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(57) Abstract: A system and related method tor increasing or decreasing the range of a pico cell station. The system and method de-
termine triggers for dynamic range change, measure operational conditions and make a change reactive to operational conditions.
Range increase may he implemented to address a coverage hole, Range decrease may be implemented to address holdover attempts.
Range changes are implemented by changing tra&smisslon power, reference signal received power and/or ceil reseiection thresholds.
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DOWNLINK POWER MANAGEMENT

BACKOROUND OF THE INVENTION

i Field of the Invention,
[OOU1] The present Invention relates In general to madio commundiontion systems fur wireless

networks., The present disclosure relates fo sonmmumtioation networks ncluding a plucality of
ploo cells, Speeitieslly, aspects of the present disclosure relate 1o the management of pleo oell

sonununication.

2 Desoription of the Prior Art

{02 Heterogenenus networks combine macro and pivo base stations within 2 wireless
commanication systemn, I genergl, locsting several ploo base stations within the call coverage of
2 maero base statlon will Inorsgse the capaoity of the network. However, mnterference betwean the

macto sid pioo huse stations most be mansged. Maoro deploymens require Radio Frequeney site
planming and post deplovment optirsization o transodt power, provide antenng s and aximuaths
and the like. Such operstions are difficult to scals as the number of small colls frerease, Pien
suvironnungs oan alse vary significuetly based on Mucro-Piow carvier chowes, doployment
{ontdoor, indaort and wser densities. Basic paramsters relating to coll ze and coverage need to
be deferntived dynamically o muke small cell deplovments sasier and soalable. Accordingly,
what is needed is 2 better way o manage pico environments, The preserst invention provides fov

such capability

SUMMARY OF THE INV,

TOO03] The presert nvention is 8 aystom and rolated method fr muanaging transmissions wnong
a pluratity of piee cells tn & communication suvironment. The system and method are configured

to react dymanically 1o nocessary chunges by signal strongth deployment based on whather there
is & need to incrmase the range of wansndssion/reception o deorease the mnge of
ransmissionfreveption, Those situgtions for which range tncrease 1o needed nchude & coverage
hole for adjacent plo coils and for mscro and pleo cells that are adjacent 1o one suoiher, and
when 8 maero adiseent 1o a pion has & strong signal that st be dstingnished Bor ocal User

Devices (LUEL Those situations for which range decrease s nopded tnclude when there s a

ot
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desire for mintmal adiscent ploo vells fo interfors with one another aad It a macre-ploo interfiee
when the pioo cell signal muy terfere with the maero gall signal.

3

JOO04T In those situations i which 2 range Increase iy desired, the system of the invention is

=

configired to fncrease one or wove of signal ransmission power (Fix},, Referanced Signal
Received Power (RARPY and Cell resglection thresholds {REY. That either Improves overall
coverags or madupes macro~pion Interference. In those situations in which a rangs devrease is
destred, the systens i3 confignred to deprease one ¢ more of Pix, RERP and RE. Such reduction
o reduce interfersnve and Handover {HO) attexapts. This is sceomplished by defining triggers
based on measured conditions assockated with any of coverage holes, hot spot imerferenve, pico
size optimization, and coll spillover, Based on the defined friggors, an inorease or & decrease is
nitiated. These and other advaniages will bevome spparerd ppon review of the following

formution.

RRIEF DESCRIPTION OF THE DRAWINGS

[O003] FIGL T s & representation of a pico cell antenny tower adiscont fo @ macra coll anterna
oWy,

[Q006] FIG. 2 is a representation and description of sconarios i which pien coll range w
inereased o1 decroasad.

IOOTT FIG. 3 ix 8 How dlagram representing steps of the method for determaining plee ool range
TICPeAse oF deoTouse RS,

FO00R] FIGL 4 13 a Sow dagram ropresenting steps of the method for lmplementing pico cell
TRREY incresse oy decrease.

FO000T FIGL 8 is 1 desoripton of trigger conditions amd range mndification implementations.

(00108

Py
]

AL 6 s a continuation of FIG. § with addivionsd descriptions of trigger conditions and
range modification implenmatations.
H01H] FIGL 7 ix g Jeseription of mange Invrease and range decronse steps,

X

{0127 FIO. 8 i & desoription of the analysis of UL {nterference over thermal for U

e
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DETAILED DESCRIPTION OF THE INVENTION
{G013] The presot Invention s 8 system and related method for managing pleo cells in a signal
ransmission eovirenment. FIGS. 17 Mlusteaie and deacribe pioo coll arrsngements and
conditions for inttlatiog antonna fransmission and recoeption fonctioaality range increase or
decrense. The figures provide the detotled deseription of the invention in which Inggers are
defined, conditions of operation are measured and an increase or a decrease of ove or more of
Pex, RARP, REs is mplomented for operations] haprovensents based on meastreniants carded
ouf. The drawings Rurther show and deseribe spocifio ways of conducting a review and carrying
out one oF more inplamentations of dyramically carrving out range changes and regetive sctions,
{0141 With reforence to FIGL S, the deteotion of the Ubs for implementation can be described
®  Mpassorement of avg. PUSCH b1 > feT Thresh fn UL silence tervals
2 Avg, PUSCH o7 > foT Thresh
* Varignee sud Avg Peak PUSCH ot
*  Details in the next shde.
= Bazed on dotecting acighbor cell PRACH attempiy
* Npacsen > X {per hour)
* Praci ome ™ (Prx_Preamble-PO_Preambleg - {PO Proarablog PO Preamblens

s i} RASH Ot £ RACH Dby Thaosh

00131 While usteative embodiments have been disclossd and discussed, one skilled in the
redevant art will sppreciate that additional or alternative smbodiments may be implemented
Ashin the spirit and soope of the present discloswrs, Addittonally, although mwany suxbodiniets
berve heers indioated as ilustzative, one skilled in the relevant art will appweciate that the
Hnstrative embodimends do nol need to be combined or implomented fogether, As such, soms
Hnstraiive embodineats do et need © be utilived oy implemented dn sccordancs with the swops
of varistivns o the prosens disclosure.
100161 Conditional language, such s, among others, “oan,” Yeould,” “mighd,” or “may,” unlesy
specifically stated otherwias, or stherwdse understood within the context as ased, 18 generally

iended o convey that certain smbodiments toelude, w hile other smbodiments do not melnde,
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certain foatures, eloments or sieps, Thus, such vonditional language Is not generally intended
aply that foatures, cloments or stops are n auy way reguired for one or more sbodiments or
that one or move evabodiments nocossarily include logie for deckding, with or without user Input
or prompting, whether these features, eloments or steps are included or are 1 be performea i
any particnlar embodiment. Moreover, unless spreifically stated ctharwise, or therwise
andarstoond within the contest as used, Is gersrally infended fo convey wtilization of the
conjunction “or’” in enumerating a Hst of clements does not Himit the selectien of only & single
sloment and can inclade the combination of twn or more elemeants.
W7 Any provess descriptions, slements, or bloeks i the flow diagrams desertbed herein
andfor depicted in the sttached figures should be nnderstead as potontially represanting maodales,
segments, or portions of codde which include one or mory exempable nstructions for
implomensing speeifie logies! fnctions or sleps w the provess, Allsraste inplemantations are
ncluded within the scope of the snbodiments deseribed herein o sehich eloments or finctions
may be deleted, executed oal of order from that shown or discussed, nclading substantially
cononrnently or i reverse order, depending on the finctionality involved, as would be anderstood
by those skilled in the art, It weill further be appreciated thet the dats anor componas
deseribed above may be stored on a computer-eeadable medine and louded into memory of the
povputing device using a deive mechadsm associated with & computer-readable medbun stosing
the compoier execuiable somponsns, sueh as 2 C-ROM, DVD-ROM, or setwork interface.
Further, the somponent andfor data van be ncladed in g single deviee or distribaed i1 any
maner. Accordingly, genemi prpose computing devices may be contigured to implement the
processes, Wgorithios and methodology of the present disclosure with the processing andfor
execution of the various data andior components deserihed above, Alternativedy, some or all of
the methods desoribed berein may sleratively be embodied in specialized computer hardware,
f addition, the componanss reforrad to herein may be hoplemented in hardware, sofbware,
firmyware or a combination therent,
018} It should be smphasized that mayy varistions and maodifications may bo wade 1o the
shove-deseribed embodiments, the olements of which are t be caderstoond as being anong othey
coeptable oxamples, All soch modifioationy and variations are intended o be included herein

within the seope of this dlselosure and protecied by te following clatms.

b
2
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WHAT S CLAMER X
A system for dynamically changing & range of a pleo cell, the system comprising a device

configured to determine trigger conditions, measure coll range status, and Intragse or decrease
coll operation based o the measured vell range status, wherstn the cell pperation inereased or

deorcased s selocied Bom Pix, RERP and RE.

2. The system of Claim 1 whereln the system i configured to increase the pivo cell vangs to
addrsss & coverage hole,

~

3. The system of Claim 1 wherein the systom is configured o deoronse the piee cell range o

2

acdeeas pioo spitlover,

4. A& method for dynsmnically changing & range of & pleo oell, the methed comprising the

determining Wigger conditiony;
measuring ool mange status and
fncreasing or deovessing cell operstion by Increasing or decreasing one or more of Pix,

BSEP ad RE



PCT/IB2014/001169

WO 2014/140907

1/8

FIG. 1

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/001169

WO 2014/140907

2/8

¢ 9id

S1dW3LLY OH S30NATY
SAIOHSIYHL NOILOT1ISIY 1130 dHSY Xid 35YIH03A

TOHSTYHL < TYNOIS O¥IVIN

0J1d NO JWIL NYNOroS MO AMLINOID 3N 3903 T130 HOH
Y3A0TdS 001d

. JONFYIFNALNI SIONAY

. SQI0HSTYHL NOILI3T3STY
1130 'd¥SY Xid 3SY3H03d

YNSIS A3HIND3Y <<TYNOIS 3903
. JOAHOI3N B TYNOIS 3903 00Id
3ZI1S 0Id TVWILJO

g JONVY
T 30Na3y
0L @33N
(10 % 70) 3ONIFHIINILNI
O¥OVIN-02id $30NQ3Y

3Y d¥SY Xid ISYIHONI "JOVHIA0D TIVYIAO SIAONIWI

v3yy 34 'd4SY Xid ISYIHONI

TYNOILIQaY NI 30 40 NOILO3L3a - Y34 TYNOILIQAY NI $30 40 NOILD3LAA

TYNOIS OHOVN HOSHOIIN ONOYLS * $3N 3903 1130 NOY4 TYNDIS HOBHOIAN HOOd

ALI9VdVD ¥04 03A0143a 091d 370H 39VHIN0D

JONVY
3SYIHONI
0L Q33N

0J1d-04ovIN

0014-00Id

OI4¥YN3IS LNJFNAOTd3A OL ONILIVIH ATIVIINYNAQ

SUBSTITUTE SHEET (RULE 26)



WO 2014/140907 PCT/IB2014/001169

3/8

RANGE
INITIALIZATION
™y TRIGGER
| CONSOLIDATION
MEASUREMENTS ]
Y
/ ORDER TRIGGERS
' TRIGGER BASED ON
DETERMINATION PRE-ASSIGNED
~ | PRIORITIES
Y
TRIGGER ¥
CONSOLIDATION IMPLEMENT ACTION
. ASSOCIATED WITH
y HIGHEST PRIORITY
TRIGGER
ACTION

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2014/140907 PCT/IB2014/001169

4/8

REVIEW
MECHANISM

Y

MEASURE
CELLEDGE
CHARACTERISTICS

Y

COMPARE WITH
CHARACTERISTICS
OBTAINED DURING

INITIALIZATION

\

ALERT WHEN UPDATED
CHARACTERISTICS ARE
LESS/GREATER THAN
INITIALIZATION

Y

UPDATE
CHARACTERISTICS
UPON REVIEW

FIG. 4

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/001169

WO 2014/140907

5/8

S 9Ol

N uonoy o) padde|y =
abeianod
03id [euofjippe 10} paau sajedlpul L ANV EL =

21| awn Joye SeInseaw (ol pue S1o0BLI jasay =
- ysaluly ) < saInseaujeloly ; siabblyy .
UONIPUOD =
s1a6bLy uswasou|
eale Buipuno.ns ui $3n JO uoyajeq =
S)uaLUAINSES) =
: Z1 1o6b1l] w
€11 awy Joye SHET[EIO}y pue SI9BBUI jos0y
Ysalulg| < SHE [elo}y ; SIaBBuyy .
UORIPUOD =
819661 Juswalou] g
ANV ¢0J0B|\ B JoqybiaN s| 2
v - S-86p33Ngugy =< N-90PeINgYsy )
SJUSWAINSES =
¢ Jobbu| w
0108} SE JOILED BWES UO JOdSIOH : € 9SED =

M uonoy o} paddejy «
djoy abelonod sajeoipul 21 ANV L1 =
N._.._. awi Joye wo._:wmmc‘_l_m“ouz pue w._mmm_‘zz 10S9Y =
Ysailylz) < SaInsesul[ejoly , siobbyy .
UONIPUOD) =
s1066U Jusweioy|
eale Buipunouns Ul $3N JO UoNIBBQ =
SJUSLIAINSEO|N =
ZL 1o6611] =
LL) awp Jaye SHETIEIONy pue SI9BBLN jas0y
Ysaly}y | < SHE™[elo}y s1abbuyy .
uonipuoy =
s1oB6U Juswasou] ¢
N-USSIUL4HSY > d¥SY 1730 HOGHOIAN T
aNvV - S-26P93Ngysy > N-90PeaNgysy ')
sjuswalnsesyy =
, || 10661l =
a|0H abeioan0) :Z 9 | 3SeD =

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/001169

WO 2014/140907

6/8

Q uonoy o) paddey =

abeianod
091d SAISSIXd Sajedlpul 91 ANV Gl =

91 awi soye SHET[EI0 pue S19BBUI josay
USalylg| < SHe[ejoly ; siabbuyy .
uonipuoy «
sJ9066u} Juswamou|
UsalY Lot uinofog> @Whuinolosan =
S)uSWIAINSEa «
gJ 1o661] =
GLJ awi Joye SHE[EIO}N pue 196U josay
UsalUig) < SHe™|ejoly ; s1abbuly .
_ uonIpuoy =
s1966L yuswalouy ¢
oJoe e sl ioqublaN 'z
ONY UAFN-USBIYL gy < N-9DPeaNgysy )
sjuswalnsesyy =
Gl JobbL] =
JoAO|jIds 0014 : G 9SE) =

9 'Old

@ uonoy 0} paddepy =
abBJoA0D 001d SAISSOOXD SIBJIPUI {| =
¥1 | awi Joye SHE[eI0y pue S1aBBUI jas0y
Ysaluly| « SHE[eIO}y emmm_:z .
uojipuoy) =
s1906ul Juswaiou| 7
XBN-N-USBIUL gysy
< N-IN4YSY ANy *EN-SUSBIULAYGY < SANJYSY )
SJUBIBINSEN =
1 JobbL| =
821G 001d lewndQ :  9SED =

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/001169

WO 2014/140907

7/8

sJa)unod Jabbuy e Jes|) : y deig =

199 Buinsas u) ;emodbig)e) siepdn

(Uly4 ‘NMOQd - xid)xew = xid =
9seaJo9p 8zIs |[9D : £ do)S - =

1130 Buinles Uy lemodbigial slepdn

(U gy ‘NMOQd - dHSH)Xew = dHSY =
asealnap yoeye [180 0=34 4l : Z dalg =

(sjj92 Joyjo Aq

pasn aq 0}) UINASTXY Mau Jo NOS AJlloN =

Y + UINASTXY = UINASTXY =

(0 ‘NMOQq - Fy)uiu = 3y =

ploysaiyi
UON9}9Sal [|80 9sealdaq : | dals

pJemumo( BulAOj : UOOY =

L "Old

slajunoo Jabbiy (e Jesp) : y dals =
(s1199 J8yjo Aq
pasn q 0}) UINASTXY MU Jo NOS AJioN
Y - UINASTXY = UINASTXY
(XeWgy ‘dNd + Fd)ui = 3y
uolsualx3
aBuey XBWYNSY = dYSY JI : £ dalg =
199 Buinias ul Jamodbigyel sjepdn =
(XeWgygy ‘diNd + duSH)uw = dYSY
| 9seaJoul
yoee |j80 XBUxjd =Xid J| : ¢ deiS =
199 Buinias ul 1amodbisel siepdn =
(XBllxd ‘dNd + Xiduwi =Xid =
aseaJoul 8zIs |80 : | daIS =
piemdn Buinop : UoOY =

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/001169

WO 2014/140907

8/8

8 '9Id
JONVH 001d JONVY 00Id mw(mmom_n_
3SVIHONI A181SSOd A181SSOd ¥0 d33x
Av L >
Y3uv VEL
vayv ONIANNOYHNS ONIANNOYANS YV
ONIONNOYHNS NI 3N 40 NI 3N 40 ONIONNOYHNS
NI S3n IV NOILOVY 3OHVT || NOILOVYY4 TIYINS NI 3N ON
# 3SY0 ‘£#35YD -C#3SVO }#38YD
AV A, ]
S3A
“¢si> )
£ INJWOW_~0ON
ON
“7SL>
¢ INJWOW S3A

"uonenyis 1ayjo auyi ut ybiy pue ‘Aeme ey aie
SN ([ UBYM MO| 3q |[IM UBSBW 8Y} pUB ‘MO
S| 8ouelieA 8y} ‘suopen)is asay) uj *(ybiy
A|1ea1dAy) 101pald o} pley si pue siojoe) Jayjo
Auew uo Juapuadap aq |jIM SSOUMBYS By |

"021d 8y} Jeau 1o
Aeme Jej ale s3 |je usym :suondsax3

eaJe Buipunolins Ul S3N 810w MO
eaJe Buipunolins ui s3n Jomay (YbIH .
(u

3l SaNJBA | 0] By} JO }SOW BIBYM S8}edIpUl)
SSBUMAYS auj} Uo paseq ‘|esausb u

‘(SSauMaYs) JusLLow pazipiepue)s

pIE PUE (80UBLIEA) JUSWOW [BJUSI puZ ‘(UESW) JUSWOW MEJ 5], (SONSHEIS

Jiun gp ul

‘0gy Jad (1 0]) [ewidy) JOA0 8ouasBLIBIUI M |129 02id JO 808} Bl JUSWSINSES w
Juswiainseaw | 0] HOSNd uo psseq ealy mc_bc:ot:m ul S3MN 40 uol}d8la(d

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - claims
	Page 7 - drawings
	Page 8 - drawings
	Page 9 - drawings
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings

