[0001] COMMON CONTROL CHANNIM UPLINK. POWER CONTROL
FOR ADAPTIVE MODULATION AND CODING TECHNIQUES [0002]
FIELD OF THE INVENTION [0003] The present invention relates to
wireless digital communication systems. More patrticularly, the present
invention is dlrected toa code dIVISIOI’l multiple access (CDMA)
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- [0006] One method for determining RF propagation conditions is to perform a physical
channel quality measurement at the receiver in advance of each frapsmission. This
measprement is sent to the transmitier, which then detenmines the appropriate

' modulafion and coding rate for the particular transmission based wpon the physical
channel quality measwrement.

{ODO7IRF propagation conditions can change rapidly, particularly for mobile
applications. Since the guality measurernent of the radio interface is used to determine
‘the appropriste modulation and coding, and since the channel quality measurement can
cﬁange rapidly due to the changing RF propagation conditions, the performance of the
adaptive iransmission process is directly related to the iime period (ie. latency)
between when & guality measurement is performed and when that transmission is
initiated. Therefore, for .apiima} AMEC, it is necessary to perform channel quality
measnrements with minimal lstency for all vsers with active date transmissions.



ffi eats with minfinal latency for all users with active data transmissions.
[0008] Physical or logical control channels are used to transfer channel
quality measurements from a receiver to a transmitter. Channel quality
signaling may utilize either dedicated control channels to each user
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between each transmission. These long idle periods result in an inefficient
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have recent channel quality measurements. [0011] When common
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between each transmission. These long idle periods result in an inefficient use of
dedicated resources.

{0010] The problem can be minimized with pre-configured periodic dedicated channel
allocations. But this results in periodic unavailability of quality measurements. If the
quality measurements are not countinuously available, for UEs which have
transmissions at any one point in time, only some portion of the UEs wili have recent
channel quality measurements.

[0011] When common control channels are used, a continuous signaling channel is
shared by ali UEs within a cell. In Third Generation-Time Division Duplex (3G
TDD) systems, the uplink common control channel typically occupies a single time
slot out of multiple time slots. Procedures are defined for each UE's access to the
common control channel and UE identities may be used to distinguish UE specific

transactions.
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TDD) systems, the uplink common control channel typically occupies a
single time slot out of multiple time slots. Procedures are defined for each
UE's access to the common control channel and UE identities may be
used to distinguish UE specific transactions. -2 [0012] To avoid
contention-based access to the uplink common control channel, individual
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the amount of interference in the channel; and a power

[0614] SUMMARY

[0014a] In accordance with a first aspect of the present invention, there 1s provided a
user equipment (UE), comprising: a reference channel receiver for receiving a
communication signal over a physical reference channel; a path loss calculation
device, responsive to the received communication signal, for calculating an
expected path loss; a signaling receiver for receiving an allocation of an uplink
control channel including the amount of interference in the channel; and a power
level calculation device, responsive to said path loss calculation device and said
signaling receiver, for determining an uplink power level based on said path loss
and said interference level, whereby an uplink control channel transmission is

initiated having the power level determined by said power level calculation device.

[0014b] In accordance with a second aspect of the present invention, there is provided
a user equipment (UE), comprising: a means for receiving a communication signal

over a physical reference channel; a means for calculating an expected path loss in
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level calculation device, responsive to said path loss calculation device

and said signaling receiver, for determining an uplink power level based

on said path loss and said interference level; whereby an uplink control
channel transmission is initiated having the power level determined by
said power level calculation device. [0014b] In accordance with a second
aspecicabttie predent twventdogtthe semal provdcke thrasaset repuripiientifd BY, an
comprising: a means for recejving a communjcation.signal. over a sical
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interference, and optionally, a quality margin for that timeslot The UE can
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SIRRD SN BIRSEALINYEINIRD . 4. 10018IFig. 18 is a simplified block

iagram of a user equipment of the present

{0016] BRIEF DESCRIPTION OF THE DRAWING(S)

[0017] Fig. 1A is a simplified block diagram of a base station of the present invention.
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invention. [0019] Fig. 1C is a simplified block diagram of an alternative
embodiment of a base station of the present invention. [0020] Fig. 2 is a
simplified block diagram illustrating one preferred embodiment of the
process of the common control channel uplink power control of the
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other like device which may include additional capabilities such as
BEGPE-mail and the like. [0025] The BS 12 comprises an antenna 24,
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interference measurement device 26, an uplink common control channel
PR¥EHISP28, a common control channel quality monitoring device 18, a
summing device 20 and a reference downlink channel spreading and
modulation device 14. The BS 12 receives communications over the radio
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channel receiver 28 through the isolator/switch 22. [0026] The inter erence

Yo Bksenuaawss poessabblivedemartsibranghettence on the uplink
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device %6 may measure interference signal code power (ISCP). T
Smstofetemesdrial radio access network (UTRAN) base station 12, (heremafter BS 12),

which communicates wirelessly over an RF link 25 to a UE 30, (shown in Fig. 1B).
The UE 30 may be a wireless cell phone, PDA or other iike device which may mnclude
additional capabilities such as paging, e-mail and the like.

[0025] The BS 12 comprises an antenna 24, (or multiple antennas), an isolator/switch
22 (or like device), a time slot interference measurement device 26, an uplink common
contro] channel receiver 28, a common control channel quality monitoring device 18,
a summing device 20 and a reference downlink channel spreading and modulation
device 14. The BS 12 receives communications over the radio link 25 viathe antenna
24. Received signals are coupled to the interference measurement device 26 and the
uplink common control channel receiver 28 through the isolator/switch 22.

[0026] The interference measurement device 26 measures time slot interference on the
uplink common control channel. For example, the interference measurement device

26 may measure interference signal code power (ISCP). The interference



-4 measurement device 26 provides an output (Ice), which is an indicator
of the amount of interference on the uplink common control channel.
[0027] The receiver 28, which maybe a matched filter, RAKE or like
device, receives and applies the signal in the uplink common control

channel to the channel qualjty (CQ) measuring device 18 for monitorin
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as the block error rate (BLER). Unlike the uplink interference level, the
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eliminated, as shown in Figure | C. [0029] Referring back to 1A, when not
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QM values are applied to first and second inputs of the summing device
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updated by the UE 30, the QM may be stored and the most recent QM is used.
[00630] The Icc and QM values are applied to first and second inputs of the summing
device 20. The output of the summing device 20 is input to the spreading and
modulation device 14. Although, the QM and the Icc may be combined by the
summing device 20 as shown, they may also be encoded into a single parameter,
further reducing downlink signaling overhead. As further alternative, the Icc may be
signaled separately, for example, on a broadcast channel. In that case, only the QM
will need to be signaled. The Icc and QM, if not combined or encoded into a single
parameter, may be separately mput into the spreading and modulation device 14 and
sent over separate downlink channels. The output from the spreading and modulation
device 14 is passed to the antenna 24 through the isolator/switch 22 for transmission

to the UE 30. The QM and Icc are signaled over ene or more downlink control



sent over separate downlink channels. The output from the spreading and
modulation device 14 is passed to the antenna 24 through the
isolator/switch 22 for transmission to the UE 30. The QM and Ice are
signaled over one or more downlink control -5 channels. The path loss
measurement, (which is performed by the LTE 30 as will be explained in
fu‘%‘i‘@? 't
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channels maybe used within the spirit and scope of the present invention.
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[0033] The reference channel receiver 36, receives and processes ome or more
reference channels in a manner that is well known to those of skill in the art.
Accordingly, such detail will not be included herein. The reference channel receiver
36 performs an estimate of the reference channel for data detection and provides the
power level of the received signal to the path loss calculation device 42. The path loss
calculation device 42 employs the power level to determine power loss in the
downlink transmission.

[0034] The QM and Icc information transmitted by the BS 12 are received by the
signaling receiver 48, which passés this information to the power level calculation
device 44. The power level calculation device 44 uses the outputs of the path loss

calculation device 42 and the signaling receiver 48 to determine a proper power level

for transmission to BS 12 as a function of path loss and interference in the RF link 25.
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calculation device 42 employs the power level to determine power loss in
the downlink transmission. [0034] The QM and icc information transmitted
by the BS 12 are received by the signaling receiver 48, which passes this
information to the power level calculation device 44. The power level
calculation device 44 uses the outputs of the path loss calculation device
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link 25. -6 [0035] The output 44a of the power level calculation device 44
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each frame comprising a plurality of time slots. Data to be
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deliedudistrigr thesmodidaiionenet oodingmatdats. teciiPen that(@ inter fpince

be descrlkéetd |gxggggt§a§ngsta¥l.herelnafter,égl%&g‘;gteg%%%

mieasuremen 4 previgls! 3 in determinin
RERLIFERENt 28 mesdired at i’ BS Y is “Signaledin owniinkin T mE

dcbaiodelefithenedoodiop reentdiheplinketrafamis shonw i [DB88E©OnNbed in greater
mhodiment of th od 10 of the present inyention is shown,in t .
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The UE 30 contipuously. calculate th.loss at step. S2. The BS 12
gt el

i e REOTH P hIE SRS Lpigfagn e
hasediandreesrussionsiiio mdite &) B KSnly, anadgs BQbe reference channel is
transmitted, with 2 power level known to the UE 30. The UE 30 continuously
calculates path loss at step S2. The BS 12 continuously measures uplink interference
on all time slots, at step S3, based on transmissions from the UEs, (only one UE 30
being shown in Fig. 2 for simplicity); and can also be based upon transmission from
other base stations, (only one BS 12 shown for simplicity).

[0039] The BS 12, at step S4, determines the need for an uplink common control
channel, for example: 1) an AM&C measurement report; or 2) Hybrid-Automatic
Repeat Reguest (H-ARQ) control information. This determination may optionally be
in response to the receipt of a data block. At step S5, the BS 12 allocates a specific
uplink common control channel, indicating the uplink interference level Icc in that
time slot. The BS 12 at step S6 signals the uplink common control channel to be
utilized and the uplink interference level (Icc) for the allocated channel. These
parameters are signaled over a downlink control channel. Note that the parameters of

the specific uplink contro] channel may be implicitly known.

-7



being shown in Fig. 2 for simplicity); and can also be based upon
transmission from other base stations, (only one BS 12 shown for
simplicity). [0039) The BS 12, at step S4, determines the need for an
uplink common control channel, for example: 1) an AM&C measurement
brid-Automatic Repeat Request (H-ARQ) control

report; or 2) H
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g [ f the method 20 of the.present inventian is. shown in Fig. 3
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S4in resgionse to receiving a data block; or may be independent

{SREGREH S woths fligwinerquatierived.
Tyg=PL+lec Equation (1)

where PL is the path loss; and Icc is the interference level for an uplink commeon
control channel éommunicaﬁou. The path loss (PL} may be calculated as follows:
PL=Tggr -Rye Equation (2)
where Tggr is the power of the reference signal at the BS 12 and Ry is the received
power at the UE 30 of the reference signal.
{0043] The UE 30 at step S8, initiates an uplink common control transmission at the
uplink transmit power level calculated using Equations 1 and 2; the transmission being
received by the BS 12, at step S9. '
{0044} When the QM is transmitted from the BS 12 to the UE 30 as shown in the
alternative method 20 of Fig. 3, the transmit power level of a UE (Tyg) may be
represented by the following equation:
Tyg=PL+QMtlce Equation (3)



[0042] Referring back to Fig. 2, the transmit power level of a LIE (Tue)
may be represented by the following equation: TTE = PL+Icc Equation (1)
where PL is the path loss; and Ice is the interference level for an uplink
common control channel communication. The path loss (PL) may be
calculated as follows: PL=TPTF -RLTE E‘le];ation (2y where TrsaF is the
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initiates an uplink common control transmission at the uplink transmit
alerdoler 23 {0l9%8 using Equations | and 2; the transmission being

received by the-BS 12rat step S9. [0044] When t@q@\q(jﬁ {sgnsmitted
from the BS 12 to the UE 30 as shown in the alternative method 20 of

rigers Tie dntherar poned thevelcsruce el ittheBSHE? radBueitdeesgogized
fodouring B vation EuBm Pk MElcc Equation (3) -8 where PL is the

ath loss; QM is the desired quality margin and Ice is the interference

aplorn@TgeTiiEsrRHBNIes At rehadviatessh mYs eatsrarTmeibads loshe
(RlabiRay upBrkalaidlalad asidoliush PleliREdin Bﬁ%ﬁgy%mé@agé%%ﬁmg

TRU is the power of the reference sighal at the BS 12 and RUE is'the
Fed&VedoBolpiansy thpliake iatetesinrm inagasisgaenioy sy Filblsrdsefite. UE.

RKERIER R IRAHREAN ANTASERAYSH A 15 AT B1A0%: RS ARRARNA ink
uplink interterence level can be specified in the allocation message, _
sesmiycifelphewniaerashon plieaesntines die 4 Mé&SSupbnicentyelvditabrd is
E‘}gg&deﬂ Bo. élig{’%?%"gﬁk\!&ﬁ‘ SANeRY (RS R URIPRGIG B B8s are
provided via the downli

perceived. Normally, in slotted systems employing similar open loop power control
mechanisms, interference must be reported for each siot for proper operation. Since
only one slot is used for the uplink common control channel and therefore only the
uplink interference for one slot has to be signaled, minimal overhead is introduced to
the downlink allocation signaling for the benefit of more efficient use of uplink radio
resources.

[0046] While the present invention has been described in terms of the preferred
embodiment, other variations which are within the scope of the invention as cutlined

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



common control channel or other means. Since the AM&C uplink control
channel is expected to exist in a single 3G TDD mode timeslot, still
further efficiencies are perceived. Normally, in slotted systems employing
similar open loop power control mechanisms, interference must be
reported for each slot for proper operation. Since only one slot is used for
the uplink common control channel and therefore only the uplink
interference for one slot has to be g inimal overhead is
introduced to the downlink allocation signaling for the benefit of more
efficient use of uplink radio resources. [0046] While the present invention

has been de@@rébﬂéqﬁiﬁﬁtmsmecﬂfﬁfﬁréﬁ% embodiment, other
vanatlonsfwhlch a e Wlt in the sc e of the invention as .outlined in }he

claimg Below Wil e apparreé:ﬁ 8t gsré: SHNEE A TREEERCRI bigna] gyer a
pRemerjuiimentd WEnmdmprising: a reference channel receiver for

receiving ggomgunicalnn sigpal Oaéoz%ephmfgdl{gf&ée%e channel 8o eq

path loss calculation device, responsive to the received communicafion

%?&H&P?&%QE@% £01 sxjsulaEnpIeRRSCadRsFIRRG receiver for
recelvmgxgmakkgcaﬁm\&fraﬁ)ﬂﬂbﬂ&ﬁﬁfgr@h GasURIdACHIUING $RGAMEsol

flnte nce in the channe and ower level calculation device,
Cre%?)l%)enslll\l/(i'e 5's é‘ %%goc culfaefp CSé}i}lgé %‘ % allng
receiver mw@eténvmhln@mlapmmk pewver, levedfrased-oncaididathdtssloss

andsaidintgrigrenggdevgly V@gxﬁgﬁxgr}é&%&cg@t 0&5{%@%} gmga%npg%lmk

transmission is initiated having'the power level determine

never datshaasreraviced pathress anek eaigrintevipreran el reference
channgheeeeiven RGIRIMEontrol channel transmission is initiated having the

power level determined by said power level calculation device.

2. The UE of claim I wherein said reference channel receiver performs
an estimate of the received communication for data detection and generates a
power level of the communication signal; and

said path loss calculation device uses said power level to calculate said

expected path loss.
3. The UE of claims 1 or 2 wherein said allocation of said uplink
channel includes a quality margin, whereby said quality margin is also used

to determine said uplink power level.

4. The UE of claim 3 whereby said interference ievel and said

quality margin are encoded into a single parameter.
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an estimate of the received communication for data detection and
generates a power level of the communication signal; and said path loss
calculation device uses said power level to calculate said expected path
loss. 3. The UE of claims | or 2 wherein said allocation of said uplink
channel includes a quality margin, whereby said quality margin is also
used to determine said uplink power level. 4. The UE of claim 3 whereby
said interference level and said quality margin are encoded into a single
paranieter. ThesUFhef Gl ofisldims43voh & whetdeingthdiguality giatgitiudes a

i -, S interf tio_target.that said uplink cqntrol
T A A il R S SR e o
EHERMESSIRN 55\FRBRSHT A IushiF YRargin of a previously received

communication signal is used by said power level calculation device if a

quality margip. i itted from apresently received communication signal.
7.A ugs'er egﬁ%men%%(t@% ,Oggngpgﬁé?ﬁlél:sa!}/r%oegr% rrertgcaeﬂ}fﬁ%tg margit of &
PEBYIPHEHIFate elpribaver agsivysiianadftruncd tuhamdaghoaverdansl for

BRICUAURAIR0 6XRESIGHNANIRS S N ECSPARSE FR1G JREENPTreceived

communication si Tal; means for receiving an allocation of an uplink
BT BNEAERRSIfRuding the amount of interference in the channel; and a
means for determining an uplink power level based on said path loss and

said i@_terfe;gﬂggr l@{&k}@léﬁ§&9ﬁiec59n %a}'igigga:th loss calculation device and

a means for receiving a communication signal over a physical reference
channel;

a means for calculating an expected path loss in response to the
recerved communication signal;

means for receiving an allocation of an uplink control channel including
the amount of interference in the channel; and

a means for determining an uplink power level based on said path loss
and said interference level in response to said path loss calculation device and
said signaling receiver;

whereby an upiink control channel transmission is initiated having the

power level determined by said means for determining,

8. The UE of claim 7 wherein said means for receiving
the commumication signal performs an estimate of the received communication
for data detection and generates a power level of the communication signal; and

said means for calculating the path loss uses said power level to

calculate said expected path loss.
9 The UE of claims 7 or 8 wherein said allocation of said

uplink channel includes a quality margin, whereby said quality margin is

also used to determine said uplink power level.

i1



said signaling receiver; whereby an uplink control channel transmission is
initiated having the power level determined by said means for
determining. 8. The UE of claim 7 wherein said means for receiving the
communication signal performs an estimate of the received
communication for data detection and generates a power level of the
communication signal; and said means for calculating the path loss uses
said power level to calculate said expected path loss. 9. The UE of claims
7 or 8lvherdirestid afictaitior? of saicbupstink ohanfeetind lees amiiadiy
qm&gj'nmw%%eﬁx S aLRIORRIEN IS, Alaadsed to determine said uplink
power level. 11 10. The UE of claim 9 whereby said interference level and
said quality margin are encoded into a single parameter. 11. The UE of
claim$9 or Thenliereifichampdlity margincindlides quslgnakiarinteterace

rafj rem% ' i trol,channel transmission is expected to
aacfgl}éa\?e.g)lfz . %g‘%%%%%%%?c%%egh%ﬁ% d ?cﬁ IJ}E \(/;v%nelfgllnc%a&é)giity margin
UEIPRENB USRS doctsiigisnication signal is used by said means for

determining if a quality margin is omitted from a presently received

comnwplca}lgg Ellgnoafl 'a:r%! one of claims 9 to 11 wherein a quality margin of
a previously received communication signal is used by said means for
determining if a quality margin is omitted from a presently received
communication signal.
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