power control), a slow power control (a.k.a. outer 65 solution may be applied. Below, embodiments of the inven-

loop power control) to ensure that each of the user dedicated
channels and other uplink control channels have sufficient

tion will be described using the Universal Mobile Telecom-
munications System (UMTS) as an example of the wireless

AA/SWA Ex. 1016, p.4 of 8
American Airlines, et. al. v. Intellectual Ventures, et. al.
IPR2025-01509



US 7,668,564 B2

3

telecommunications system. The invention may, however, be
applied to any wireless telecommunications system that sup-
ports HSUPA protocol elements, such as Hybrid Automatic
Retransmission Request (HARQ) and Adaptive Modulation

4

control command generated in accordance with embodiments
of the invention, a user interface, and a battery not shown in
FIG. 1.

User equipment implemented in accordance with embodi-

and Coding (AMC). At the same time, different network 5 ments of the invention is capable of receiving a slow power
architecture is envisioned for the next generation systems control command at a rate substantially smaller than the
such as the UMTS E-UTRA which is a full-IP based network. transmission time interval rate. The transmission time inter-
In that case, the network architecture will be greatly simpli- val rate may be in the order of a millisecond and the power
fied compared to what is depicted in FIG. 1. The structureand  control update rate may be in the order of tens/hundreds of
the functions of such a wireless telecommunications system 10 milliseconds or slower.
and those of the associated network elements are only The USIM 116 comprises user-related information and
described when relevant to the invention. information related to information security in particular, for
The wireless telecommunications system may be divided instance an encryption algorithm.
into a core network (CN) 100, a UMTS terrestrial radio access The basic structure and operation of the user equipment
network (UTRAN) 102, and user equipment (UE) 104. The 15 104 are known to one skilled in the art and only the details
core network 100 and the UTRAN 102 compose a network relevant to the present solution are discussed in detail.
infrastructure of the wireless telecommunications system. FIG. 2 illustrates an example of physical channels and
The UTRAN 102 is typically implemented with wideband  procedures associated with the HSUPA protocol. This is
code division multiple access (WCDMA) radio access tech- given for informative purpose as the next generation UMTS
nology. 20 system employs a significantly different link model and it is
The core network 100 includes a serving GPRS support not built on top of WCDMA.. However, some of the function-
node (SGSN) 108 connected to the UTRAN 102 over an Iu PS alities depicted in FIG. 2 that are exclusively related to
interface. The SGSN 108 represents the center point of the ~ HSUPA still remain relevant for the next generation system.
packet-switched domain of the core network 100. The main  The network infrastructure (NIS) is presented by vertical axis
task of the SGSN 108 is to transmit packets to the user 2> 200 and the user equipment is presented by vertical axis 202.
equipment 104 gnd to receive packets from the user equip- An uplink control channel, such as an uplink DPCCH
ment 104 by using the UTRAN 102. The SGSN 108 may (Dedicated Physical Control Channel) defined in the 3GPP
contain s.ubscriber and location i.nforme.itio.n related to the (3" Generation Partnership Project) specification, transmit-
user equipment 104. Note that since this is a legacy from  ted by the user equipment 200 includes pilot sequences. The
GPRS, it may not be needed in the next generation UMTS " otwork infrastructure 200 receives the pilot sequences and
system. estimates signal quality parameters, such as SIR (Signal-to-
The UTRAN 102 includes radio network sub-systems Interference Ratio), of the uplink DPCCH 204. Similar pilot
(RNS) 106A, 106B, each of which includes at least one radio channels are also included in other technologies for uplink
network controller (RNC) 110A, 110B and nodes B also __ transmission, such as ones based on SC-FDMA or OFDMA,
referred to as base station 112A, 112B, 112C, 112D. In the > 45 the pilot channel is typically needed for several receiver
next generation full-IP network, the role of RNC will be functionalities, such as for example, channel estimation, time
deemphasized since most of its functionalities are moved to and frequency tracking, and so on.
the base stations. It will be replaced by either an “RNC-Lite” The network infrastructure 200 generates slow power con-
or it will be yemoved and have its functionality performed at 4 trol commands on the basis of the signal quality parameters
the base station (Node B) level. and transmits the slow power control commands to the user
Some functions of the radio network controller 110A, equipment 202 over a downlink control channel 206, such as
110B may be implemented with a digital signal processor, adownlink DPCCH. The slow power control commands may
memory, and computer programs for executing computer be associated with an inner loop of a closed-loop power
processes. The basic structure and the operation of the radio 45 control protocol, for example, which is the case for HSUPA.
network controller 110A, 110B are known to one skilled in The user equipment 202 may be connected to the network
the art and only the details relevant to the present solution are infrastructure 200 over an uplink physical data channel 208,
discussed in detail. such as a DPDCH (Dedicated Physical Data channel) defined
The node B 112A, 112B, 112C, 112D implements the Uu in the 3GPP specification. The uplink physical data channel
interface, through which the user equipment 104 may access 5, 208 represents a conventional data channel that as such
the network infrastructure. Some functions of the base station excludes the use of the HSUPA protocol. The uplink physical
1124, 112B, 112C, 112D may be implemented with a digital data channel 208 is typically used for high priority services,
signal processor, memory, and computer programs for such as conversational class speech services and RRC (Radio
executing computer processes. Resource Controller), in relation to the HSUPA data transfer
The basic structure and operation of the base station 112A, 55 capacity. High data rate packet services in the uplink are
112B,112C, 112D are known to one skilled in the art and only provided by a physical HSUPA channel 210, such as an
the details relevant to the present solution are discussed in E-DPDCH (Enhanced Dedicated Physical Data Channel)
detail. The user equipment 104 may include two parts: mobile defined in the 3GPP specification. The E-DPDCH transfers
equipment (ME) also know as mobile stations in the art 114 data blocks in predetermined temporal intervals, such as a
and a UMTS subscriber identity module (USIM) 116. The 4, TTI (Transmission Time Interval). Each data block is
mobile equipment 114 typically includes radio frequency received, and a CRC (Cyclic Redundancy Check) procedure,
parts (RF) 118 for providing the Uu interface. for example, is used to test the success of the reception of the
The user equipment 104 further includes a digital signal block.
processor 120, memory 122, and computer programs for A block acknowledgement message is generated for each
executing computer processes. The user equipment 104 may 65 data block on the basis of the test. If the data block was

further comprise an antenna, an RF components adapted to
adjust the transmission power in response to a slow power

received successfully, the block acknowledgement message
indicates “acknowledgement (ACK)”. If the data block was
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received unsuccessfully, the block acknowledgement mes-
sage indicates “non-acknowledgement (NACK)”.

The block acknowledgement message is transmitted from
the infrastructure 200 over an HSUPA acknowledgement

6

a. Decentralized scheme: coordination among different
base stations/cells in the network is not required. One
possible method in this class is to limit the UE transmit
power relative to the thermal noise depending on its

message channel 212. The uplink physical data channel 208 3 distance to the base station in that cell. For instance, the
and the physical HSUPA channel 210 are parallel code chan- distance can be determined from the measured received
nels each typically having different channel codes. power or from using a distance or location estimator
Embodiments of the invention disclose methods of slow algorithm. While this cannot guarantee that each UE will
uplink power control for systems that employ orthogonal see minimum amount of inter-cell interference, it cer-
multiple access schemes. As mentioned above, the purpose of 10 tainly guarantees that the amount of inter-cell interfer-
slow power control in HSUPA is to ensure sufficient Ec/Nt ence 1s .bounded. o .
(long term average received SNR) for demodulation. For the b. Ceqtrallzed sc'heme: coordlna.tlon among d}fferent base
disclosed methods and the associated embodiments, in addi- stations/cells in the network is required via a network
tion to ensuring sufficient Ec/Nt, the slow power control resource manager such as radlp netwqu controller
scheme is also used to control the amount of inter-cell inter- 13 (RNC) for WCDMA network or its substitute for other
ference that is experienced by all the cells. Hence, the slow network architectures. Ina full-IP ne.:twork, the. substi-
power control scheme is essentially a function of long term tute could be an RNC-Lite or a certain base station that
channel statistics such as the shadowing and path losses. That is assigned to be the resource manager for a network of
is, the slow power control directly or indirectly adapts to multiple base stations. .Inthlsicase, the network resource
changes in those long term channel statistics. Several 20 manager performs a joint optimization or control which
schemes to obtain some measurements of those statistics will assigns the transmit power for each of the UEs in the
be disclosed. network to ensure that each of the UEs sees minimum
FIG. 3 is a flowchart presenting a method in accordance amount of inter'-cell interf.erence.. Since the power con-
with an embodiment of the invention. The method starts at le is slow, this “?e‘h"d is feasible at the expense of
300. A network entity, Node B or a base station for example, 3 increased comp.lexny in the network protocol compared
measures the uplink channel for each of the active UEs at 310. to the degentrahzed _S.C heme. L. .
This is done via channel estimation, which gives an estimate ¢. Cooperative sch.eme‘ instead of coordination among dl.f )
of the instantaneous uplink channel. From this estimate, the ferent base stations/cells, t Wo or more base stat.lons m
base station derives and uses a particular metric to decide the network can communicate and cooperate with one
which UEs are scheduled for uplink transmission, 320. 30 gnother to.adjust their transmit powers baseq upon the%r
Examples of such metric is the channel quality indicator inter-cell 1n§erference measuremgnts. For instance, if
(CQI) or SINR or channel energy or simply the instantaneous one base station de?ects too much 1nFerferep ce from the
received power. Also, non-channel dependent aspects such as gelgh boring cells, it can ask the 'nelgh.bormg bas.e sta-
the HARQ buffer status for each UE, the latency requirements tions to lower the uphqk powers 1n th‘elr‘ cells. This can
35 also be done for multiple sectors within the same or

for the transmission from each UE, the type of communica-
tion (for example, file download or interactive), and so on,
may also be considered. A scheduler that incorporates a fair-
ness criterion may be used.

Referring now to 330, the instantaneous uplink channel
metric is averaged over multiple transmission instances (e.g.
symbols, TTIs, sub-frames, frames) to obtain a control metric
for slow power control. The averaging length is chosen such
that this metric reflects the long term channel conditions such
as shadowing and path losses. Different averaging techniques

40

different cells.

After the base station determines the UE transmit power, it
sends a command to each of the scheduled UEs to increase,
decrease, or maintain its transmit power, 350. This can be
done in many ways:

a. A dedicated downlink channel is used to send the slow
power control command. Depending on the number of
bits in the power control codeword, different power con-
trol increment may result. For example, with 1-bit code-

b qS ) i ohted 45 word, the base station can only command the UE to
may be used. Some examples are uniform vs. weighted aver- increase or decrease its power by XdB, where X can be
aging, one-sided vs. two-sided averaging, or a more general any number. A 3-level command can also be issued
type of filtering. A more general embodiment is to derive the (increase, decrease, no change). In general, with N bits
long-term control metric from a function of the instantaneous 2¥ powe r’ levels ¢ ar,l be used ’ ’
metrics and the stored prev1ou§ Metrics. ) . 50  b. The slow power control command is sent (fed back) via

Based upon the control metric, the base station determines an existing downlink channel. For example, this channel
the appropriate UE transmit power for the scheduled UEs can be the downlink shared control channel used to
using one or more criteria at 340. As mentioned above, the provide scheduling grants to user equipments for uplink
criteria may be chosen to ensure sufficient Ec/Nt and at the transmission. The power control codeword may be
same time controlling the amount of inter-cell interference. 55 included in the downlink shared control channel at a rate
Another example is to classify UEs according to criteria such that is much slower than the transmission time interval
as guaranteed quality of service (QoS) or allowed throughput (TTI) duration over which the downlink shared control
and modify the transmit power accordingly. In general, the channel is typically transmitted. In other words, the
criteria may be modified during the system operation depend- power control codeword may be included in the down-
ing on the need. Furthermore, the base station may use dif- 4, link shared control channel once every many (for
ferent criteria for different UEs. For example, the UEs in the example, hundreds) transmissions of that channel. The
handover state may be assigned different criteria from those feedback rate can be related to the averaging length of
that are not. Also, it may be more efficient for the UEs that are deriving the long-term metric from the short-term met-
close to the base station to be assigned different criteria from ric. Alternatively, if finer power adaptation (large num-
those that are on the cell edges. 65 ber of possible power level increment/decrement) is

To control inter-cell interference, numerous methods can
be used and categorized into several classes:

desired, the feedback rate may be somewhat higher but
the number of bits per feedback may be made smaller.
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Yet another alternative is to send the command via some
higher layer signaling instead of using the downlink
physical channel resource. This may be feasible since
the long term channel statistics should vary slowly.

At 360, depending on the slow power control command
from the base station, the UE adjusts its transmit power
accordingly. Note that the adaptation/adjustment rate is low
due to the nature of the channel statistics. The method ends at
370.

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled in the art to which this
invention pertains having the benefit of the teachings pre-
sented in the foregoing descriptions, the associated drawings,
and claims. Therefore, it is to be understood that the invention

8

3. The network element of claim 2, wherein the wireless
communication system employs an orthogonal multiple
access scheme.

4. The network element of claim 3, wherein the orthogonal
multiple access scheme is orthogonal frequency division mul-
tiple access (OFDMA).

5. A computer-readable medium encoded with one or more
sequences of instructions for slow uplink power control,
wherein execution of the one or more sequences of instruc-
tions by one or more processors causes the one or more
processors to perform the steps of:

measuring at least one uplink channel metric for at least

one user equipment from a plurality of user equipments;
filtering the at least one uplink channel metric over a plu-

is not to be limited to the specific embodiments disclosed and 15 rality of transmission instances to obtain a control met-
that modifications and other embodiments are intended to be ric;

included within the scope of the appended claims. Although determining a transmit power for at least one user equip-
specific terms are employed herein, they are used in a generic ment using a set of performance criteria, said determin-
and descriptive sense only and not for purposes of limitation. ing is based both upon the control metric and the set of
For example, although the disclosed method is described for 20 performance criteria; and

systems employing orthogonal multiple access schemes transmitting a power control command to at least one user
including those providing super-orthogonality, its application equipment using a downlink control channel shared
to systems employing non-orthogonal or quasi-orthogonal among multiple user equipments, wherein the transmis-
multiple access schemes should not be precluded. In this case, sion of the power control command to at least one user
the systems may opt to perform slow power control regardless 25 equipment is at a rate that is slower than a transmission

the potentially faster interference variation due to intra-cell
interference. That is, the system is only interested in control-
ling the long-term behavior of the total interference.

time interval (TTI).
6. The computer-readable medium of claim 5, wherein the
slow uplink power control is employed in a wireless commu-
nication system using an orthogonal multiple access scheme.

What is claimed is: 30 7. The computer-readable medium of claim 5, wherein the
1. A method for slow uplink power control of signal trans- orthogonal multiple access scheme is orthogonal frequency
missions from user equipments in communication systems, division multiple access (OFDMA).
said method comprising: 8. The method of claim 1, wherein the communication
measuring at least one uplink channel metric for at least system is an IEEE 802.16e system.
one user equipment from a plurality of user equipments; 35 9. The method of claim 1, wherein the communication
using a control metric derived from at least one uplink system is a WIMAX system.
channel metric for at least one user equipment; 10. T.he mgthod of claim 1, wherein the communication
determining a transmit power for at least one user equip- system is a WiBro system.
ment using at least one criterion, said determining is 11. User equipment comprising:
40  areceiver configured to receive a slow power control com-

based upon the control metric; and

transmitting a power control command to at least one user
equipment using a downlink control channel shared
among multiple user equipments, wherein the transmis-
sion of the power control command to at least one user
equipment is at a rate that is slower than a transmission
time interval (TTT).

2. A network element of a wireless communication system,
said network element is coupled to an uplink channel and said
network element configured to provide slow uplink power
control responding to a control metric that is derived from
filtering an uplink channel metric over a plurality of transmis-
sion instances and a set of performance criteria, wherein said
network element transmits a power control command to at
least one user equipment using a downlink control channel
shared among multiple user equipments, wherein the trans-
mission of the power control command to at least one user
equipment is at a rate that is slower than a transmission time
interval (TTI).

mand generated in accordance with claim 1; and

a processor for processing the slow power command.

12. The network element of claim 3, wherein the orthogo-
nal multiple access scheme is single-carrier orthogonal divi-
sion multiple access (SC-FDMA).

13. The computer-readable medium of claim 5, wherein the
orthogonal multiple access scheme is single-carrier orthogo-
nal division multiple access (SC-FDMA).

14. The method of claim 1, wherein the rate of the trans-
mission of the power control command is once every many
transmissions of the downlink shared control channel.

15. The method of claim 2, wherein the rate of the trans-
mission of the power control command is once every many
transmissions of the downlink shared control channel.

16. The method of claim 5, wherein the rate of the trans-
mission of the power control command is once every many
transmissions of the downlink shared control channel.

& ok ok & ok
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