REVERSE LI NK POAER CONTROL | N AN ORTHOGONAL SYSTEM

Caimof Priority under 35 U . S.C. $119 [0001] The
wEemsen37Appl i cation for Patent clains priori tRCT/0S2005/025803

Provi si onal Application No. 60/589, 823 entitled

"FH OFDVA Reverse-Li nk Power @ontrol™ filed July 20,

2004, and assigned to the assignee hereof and hereby

expressly incorporated by reference herei n. BACKGROUND

- i ol REVERSBLINKFOWERICONFROS IN AN
Tochn ques for dePRMICGONALSY ﬁ?ﬁ%' “ontrol

in an orthogonal comunication system Backgr ound

[0003] In Freque ing Orth I uency

Di vision Miltipl M@%m bandwi dt h
[eoogyenl ’EherrHSeﬁﬁAipplmaﬁoﬂ forEeRt clafmOpridiitg o6 Bfovmonal Apphcatlon
subcarriers. Each user i ven a nunber of th

Nob-694389i828 sentiflgd ﬁHﬁﬁ‘BW (Reesserlink Rowes Gen @?{b July 20,
t sgt aof e

08 and BRIGHICES ol alTeh MR BRShE Rl @%&med by

Adftrensdreseimd t hi n t he sanme sector or cell are

ort hogonal to each other and hence cause no

interference to each other. [0004] FH OFDVA is an

efficient nmultiplexing tgEchRiGROUNG high data rate

transm ssion over wreless channels. However, due to a

Wi de ¥ieldation in the recei ved Si gnal -t o-Noi se Ratio

i n.an FH OFDVA syste i s_highl .

&@L}ﬂn celthen gFaseRl; Biyention dple Feg"é‘e%]é(l ? ﬁ-XRER’é‘fm“e%“PB?’ and more
Sitcfidally &Y %chfqh@snﬁﬁ‘ &ﬁe‘nﬁﬁnn%bté%@&g Gink i %ﬁi‘r&%h% orthogonal

nmechani sm (e. g 'S ten used to help avoid
sommunweﬁtﬁn&yﬁ@ncy [0005] In addition, a closed-I|oop
power control is often enpl oyed to ensure that
sufficient SNR (i.e., SNRrequired to close the
quTuglag doflfa! i nk) is received at the base station.

ere 1S an I nherent tradeoff between nunber of
(00081 r arianFsgums—fkmpmged)rﬂngonai aFlsqmdncpoDmmmedﬂhltiplt Access

T(ﬁi'r(@gg}%%é eS%/SStferlflll bands\lvﬁt fgselvglﬁy E\gcrled mn ct) %nn%?ﬂber bt orthogonal sub-

carriers. Each user is given a number of these OFDM sub-carriers. In FH-OFDMA,

users will also be hopping (i.e., the subset of OFDM carriers assigned to each user
changes over time) across the whole bandwidth. All users within the same sector or cell
are orthogonal to each other and hence cause no interference to each other.

[0004] FH-OFDMA is an efficient multiplexing technique for high data rate
transmission over wireless channels. However, due to a wide variation in the received
Signal-to-Noise Ratio (SNR) in an FH-OFDMA system, it is highly resource-inefficient
to ensure a small packet error rate on every transmission. A packet retransmission
mechanism (e.g., H-ARQ) is often used to help avoid such inefficiency.

- {0005} In addition, a closed-loop power control is often employed to ensure that
sufficient SNR (i.e., SNR required to close the communication link) is received at the
base station. There is an inherent tradeoff between number of (re)transmissions allowed
and transmit power required for a successful transmission. For instance, by increasing
the transmit power level; the number of transmissions required for a successful

transmission can be decreased, which directly results in a higher data rate. Or, the
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reverse link power control further comprises determining whether a Received Power
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Over Thermal (RpOT) is less than a minimum Received Power Over Thermal
(RpOTrmin).

[0010] In an aspect, a method of reverse link power control further comprises issuing a
down command if the effective carrier-to-interference ratio (C/D) is not less than the
effective carrier-to-interference ratio for the setpoint (C/Is,) or the Received Power Over
Thermal (RpOT) is not less than the minimum Received Power Over Thermal
(RpOTmin).

[0011] In an aspect, a method of reverse link power control further comprises issuing a
up command if the effective carrier-to-interference ratio (C/I) is less than the effective
carrier-to-interference ratio for the setpoint (C/Ip) and the Received Power Over

Thermal (RpOT) is less than the minimum Received Power Over Thermal (RpOT pyin).
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[0017] In an aspect, a computer readable media embodying a method of reverse link
power control, the method comprises transmitting a packet, determining whether the
packet has been received without error, decreasing an effective carrier-to-interference
(C/T) setpoint if the packet has been received without error, and increasing the effective
C/1 setpoint if the packet has not been received without error.

[0018] Various aspects and embodiments of the invention are described in further

detail below.
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[0025] The techniques described herein for performance based rank prediction may be
used for various communication systems such as a Code Division Multiple Access
(CDMA) system, a Wideband CDMA (WCDMA) system, a direct sequence CDMA
(DS-CDMA) system, a Time Division Multiple Access (TDMA) system, a Frequency
Division Multiple Access (FDMA) system, a High Speed Downlink Packet Access
(HSDPA) system, an orthogonal frequency division multiplexing (OFDM)-based
system, an Orthogonal Frequency Division Multiple Access (OFDMA) system, a single-
input single-output (SISO) system, a multiple-input multiple-output (MIMO) system,
and so on.

[0026] OFDM is a multi-carrier modulation technique that effectively partitions the
overall system bandwidth into multiple (NF) orthogonal subbands. These subbands are
also referred to as tones, subcarriers, bins, and frequency channels. With OFDM, each
subband is associated with a respective subcarrier that may be modulated with data. Up
to NF modulation symbols may be transmitted on the NF subbands in each OFDM

symbol period. Prior to transmission, these modulation symbols are transformed to the
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[00865S PEFb} \eRaible, consider a best-effort application, where a packet error is
declared only when a packet has not been received correctly after the maximum number
of transmissions allowed is reached. A Packet-Error-Rate-based (PER-based) power
control algorithm attempts to minimize the transmit power while trying to maintain the
target packet error rate. As the maximum number of transmissions allowed increases,
the required transmit power decreases (assuming the packet size remains the same).
Although the users transmit power has decreased, throughput has also decreased.

[0031] Interestingly, in a CDMA system, although each individual user’s
throughput decreases, the sector throughput can remain unchanged (or may even
increase), as more users are added to the system (recall that in a CDMA system, less

interference leads to higher number of supportable users). Unfortunately, systems that
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[0035] This algorithm is designed to work well for both best-effort traffic (e.g., fip,
download, etc.) and latency-sensitive Constant Bit Rate (CBR) traffic (e.g., voice,
multimedia, etc.). For best-effort traffic, the proposed algorithm mitigates the problem
of rate loss due to coupling between power control and H-ARQ.‘ For latency-sensitive
CBR traffic, the proposed power control algorithm attempts to minimize the user’s
transmit power while still satisfying the packet error rate and latency constraint. The
same underlying power control algorithm and interface can be used for both best-effort

and latency-sensitive CBR traffic.
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psmpumru braletecting Heatgpaskets rare rn@awdobutt ple sERaCe. These mlssmg

E%gatgqgg%ﬁ?\égteitgé ?n::]oﬁlga?ed LQ %gglgekl?r% Utl\fflsmhé) 21?1' %&Sa can only be

er I or
oaedat once e medigshckerrinahd he}QuelﬁﬁCleldﬁeodéﬂ correctly at the receiver. In

gsiglgc%nggnm?ps"tle(? r;Ecke%sh %I(?p%teg rp_alcl((:)ect)sp anrrg%aglgetts gl?thugx%%gsnge latency are
declared as packet errors and the outer loop dynamically adjusts the effective C/I
setpoint to maintain the packet error rate at a target value. By choosing the step sizes in
adjusting the effective C/I setpoint properly, the target PER can be controlled to a
desired value.

[0041] In step 202, a check is made to determine whether the setpoint is to be
updated. If not, then the flow of control goes back to step 202 on the next iteration. If

the setpoint is to be updated, then the flow of control proceeds to step 204.



every packet arrival instance. [0038] A packet is
considered in error if it has not been successfully
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R,OB&id & NOTiRax)| '91964% ce'i\;édslip?%r %R/%g Tﬁ%r%‘??z %lg&'l;t igggglpqd as the

to determ ne whether e setpolnt i

198p betwasn thmmcbﬂvw\/slgﬁafllqmwer ¢P) griethemat kolse éNB)e pl(‘jl?eoi%g&nloop of

iteration. If t setpoint .is to be updated,

‘%‘Eg’ﬁ Hﬁ%“ ?‘ltg%ﬁ‘&? nEs ?%‘Fgﬁwb@@ﬁf%ves@/é BudBAOT tgets.

[0047t ep S20¢bints (CUAGKRSTHRIE OO, | e i
her e és a paclget gej’rrﬁc’gr. 't ptOEgrxzg{egfsg;ogbggggéw%r%tr?uahty°f
weke (QeSxyssty mry baetdifferept Bp@&ais i cosdtiemt? 06pdates are also user

gwise, the flow of control proceeds to step 208.
0043] In step 206, a check is made to determ ne

[0Pd8]her RgOPas kad R OTH,SGinte. ddtérmiiha mekﬁﬁgztos QESSSRRIF, . and

the.fl ow of control proceeds to ste 08 “and t'he
att (fae}é’ e8¢ equal to each otherP P

[0049] Although not reflected in the figures, when the RpOT limit (i.e., either
R,OTmin or R;OTmax ) is reached, the outer loop update is disabled in accordance with
an embodiment. This is to prevent the effective C/I setpoint from being incremented or
decremented indefinitely.

[0050] There are two benefits in incorporating R,OT into power control design.
First, since R,OT does not depend on interference power from other users, by regulating
the transmit power based on RyOT, the power control loop is inherently stable (i.e., no
indefinite power race between users). Second, by putting a constraint on the operating

range of R,OT, transmit power can be traded off for data rate.



setpoint is increased. Qtherw se, the flow of control

proceeds to step 210 and the effective C/|I setpoint is
wodeavEazed. [ 0044] The base station then i SSu®ETA$2005/025803

UP/ DOMNN power control conmand (e.g., 1 dB) using an

i nner | oop, as shown in Figurd 3. Figure 3 shows a
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user specific. [004 : m n and RpOTl1113x can be
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I h hey .. [ 0049]. Al t hough not L
PGS 97 e S, 28l ki B QP $on hpment iertion. 1
thetitnear 164pGH 66 be @daRATRER the)fldw of &AFBESrocidaE tcP%tE&ﬁoA. 00p
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fhoese staivnr 3f nadethegthe flow 6f conrohsrecddNo dgesogiot
. power from other users, by

d on jnterference ) _ _
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d f t te.[0051] W hout
PO ot ol B Tt e A o7 Ehrtfestecsi Faeien aimgethe base

dtitenfissves a DOWN command.

[0056] In an embodiment, a hysteresis function is added to the update functions of
the outer and inner loops 200, 300 of figures 2 and 3, respectively. The hysteresis
function helps prevent the system from getting into a limit cycle.

[0057] In an embodiment, a packet error automatically results in an UP command to
speed up the recovery (assuming, of course, that the R,OT constraint is not violated).
[0058] In an embodiment, when only a control channel is present, the outer loop is
disabled while continuing to execute the inner loop. When a data channel comes back,
the operation of the outer loop can seamlessly be resumed. Thus, same underlying
power control loop is used for both the control and data channels.

[0059] FIG. 4 shows a block diagram of an embodiment of a base station 110x and a

terminal 120x. On the reverse link, at terminal 120x, a transmit (TX) data processor



control loop may drive the transmt power to a very
low level, as it may be all that is needed to satisfy

wo b@edpscé f i ed packet error rate requirenment. ROT/8S2005/025803
| eads to a | ower throughput, as discussed previously.
By enforcing the operating rampge of RPOI, users can
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~the flow of control goes back to step 302 on the next
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[ogP) gﬁ gaqefstq@p,l Dkefhetreetsa kigk BEneldrm i?mwé detis fegeived by
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RS ESG o bl e Blablootfit pBFD BSream o
SinAs1eQ NAI demiiialatdt (DBEMOD)YBBE prodesdtd thd BaR shikiflel ko¥btain symbol

control proceeds to step 306 and the base station
pstionptes. aADCRA ¢ GiavhAda PTOEsHY 508 then prasessPnEag., denterleaves and

S, a t1,@0S
QHERHRD S, eV bl oPUONEER AGbIE gHRTRH T 1R R data
Proces36EALX dlsceperforrhb erabyre deteesorsarfd protvidentoledopsroliéred7Onhe status
the systemfromgetting into alimt cycle., [8057] I.n
aheasherdi ivd s dewprg 3eqdior BPW e coRtreb nbirg RIQFIsying &y detngdylator 558
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hﬁ)d)f The S}o’ceésyneg olfltae orvlvz(l)rgqinlkstransmission may be performed similarly to

that described above for the reverse link. The processing for reverse link and forward
link transmissions is typically specified by the system.

[0062] For reverse link power control, an SNR estimator 574 estimates the received
SNR for terminal 120x and provides the received SNR to a TPC generator 576. TPC
generator 576 also receives the target SNR and generates TPC commands for terminal
120x. The TPC commands are processed by a TX data processor 582, further processed
by a modulator 584, conditioned by a transmitter unit 586, routed through duplexer 554,
and transmitted via antenna 552 to terminal 120x.

[0063] At terminal 120x, the forward link signal from base station 110x is received by
antenna 518, routed through duplexer 516, conditioned and digitized by a receiver unit

540, processed by a demodulator 542, and further processed by an RX data processor



di sabl ed while continuing to execute the inner |oop.
When a data channel cones back, the operation of the

WO ous®1237©@0p can seanl essly be resumed. Thus, BEIES2005/025803
underlying power contrdl |loop js used for both the
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ey & i nk si gnal fromtermnal 120« is recel ved by

mﬁnmﬁa RPasRZdetE@iohehdt q&e@&f exer
provided to a recei vg%dﬁv?& Hﬁ‘% quﬁe lée% bgtein may be
581616@6%*@11 bydﬁsm(semgans fFot examsple, &Hﬁdeltéd}ﬁfque@ﬁﬁy be implemented in
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Y thegsiobd Kargm Sirdpare, btlallenneatatlon the
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%[1 Iﬁc es§ g(z 11; he da?j;wg?n%? Qeé to g%teg?%{ saé}%ol 0&"3{ GpRirak may be

ERERGS Withi ongor angse eprlipstion aﬁelﬂmategm:gn?&a%msms) digital
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RIQYI 0 a controller 570the status o

d
rlé:(r;%'FQngOI%Bgd SMISFPIORESTPTS, opth Pogtectrewiat wrots. deBigned to perform the

RhEEES deRUbEY heSHDG data processor
560 i s conpl enentary ?%Ilqélﬂ%ﬁ%r ggrggglxng performed by

I8866) Borop  Sftwase dmbierdattaanr ahe Sﬁml?‘iﬁkdfﬁﬁiﬁﬂé’gﬁ Ymay be

%@ e te-pﬁgg g:‘ﬁ@‘ﬁﬁ {]ﬁgg ;f’)‘fr 341{595[, rctwggmdbmoabﬁme pérdorm the
%dgﬁlmegacﬂbed héxgin. T'hlﬁe SURERS 8bdM rhAY bd SYRGESE 2 Ilngnlgor?'nu(%nt (e.g.,
memory unit 572 in FIG. 5) and executed by a processor (e.g., controller 570). The
memory unit may be implemented within the processor or external to the processor, in
which case it can be communicatively coupled to the processor via various means as is
known in the art.

[0067] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



link transm ssions is typically specified by the

system [0062] For reverse link power control, an SNR
W@si0b0et306 574 estimates the received SNR for PEr/Db108$/025803

120x and provides the received SNR to a TPC gener at or

576. TPC generator 576 al so receives the target SNR

and generates TPC commands for term nal 120x. The TPC
intandash trsbelimitpd tocthe smbodipnentsshowna harept ot dstodre asggrded the widest

: . YA ht.Lopned by a
{44k S8 R SRR i e TN R PfestBt BRI WLARES 7 3
WHATEStCEAIMED ISt enna 552 to termnal 120x. [0063]
At terminal 120x, the forward |ink signal from base
station HOx is received by antenna 518, routed through
dupl exer 516, conditioned and digitized by a receiver
unit 540, processed by a denodul ator 542, and further
processed by an RX data processor544 to obtain
recei ved TPC commands. A TPC processor 524 then
detects the received TPC commands to obtain TPC
deci sions, which are used to generate a transmt power
adj ustment control. Mdul ator 512 receives the control
from TPC processor 524 and adjusts the transmt power
for the reverse link transm ssion. Forward |ink power
control may be achieved in a simlar manner. [0064]
Controllers 520 and 570 direct the operations of
various processing units within termnal 120x and base
station HOx, respectively. Controller 520 and 570 may
al so performvarious functions for erasure detection
and power control for the forward |link and reverse
link. For exanple, each controller may inplenent the
SNR estimator, TPC generator, and target SNR
adjustnent unit for its link. Controller 570 and RX
data processor 560 may al so i npl ement processes 200
and 300 in FIGS. 2 and 3. Menory units 522 and 572
store data and program codes for controllers 520 and
570, respectively. [0065] The erasure detection and
power control techni ques described herein nay be
i mpl ement ed by vari ous neans. For exanple, these
techni ques may be inplenented in hardware, software,
or a conbination thereof. For a hardware
i mpl enentation, the processing units used to perform
erasure detection and/ or power control may be
i mpl emented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
pr ogr ammabl e :



| ogi ¢ devices (PLDs), field programmabl e gate arrays

(FPGAs), processors, controllers, mcro-controllers,
wonvsnoprecessors, other electronic units desi BOB@S205/025803

performthe functions described herein, or a

conbi nation thereof. [0066] For a software

i mpl ementation, the techni@gpagmsscri bed herein may be

i mpl enmented with nodul es (e.g., procedures, functions,

and shb on)Atnethodefitoerse hilepdwerecbniosls cammisinded

her ei n. Th?. software codes may be stored in a nenory

uni t FRSPUtINEAPACKEL nit 572 in FIG 5) and executed by
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may be inplenrented within the processor or external to

t he pdescessimgran eiieciive darmeade-interferancen€C/Bosatpmntc Ht the glagket has

ﬁoupl e‘flet%vi he g‘%orces or via various neans as is known
??ntrﬁceevaldt.htoﬂ'}b_ ?’ﬁ _previous description of the

di scl pspdsiagiaaddfiye O/Bselfoditiifl 6@ faekarnabh6t Béty rb&ivednwithout
skilled in the art to make or use the present

fii@¥ent i on. Various nodifications to these enbodi nents
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
appl i 2d t oThd¢ imethodwif oldime nevbereint hout departing from

the spirit. or scope of the invention. Thus, the .
pr ese FLeTTHRR Wgﬁt?‘Frs ﬂ?‘ﬁ)tﬂaﬂf"é ﬁ’_t?éd{’?eé‘ Beé’qvieari WEE"‘F o einvolves
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w dest Scope consistent with the principles and novel
features disclosed herein. WHAT IS CLAI MED | S: CLAI M5

1. A gethod of reverse.|li ower control, conprising:
trans 'ttiﬂﬁegleg‘gél?gf&%ggﬁ? 'O RABE her the packet

has bggnfifmgiavigativd RHbwRASAELt (RATICpSEsdgd Tor data packets not
effective carrier-to-interference (C/'1) setpoint if
taeeivpdcket has been received without error; and

increasing the effective C I setpoint if the packet

has not been received without error. 2. The nethod of

cl ai M1, wiihe micthodeff elaith 3ifughesteotmpeisinghe packet has

been recei ved wi thout error involves determ ning.that

t her eTq@nsfBitinecRUd datar Backel gof Hﬁ‘t‘el‘quemp%RQ@“‘F%g’Hgtsa‘d NACK
Hie§s%§£hg- 3. The method of claim2 further conprising :

5. The method of claim 3, wherein said data packets are transmitted over

one or more time slots.

6. The method of claim 1, further comprising determining whether a
Received Power Over Thermal (RpOT) is greater than a maximum Received Power

Over Thermal (RpOT max).

7. The method of claim 6, wherein the Received Power Over Thermal

(RpOT) is the ratio between the received signal power and thermal noise.



transmtting a negative acknow edgnment (NACK) nessages
for data packets not received. 4. The nethod of claim

wa@2dogi1dses conprising: retransmtting said datBCPESi0e/625803
not received in accordance wil#h sai d NACK messages. 5.
The method of claim3, wherein said data packets are

trans tt ove n I re time slots . met hod

of o1l m 111 TERE P i SR FOTGF RIS A CRER cmand if
R(Me@ BoweiteiMah thEEIOE, Or) is greater than a

trBrgx?rrum Ilfleecel vtgd POV\EMQ/er gl'lsgrrrzal (R?)OT X) . 7. The

met hod of claim®6, wherein the Recei ved Power Over

Th I . d
et (R O g6, BEHUP Sk cigbtfta yigoer o

fectivié tdfwﬂerctermferférenge iafoi (©In idowss cthafand éffectihe carner-to-
Or is not fgreater than the RpOInBx. 9. The net hod of

intesferange ratig fprbe SEtBPr‘;S‘F((%/FSP?g det ermi ni ng whet her an

effective carrier-to-interference ratio (C/l) is |less

than an effective carrier-tointerference ratio for the

set pol(ht (Tdd spethad 00. cldite ettt ocﬁmmﬁsimgncﬁtermirﬁmgm)vhether a

AR B g e R D S e ver
ﬂ{e@ﬁlaﬂ'dmmm)(RpOTm n). 11. The nmethod of claim 10,
further conprising issuing a down command if the

effective carrier-to- |nterference ratio (C/'1) is not

| ess than emg f(?é}‘f: %‘iﬁr %Lpgrtls%l%r euchdra Ic%mmand if

for t po n ower

fﬁb effieetive( &ﬁﬂi}tohﬁteﬁetenbe Eatiot (IQHI) it et NasH ItlmmnﬂhRQﬂEbM%dcamer-to-
ower Over  Ther mal 1515 12. The met hod of cl
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ant ectlve carrier- t0|nter erenc atio for
the set p0| nt (C/lIsp) and the Received Power Over

Ther (RpOT) js.less.th m ni num Recei ved Power

Oror Thet nle PRiSB E g [0 St oy g 1STni & Hp pormmand if
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13.  The method of claim 1, wherein the steps of

determining whether the packet has been received without error;

decreasing an effective carrier-to-interference (C/I) setpoint if the packet has
been received without error; and

increasing the effective C/I setpoint if the packet has not been received without

error comprise an outer loop power control.

14.  The method of claim 13, wherein the outer loop power control is
disabled if the Received Power Over Thermal (RpOT) is less than or equal to the

minimum Received Power Over Thermal (RpOT ).
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19.  The wireless communications device claim 18, further comprising

issuing a down command if the RpOT is not greater than the RpOTax.

20. A processor programmed to execute a method of estimating interference
in a wireless communication system, the method comprising:

transmitting a packet;

determining whether the packet has been received without error;

decreasing an effective carrier-to-interference (C/I) setpoint if the packet has
been received without error; and

increasing the effective C/I setpoint if the packet has not been received without

CITOoT.
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24.  The computer readable media of claim 23, embodying a method of
reverse link power control, the method further comprising determining whether a
Received Power Over Thermal (RpOT) is greater than a maximum Received Power

Over Thermal (RpOT max).

25.  The computer readable media of claim 24, embodying a method of
reverse link power control, the method further comprising issuing a down command if

the RpOT is not greater than the RpOT ay.



