[0001] WIRELESS COMMUNICATION METHOD AND APPARATUS
FOR PROVIDING HIGH SPEED DOWNLINK PACKET ACCESS
SERVICES [0002] FIELD OF THE INVENTION [0003] The present
invention generally relates to a wireless multi-cell communication system.
More particularly, the present invention relates to controlling the
transmission power used by base stations when providing high speed
downlink packet access (HSDPA) services. [0004] BACKGROUND
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lﬂeiease 5 of the UMTS frequency division duplex (FDD) and time division duplex
{TDD) modes have incorporated a feature called high speed downlink packet access
(HSDPA) for improving throughput, latency and spectral efficiency in the downlink
(DL). The principle of HSDPA is to schedule packet wansmissions on the air interface
to different mobiles as a function of their instantaneous experienced radio and service
conditions m a dynamic manner (1. e. , fast, every 2 ms in FDD or every 10 ms in
wideband TDD, for example). The key functionalities of HSDPA in both FDD and
TDD modes are (1) fast re- wransmissions (Hybrid ARQ) of DL packets receiveé. mn
error over the air interface (Uu), (ii) fast uwphink (UL) notification of DL packets
received in error (Acknowledgements/Negative Acknowledgements), (iii) fast channel
feedback in the UL on the DL channel state of a wireless transmt/recetve unit
(WTRU), and (iv) fat-pipe scheduling for efficiently servicing many users in the DL,
This functionality, i. e., the fast, dynamic HSDPA packet scheduler, is located in the
base station (1. €., the Node B) and operates in a rather autonomous manner from the

radio network controller (RNC).



(00061 The RNC in a UMTS network has responsibility for network control
and radio resource management (RRM). The RNC performs tasks such
as, for example, user admission control and interference management
using dynamic channel allocation (DCA) algorithms, and is thus key to
ensuring reliable system operation and maximizing system efficiency.
One measure of high efficiency is when the users are served or when the
overall throughput is achieved. [00071 In an. FDD system, the RNC

[odlberates areeRAC MUMIATOheRFEANAG r&9Ras IRtENE Y6 PLERRPA

data channels (HS-DSCHSs ch.cell rthermore, in the FDD
o e R R A v i o
exAtaplaYEET Bleisinrotaitohaeb inedehnss i ote (@& e 68msing Aymshid he
cHANKICORARICHIES) With:the-hascastatien xapting.thalihe spreading,

O%C%dggncggdbe used.for H DPAg%J mearzg of lub/lur si n,aline%and )
SUBeeGhenty pasees SBHtBIGH RREn ¢ n&é‘"ﬁﬁaﬁf‘iﬁ%ﬁ‘g{é fifes€Eodes
wheaHaasesaztienvele RINC taisovaotilits theBMERU Gyavedans of RRC
{ostgnaling regarding which: plwsicekobanpelsie:listen farthe HoDDA

ontrol channels, i.e., bj peed shared.control channels (HS-SCCHs),
cQ\(‘/iv@ﬁ’i cfr{f’)]:lr::t %rnu‘aar%euggﬁﬁp% 3o g}%ﬁ%ﬂs SR HIC I h SRR ViEHR Us of
Fypidemriord. dhséliebiR diblepathke EODREH S DSCHitkdavtheasaliie

cripiormstianis:se o theRNG:PPass.statian. suridlatihekase
statign is informed regarding which HS-SCCH channel a WTRU is to be
2 B BRI B PR Al TR b ess Pl WHRESh i hnRFRBfNEhe

cofigsensthtiosed s BRRANgependantihbdis kigaloimine hasecuentits own
pabkeDEMSF RS AL RSB BRSIIL HSRES dRia 1@ R FHCUAITRU.

[0Q08) In a TDD system, the RNC allocates a certain number of timeslots
Thar BN 181 shactifss dhs WEH P daganerpiiidssiensive comaydiv e adickell
physiesRNiEnceimtnUiziatdsrvwith HEDBaASeostabehn01ng thatihs Epseand
snERE ARG 05RO CERY ORI R AR YT RRIR OB SN

and subsequently passes control on when to send DL packets in these

to femicrilp aatifio WHE Ha < iheauivainfehnialakBlinpathetsthe ¥ HRU by
DS0ERNAISS, Rk GasignaliiehtRBartineghyiHih the RNC to base station, such
that the base station is informed regarding which HS-SCCH channel a WTRU is
to be alerted when HSDPA data is to be sent to the WTRU. Furthermore, the
base station acts on an independent basis to determine, based on its own HSDPA
scheduler, when to transmit HSDPA data to a particular WTRU.

[0008] In a TDD system, the RNC allocates a certain number of timeslots
(TSs) for the usage of HSDPA data channels (HS-DSCHs) to each cell. The RNC
communicates with the base station, noting that the T'Ss and spreading codes can
be used for HSDPA by means of Iub/Iur signaling, and subsequently passes
control on when to send DL packets in these TSs and codes to the base station.
The RNC also notifies the WTRU by means of RRC signaling regarding which
. physical channels to listen for the HSDPA control channels, (i.e., high speed
shared control channels (HS-SCCHs)), which in turn are used by the base station
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physical channels to listen for the HSDPA control channels, (i.e., high
speed shared control channels (HS-SCCHSs)), which in turn are used by
the base station -2 to dynamically notify WTRUSs of the arrival of
scheduled DL packets on its HS- DSCH. Also, the same information is
sent from the RNC to base station, such that the base station is informed
regarding which HS-SCCH channel a WTRU is to be alerted when
HSDPA data is to be sent to the WTRU. Furthermore, the base station
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limits is a key feature in a CDMA system operating with power-control.
Node B is signaled the PC dynamic range by the RNC in the form of a maximum

Tx power not to be exceeded and a minimum Tx power to be maintained because
the RNC must make complex decisions to enhance the system performance. For
example, a WIRU, requiring too much power, and thus frequently attaining the
upper limit of the allowed dynamic range, creates over-proportional interference
levels to other users in the system. The RNC may want to drop or to handover
this WTRU's connection. Therefore, tight RNC control of power limits while still
allowing autonomous base station operation within the established power limits
is a key feature in a COMA system operating with power-control.

{0011] For cominon channels of both TDD and ¥DD systems, tight control
over the possible power settings is essential to ensuring that adequate coverage
and service is available.

[0012] In R5, much more autonomy is given to the base station as
compared to R99 and R4. In particular, the HS-DSCH is scheduled and sent
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[0011] For common channels of both TDD and FDD systems, tight control
over the possible power settings is essential to ensuring that adequate
coverage and service is available. [0012) In R5, much more autonomy is
given to the base station as compared to R99 and R4. In particular, the
HS-DSCH is scheduled and sent -3 solely under Node B responsibility.
The RNO still retains semi-static control by signaling both the WTRU and
the base station with spreading codes and TSs, which are to be used for
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any given WTRU can be serviced. Another reason for the existence of such a
-control mechanisﬁz is that a certain amount of Node B DL Tx power needs to be
reserved for non-HSDPA channels, such as pilot channels, common control
channels or non-HSDPA DCHs.

[0014] A method and system for using an RNC control mechanism to
establish a maximum HSDPA power level for each cell to provide HSDPA
services does not exist for TDD. The only way to mitigate this at all is to dedicate
certain timeslots to HS-DSCH and others timeslots to the other existing services
(dedicated, shared, ete.). However, this does not allow the system to optimize the
resource/power use of the WIRU by minimizing the timeslots a WTRU needs for
handling the HS-DSCH channel along with the supporting channels (HS-SCCH

or associated dedicated channels), since these channels cannot exist in common
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[00141 A method and system for using an RNC control mechanism to
establish a maximum HSDPA power level for each cell to provide HSDPA
services does not exist for TDD. The only way to mitigate this at all is to
dedicate certain timeslots to HS-DSCH and others timeslots to the other
existing services (dedicated, shared, etc.). However, this does not allow
the system to optimize the resource/power use of the WTRU by
minimizing the timeslots a WTRU needs for handling the HS-DSCH
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dispdeketages eSbrit+SPANgendsas. The system includes a radio network
controller (RNC) in communication with a plurality of base stations. The
RNC sends a control signal to at least one base station having a plurality
of timeslots, e.g., in a time division duplex (TDD) system and/or frames

[0digluding transmission timirgMBARKE (TTIs), e.g., in a frequency
[0018] A method and wireless multi-cell communication system for

providing high speed downlink packet access (HSDPA) services. The system

includes a radio network controller (RNC) in communication with a plurality of
base stations. The RNC sends a control signal to at least one base station having
a plurality of timeslots, e.g., in a time division duplex (TDD) system and/or
frames including transmission timing intervals (TTIs), e.g., in a frequency
division duplex (FDD) system assigned thereto for the establishment of HSDPA
channels. The control signal indicates a maximum allowed HSDPA transmit
power for each of the timeslots and/or TTIs. The base station sends a feedback
signal to the RNC indicating the results of measurements of the power of the
transmitted HSDPA timeslots and/or TTIs during a predetermined time period.



division duplex (FDD) system assigned thereto for the establishment of
HSDPA channels. The control signal indicates a maximum allowed
HSDPA transmit power for each of the timeslots and/or TTIs. The base
station sends a feedback signal to the RNC indicating the results of
measurements of the power of the transmitted HSDPA timeslots and/or
TTIs during a predetermined time period. -5 [0019] BRIEF
DESCRIPTION OF THE DRAWING(S) [0020] A more detailed
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is impartant to_note _that the present invention may be implemented in any

of {jpwrd i kararagde IRthhieifsH system including TD-SCDMA and CDMA
2000. [0025] The communications link is typically established using a

100¥4PeB%TATLED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0026] The present invention will be described with reference to the
drawing figures wherein like numerals represents like elements.

i0027] Although the present invention has been described in conjunction
with TDD and FDD type wireless communication systems, it is important to note
that the present invention may be implemented in any iype of wireless
communication system including TD-SCDMA and CDMA 2000.

[0028} The communications link is typically established using a wireless
transmitfreceive unit (WTRU). A WTRU includes but is not limited to a user
equipment, mobile station, fixed or mobile subscriber unit, pager, or any other
type of device capable of operating in a wireless environment. These exemplary
types of wireless environments include, but are not limited to, wireless local ares
networks and public land mobile networks. The WIRUs described herein are
capable of operating in a time slotted mode or a frequency divided mode such as

TDD and FDD respectively. A "base station" includes but is not limited to a
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transmitlreceive unit (WTRU). A WTRU includes but is not limited to a
user equipment, mobile station, fixed or mobile subscriber unit, pager, or
any other type of device capable of operating in a wireless environment.
These exemplary types of wireless environments include, but are not
limited to, wireless local area networks and public land mobile networks.
The WTRUSs described herein are capable of operating in a time slotted
mode or a frequency divided mode such as TDD and FDD respectively. A

NodhaBessiationrinely desbupimo et biieddnda5.Nada B igite waaitller,
enachelgl%ﬁoint or other interfacing device in a wireless environment. [0029]
E@ure Shows a wireless multi-cell communication system 100 which
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indicating the results of measurements of the power of the transmitted
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possibility of HSDPA service.

[0030] In the system 100, the RNC 105 communicates with individual base
stations 110, 115, 120, and on a per timeslot basis control information on the
maximum allowed HSDPA TS transmit (Tx) power not to be exceeded for a base
station’s 110, 115, 120, individual HS-DSCH timeslots. The maximum alowed
HSDPA TS Tx power may be set to different values for different HSDPA TSsof a
particular cell. Also, if the same TS is enabled for HSDPA service in different
cells, different maximum allowed HSDPA TS Tx power levels are configurable for
the respective cells. For example, the cell 125 may not be allowed to exceed 5
dBm in TSy for its HSDPA service, whereas the cell 130 may not exceed 25 dBm
for its HSDPA service in this same TSy, :

0031} Figure 2A illustrates an exemplary HSDPA TS configuration 200
whereby various HSDPA power settings used by the RNC 105 for each of a
plurality of timeslots 205, (consisting of timeslots TSm, TSme1, TSms2, TOmes,
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station's 110, 115, 120, individual HS-DSCH timeslots. The maximum
allowed HSDPA TS Tx power may be set to different values for different
HSDPA TSs of a patrticular cell. Also, if the same TS is enabled for
HSDPA service in different cells, different maximum allowed HSDPA TS
Tx power levels are configurable for the respective cells. For example,
the cell 125 may not be allowed to exceed 5 dBm in TSm for its HSDPA
service, whereas the cell 130 may not exceed 25 dBm for its HSDPA
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240, cell 1 is for providing HSDPA service and cell 2 uses R99 channels
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Scenario 240 ensurss simultaneous support of non-HSDPA channels in the same

TS in neighboring cells.

[00386] The control information from the RNC 105 with these maximum
allowed HSDPA TS Tx power setfings to the cells 125, 130, 135, can be
communicated at setup of the HSDPA resource pool in the particular base station
110, 115, 120, along with the information of which T'Ss and spreading codes are
available to the base station for use with a HSDPA resource pool setup sent from
the RNC 105 to the base stations. It shall also be possible to adjust the value of
the maximum allowed HSDPA TS Tx power setting during the lifetime of the
HSDPA resource pool of a given base station.

[0037] The individual base station 110, 115, 120, can communicate to the
RNC 105 feedback information 1454, 145B, 145C, advantageously realized, but
not exclusively restricted to, in the form of measurements such as the effectively

transmitted HSDPA TS Tx power observed during a given time period, (for
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TS in neighboring cells. [0036] The control information from the RNC 105
with these maximum allowed HSDPA TS Tx power settings to the cells
125, 130, 135, can be communicated at setup of the HSDPA resource
pool in the particular base station 110, 115, 120, along with the
information of which TSs and spreading codes are available to the base
station for use with a HSDPA resource pool setup sent from the RNC 105
to the base stations. It shall also be possible to adjust the value of the
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[00a8;TunctionitRBack information 1454, 1458, 145C, sent from the base
stations 110, 115, 120, to the RNC 105 should ideally correspond to
- measurements on the effectively transmitted power on the sum of individual code
powers of all spreading codes in the same TS, averaged over a certain reporting
period. Other functionaﬂy equivalent measurements or feedback may also exist.
[0041] In an FDD system, the allowed power for HSDPA service in the DL
is settable by the RNC on a per cell basis only. There is no difference in “time
domain.” Thus, for a given FDD cell, the very same power setting applies for all
TTIs used to execute the HSDPA service.
[0042; Figure 2B illustrates an exemplary FDD HSDPA system
configuration 270 whereby various HSDPA power settings used by the RNC 105
for each of a plurality of frames (e.g., each 10 ms long) include five TTIs (T'TI; -
"TTTs), for each of a plurality of cells 125, 130, 135, each of the TTIs being 2 ms

long. The maximum possible radio frequency (RF) base station power level for



same in principle. [0040] The feedback information 145A, 145B, 145C,
sent from the base stations 110, 115, 120, to the RNC 105 should ideally
correspond to measurements on the effectively transmitted power on the
sum of individual code powers of all spreading codes in the same TS,
averaged over a certain reporting period. Other functionally equivalent
measurements or feedback may also exist. [0041] In an FDD system, the
allowed power for HSDPA service in the DL is settable by the RNC on a
capie cdk idohsispeciiye Tz depiotddier datedriitisnestinmais Ak @sofyr a
re&g&@ﬁ D cell, the very same power _setting applies forall TTls used to
nExecute the HSDPA service. [0042] Figure 2B illustrates an exemplary
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T T
contro] signal 1404, 140B, 140C, to at least one of the base stations 110, 115,
120, ihe at least one base station being associated with a plurality of timeslots
and the control signal 1404, 140B, 140C, indicating a maximum allowed HSDPA
- transmit power for each of the timeslots. In step 310, the at least one base
station 110, 115, 120, sends a feedback signal 1454, 1458, 145C to the RNC 105
indicating the results of measurements of the power of the transmitted HSDPA
timeslots during a predetermined time period.
{0048] The foregoing is a description of an exemplary embodiment of a
signaling system between the RNC 105 and base stations 110, 115, 120, using
the principles of the invention. While this invention has been particularly shown
and described with reference to preferred embodiments, it will be understood by
those skilled in the art that various changes in form and details may be made

therein without departing from the scope of the invention as described above.
# # &
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[0045] Figure 3 is a flow chart of a process 300 includingmethod steps
used by the system 100 to provide HSDPA services. In step 305, the
RNC 105 sends a control signal 140A, 140B, 1400, to at least one of the
base stations 110, 115, 120, the at least one base station being
associated with a plurality of timeslots and the control signal 140A, 140B,
140C, indicating a maximum allowed HSDPA transmit power for each of
é?ée gﬁgslots. In step 310, the at least one base station 110, 115, 120,

ﬁ S a feedback signal 145A, 145B, 145C to the RNC 105 indicating the
results of measurements of the power of the transmitted HSDPA
time-sjots dui %ﬁﬁ%@?@%m%@%m%ggﬂagw@% at18 foregoingrisa)
description of an exemplary embodiment of a signaling system between
HERNEOSBrIEREE S tions 110, 115, 120, using the principles of the

inventiessi WAdile dhis-inveniiombasiieen pastieularlyiskadwiisibedeserbed
with reference to preferred embodiments, it will be rst :
TGt R e e
HiEBin withoalsdepsrting frorilThE Scopesaithediventish 85 gedcibeghicd

ARONE: 10 GhAMS LuAsmsthadwiriovding:high.speed dawRlinksppa
packet access (HSDPA) services, the method com rlsm%: recelé\jl\lhr;ag}da
level

BRI RegFA e EHRYE rRmALRT RO WEE SOPACPRRCHIT o

for eachusharphyralifyedidtineistoisiatloeatedforthelesiblishmentof of the
HSDPA chapnels..wherein th I r.level of each
%?I\g%ra?géget%%%%? f%?%s%gsrég%?gﬁ c%%%%%%%? gvt\ﬁ/}gg\%rg(}({:eed a maximum
allowed HSDPA transmit power level indicated for the allocated timeslot

for thepparticyiar geibqanek tansmittingradeedhnck-signabindisatieadhas at
results of measurements of the power of the allocated timeslots during a
8fHined time period. 2. The method of claim 1 wherein the
predetermined time period is at least 100 ms.
3. The method of any one of claims 1 or 2 wherein the control signal
limits the allowed HSDPA transmit power level to ensure that there is sufficient

power reserved for non-HSDPA services,

4. A base station for providing high speed downlink packet access
(HSDPA) services, the base station comprising:

a receiver configured to receive aconfrol signal indicating a maximum
allowed HSDPA transmit power level for each of a plurality of timesiots aliocated for
the establishment of HSDPA channels, wherein the HSDPA transmit power level of
each allocated timeslot for a particular cell is not allowed to exceed a maximum
aliowed HSDPA transmit power level indicated for the allocated timeslot for the
particular cell; and

a transmitter configured to transmit a feedback signal indicating the results of
measurements of the power of the allocated timeslots during a predetermined time

period.
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3. The method of any one of claims 1 or 2 wherein the control signal limits
the allowed HSDPA transmit power level to ensure that there is sufficient
power reserved for non-HSDPA services. 4. A base station for providing
high speed downlink packet access (HSDPA) services, the base station
comprising: a receiver configured to receive a control signal indicating a
maximum allowed HSDPA transmit power level for each of a plurality of

timeslots allocated for the establishment of HSDPA channels, wherein the
HODPR ran BB RV AT cH P RTIEARS P LTIOEN S eafciar Bl

isasictléllowved to exceed a maximum allowed HSDPA transmit power
level indicated for the allocated timeslot for the particular cell; and a
transmitter configured to transmit a feedback signal indicating the results
of mefsurerbhisSIEAEROWER oTthe’ aiBerePlimebrra diriprgo! signal

predetermineddimenperiag:ail podheibasestationofielainad whereindhe

gredetermineg time g%(lis at least 1 00 ms. 6. The base station of any
he of cramis 4 o B Wheréin the control signal limits the allowed HSDPA

transmit power level to ensure that there is sufficient power reserved for

non-HSDPA sepUges. of - MEHI0M & IOWdPg:igh shead, downiiniye 4

packet access (HSDPA) services, the method comprising: transmitting a
eHTET Shgriat i CamRE SR aximum allowed HSDPA transmit power level

for eachefatphyralipheblimesiatsliaiosate ehiqithen establis MBBRROfansmit
HSDPA channels, wherejn the HSDPA transmit paower level of each

B e o e e BN P R S SR BE el or
HBwWed HeDPA  waersmitirowlSDBie Hiardivatepb ferr thevelll o€ atendh tishesitsd

{ardhe:narticylancell andiseceiving aifeedhack Signakngicaing thesppa

results of measurements of the , )

transmit power level indicated for the allocated timesiot for the particular cell; and
receiving a feedback signal indicating the results of measurements of the

power of the allocated timeslots during a predetermined time period.

8. The method of claim 7 wherein the predetermined time period is at

least 100 ms.

a. The method of any one of claims 7 or 8 wherein the control signal
himits the allowed HSDPA transmit power level to ensure that there is sufficient

power reserved for non-HSDPA services.

10. A radio network controller (RINC) for providing high speed downiink
packet access (HSDPA) services, the RNC comprising:

a transmitier configured to transmit acontrol signal indicating a maximum
allowed HSDPA transmit power level for each of a plurality of timeslots allocated for
the establishment of HSDPA channels, wherein the HSDPA transmit power level of
each allocated timeslot for a particular cell is not allowed t0 exceed & maximum
allowed HSDPA transmit power leve! indicated for the allocated timeslot for the

particular cell; and
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power of the allocated timeslots during a predetermined time period, 8.
The method of claim 7 wherein the predetermined time period is at least
100 ms. 9. The method of any one of claims 7 or 8 wherein the control
signal limits the allowed HSDPA transmit power level to ensure that there
is sufficient power reserved for non-HSDPA services. 10. A radio network
controller (RNC) for providing high speed downlink packet access

(HSDPA) services, the RNC comprising; a transmitter configured to
transrhiESE G SHFEF NSO & HaeC e vie PR kbR
pewerieve! o tachetadltrakiicafitimesisisallbrated fordthemined time
est lishment of HSDPA channels, wherein the HSDPA transmit power
level of each allocated timeslot for a particular cell is not allowed to
exceed a maximum allowed HSDPA transmit power level indicated for the
allocated timasletior sheaparticularselhapatddrarecaiver contguee e
8§eive a feedback signal indicating the results of measurements of the
{) W& of the allocated timeslots during a predetermined time period. 11.
The RNC of claim 10 wherein the predetermined time period is at least

100 ms, 12. FheRNC of any,pne:ofiglaims, 19 ar 1l wherein thecaniial;

signal limits the allowed HSDPA transmit power level to ensure that there
FEaistfRserito e ESTeRe raastel oRF SDP A ciitEstha ghere is sufficient

power reserved for non-HSDPA services.



