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(57) Abstract: In a cellular communication system, a coverage transition Is performed where a compensation service area is expan-
ded to cover an energy saving service area and the energy saving service area is deactivated The coverage transition is managed by
transferring user equipment devices (UE devices) from an energy saving service area to a transition service area that at least partially
overlaps with the energy saving service area. The UE devices may be transferred using a handover procedure between communica -
tion stations where each UE device is assigned communication frequencies for communication with the transition communication
station that are not used by the energy saving communication station or the compensation service area, thereby avoiding, or at least
minimizing, interference. After all UE devices are transferred from the energy saving service area, the communication stations are
configured to deactivate the energy saving service area and to expand the compensation service area to cover the energy saving ser -

vice area.
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DYNARMIC RADIQ COVERAGE AREA TRANSITION MANAGEMENT

PRIORITY
{B001]  The presont application daims priority to L3, Provisional Applisation No.
SHBOG1TY, entitled "Methads for Controlling Dynamic Radio Soverags Ares
Transitons” fled Aprll §, 2013, and fo U.S. Provisional Application No, 81/832,203,
aititied "Methads for M&a\agmg Transitions Between Cell Goverage Configurations” fled
May 10, 2013, assigned to the assignes hersof, and hereby exprassly oorporated by

raference.
FIELD

G002 This ipvantion generally relates o wirelass communications and more
particularly 1o apparatuses, systams, and methods for managing dynamic radio

coversgs area transitions,

BACKGROUND

{00031 Many wirsless communication systems employ trangceiver stations or radio
heads 1o provide sarvce within geographical service areas, whers the boundaries of &
sarvice area are determingd by the radio coverage of §s associsted transceiver station.
Wirsless service s provided Io user squipmaent (UIE) devices within gach sarvice area
These servics greas arg sometimes raferrad fo a3 “oally”. Although the term “cal?®
sometimes refars 1o the geographical area where multiple frequanaies are used,
inoreasingly the ferm “cell” is used {0 rfer o the geographica! service ares whare a

single uplink resourne and downlink resouros i used & communicats with the UR

davices, For exampls, where Time Division Duplex {TDD) s used, a singhe frequency
may be used for uplink and downlink at different timas within the "cell®. Whers

Fragquanay Diviston Dupls (FOD) s used, a single uplinkidowniink s’r@\:; LWENCY palr {one
wpink frequaney and one downlink frequenoy) s used within a “cell”. As discussed
harain, one or mare frequenoy resources ray be used in & ssrvios arsa. As a resull, 8

saevice arpa may be a cefl or may contain mudtiple cells. In ons common arrangsment,
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sach sanvice area is adjacent to sevaral other service areas in provide ubiquitous
coverage over & lrge geographicad area. The service areas may overlap slightly but

generally do not provide service within the same geographica! arsa. In many situations,

there may be an advaniage to dynaminally change the configuration of the service
areas, such as by selectively reduaing the size of some service areas while sxpanding

the size of one ovmore other service arsas to provide sarvics within the arsa previously
serviced by the service areas that were reduced. Such dynamin service ares

configuration changes may allow for mare sfficlent operation of the system, Far

..,

example, a service area with only a small number of UE devices may be raduced o
Jers m deactivating i3 sssociatad ransceivers and an adiaoent service area that is
wing several UE devices but has available capacity may be sxpanded {o provide
radic covarags for the UR devices previously contained I the reduced servics arma.
Theralora, a service grea thatis reducsd may be referred 1o as an energy ssving
service araa since the shergy consumed by s sssociated transceivers Is reducad or
gliminated and a service area that is reduced o zarm may bereferrad o as a
deactivated serviog ares. A sarvice arsa that s axpanded n cooperation with 3 service
area that is reduced may be reforred to as & compensation service area. UE davio
h&smg served by an anergy saving service ares may lose thelr connaction with the
network ¥ they ams not handed over tn another service area hofore the sarvins area i
deactivatad. ¥ the anergy saving service arss and the compensation service ares
operate on the same frequanay resources, UE devices being served by an energy
saving savvice arag may loss thelr connection with the network If the compensation
savica araa ik mepanded before the UE devices are handed over to another servics
arng because of e nterference betwaen the energy saving service ares and the
compensation servine arag. As discussed below, management techiiques are nesdsd

o control the dynamic coverage grea configuration fransitions.

SUMMARY

{R004] It a celivlar cormmunication system, a coverags ares configuration ransition

iz parformad where 8 compenasation communication stetion is configured o expand &
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compensation geographinal service area {oompensation service araa) to cover an
SNSTNY Saving geographinal servics mrea {energy saving sendes area) and an enengy
saving communication stalion is configured 1o deactivate the snergy zaving sarvice araa
guch thal the energy saving communication siation doss not provide wireless sarvice

e
¥
¥

withirs the snergy saving servics grea. The senvdce area configuration transition is
managed by transferring vser equipmeant devices (UE devices) from an energy saving

communteation station providing wirsless sendoe In the anergy saving service srea o &

&
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&

tranailion communicat & transition geugraphical service area
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Sransilion service aras) that at least partially overlaps with the anergy ssving

/"~

aographical service area. The UR devices may be ansferred using 8 handovar

©

procedurs whare sach UR device iz assigned cormunication frequencies Tor

corvmurtioation with the ransition communication station that are not used by the

compansation savvics areg, thersby avaiding, or at last minimizing, interferenoe

hetwearn these UE devices and the compeansation servios area as i is expanding, After
§UE davices are transferred from the snergy saving communication station, the

anargy saving communication station is configured {o deactivate the energy saving

geographingl sorvice area and the z:@m;:ze-n ation commmunicgtion station & configursd o
sxpand the compensation geographical servive ares 1o cover the anargy saving

geographical service area. For this procedurs, the compensation communication station

and the ransition communitcation station may be the same, such that UE devices may

e

ba fransfarred to the sams communication stetion that provides the compensation
servics area i this communination station operales frequency resources differant than
those used by the compensation service arsg and the ¢ nergy [aving service sres and

that cover tha anergy saving senvice ama.

SRIEF DESCRIPTION OF THE DRAWINGS

.

[ORG5]  FIG. 1A s an Bustration of geographical servios areas in a oefiular
cormurtcation systam whers coverage arsa ransitions are managed using a ansitio

'

guographical senvce area {(ransition servics areal
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{00081 FIG. 1B s a block diagram of an sxampls where the compensation
communication station and the ranstiion commurndeation station are formad by two radio

heads connecied o & single station coniroller.

[A0GT] FHR 10 ix an Hlustration of geographical service areas in & callular
communicstion system where the transition communivation station, the compensation
communivation station, and the anergy saving communication station are connecied

trough & backhaul

[GO08]  FIG 2 © an Hustration of & coverags ares configiuration tansition where the
SNERYY SaVIng senice arsa s deactivalad and the compensation servios area is
expanded o provide wirslass service within the geographical ragion of the energy

¥

aving sevins areg,
608} FiG. 3 incdludes Hlustrations of & ooverage areg transifion where the ransifion
service area covers 3 plurality of smatller service arsas and the compensation sarvice

ates is expandad o cover mors than one energy saving service ares.

0101 FIG 4 s an iustration of the ransition, sompansation, and energy saving
sarving areas with nalghbor service srass
fA011]  FIG 5 is a8 massage How disgram betwean the compensation communication

station, the enargy saving commurdoation station and other communication stations.

[012] PG, 8A s an dustration of coverage areas in 2 celiudar oornmunication
system where ooverage arma ransitions are managed using 8 transition service arsa
provided by the same communication stafion that provides the compensalion sewvins
B8,

013 FIG 6B & an Sustration of e colludar communication system where th

senpensstion station inclides & station controfler and two radio heads,

[OUH4] FIGL T s an Mustration of & coverags area configuration transition where the
SNRrgy saving servics area 108 s deactiveted and the compsnsation service area is

expandad {o provide wirgloss service within the geographica sarviee area of the energy

saving sarvice arga,
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DETAILED DESCRIPTION

[0018]  Dynamic coverage area cordiguration rarsitions ane managed using a
fransdion service arsa that overlaps with the snsrgy saving service area and operstes
an giffevent frequency resources than the energy saving service srea. Priorio
axpasnding the compeansation servios ares, UE devipes are tangferrad from the energy
saving communiogtion station providing the anergy saving service area o the fransition
communication station providing the fransition service area which uses different
corrsriunication resowrces (frequencies) than used by the energy saving service ares
ang the compeansation sawvice araa, After the UR dovices ars ansferad o the
transition cormmunication station, the snergy saving communication station i configurad
o deactivate the anargy saving service ares and the compensation communication

station is configured to expand the compeansation service ares fo oover the region

previously servicad by the enargy saving cormunioation station In the snergy saving
service arga. Al lesast some of the UE devines previously recelving service from the

Snergy saving cornutiogtion station in the snergy saving service area oan then be
frangferrad 1o the compensation communication station now providing the axpandsd

compansation senvios area,

[O016]  In iypleal implamentations, the ransition service ares is & relatively larger
gaographic sarvice grea providing wireless sarvice to UFE devicaes where the sssvice
arpa ncludes adaquale capacily to handle the UE devices transferred from the energy
saving service argas, For exampls, the fransition senvics gres may be provided t}y a
macronslt aNB having a service arsa af loast partially covering the ensrgy saving
satvioe. in anothar example, a compensation oNB may provide mudtiple servies areas
where one senvice areg overlaps with the energy saving service area, For such an
arrangemert, the f:e::smg)wm stinn aNB may includs multipls radio heads whare at least
ang radio head operates wirsless signals within the transition service ares at
frequancies diferent from the frequencies used by the energy saving service area and
the compansation sendce area. A tangfer of UE devices from the transition service arsa
o the compsnsation service avea, in this case, includes assigning an uplinkidownlink
ing the

frequancy palr used In the compensation service area and may inolve transferr
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UE device fram the radic haad providing the ransition service area to the radio head
providing the compensation senving ara. A single frequency may be assigned for the

upiink and downlink whers TRO s employed.

{0171 FIG. 1A s an Hlustration of geographical service areas in @ oollular
corymunication systam 100 where coverage ares configuration ransilons are managed
using s transition gesgraphical service area {fransition service area) 102,
Communication stations provide wireless service within 8 geographics! service areas
represanted by oroular areas. n iy;}igg inplemeantations of the catlidar communination
systen 10, sevarsl adigcant ransiion servine 8reas may cover largs areas where
sach transiion service ares ncludes several smaller service areas positioned adjacent
W each othar within the ransition service ama 102, In the Inferest of bravity and clanity,
however, FIG. 1A shows only two smslier cells 104, 106 within a single fransition
service area 102, The ciroular shapes roprasenting the senice arsas ganerally lusirate

the relationships batween tha arcas and do not necessarily depict the actual shapes of

~
3

the service argas. The coverags area ransion management techniques discussed with
refarence fo FIG. 18 may ba applied {0 numerous coverags area transition scenarios.
For example, severgl compmunication stations can be configured to deactivats several
ahargy saving service areas and a8 compensation oommunination station can he

\a

corfigived fo expand the compensation senvice area to cover the ES geographic

o9

arvice areas in accordance with the techniques discussed herein, Tha cells may have
any of several shapas and sizes.

[O0181  As noled shove, a fransition senvice arag 102 may be formed by any
communication siation providing a service arsa thal has adaguate resources o handle
UE devices transferred from the energy saving service area of an energy saving

may be a service area

f)»

corprriication siation. Although the transition servics arss

dedicated only for managing coverage area fransitions, most implamentations ncluds

/

H

uging a service area providing communication ssrvice o UE devicas and that has
adaquste capacily facilitate the dynamic coversge sras ansition.
B89 Forthe oxample of FIG, 1A, the transifion service area 102 covars 8

oompansation geographical service aven {compansation service areal 104 and an
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anergy saving geographical service area (B8 servics sraal 108, in some situations, the
transiion service area 108 may not cover alf of the compensation service area 104
andfor the €8 service arsa 108, For the axample, 3 ransition communication station
108 provides wirsless senvice in the ransition servins ares 102, & compeansation

sommurtication station 110 provides wireless service i the compensation senvice area

104 and aa snergy saving communication station (88 communication siation) 112

providas wireless service within the ES servine ares 108, Each communication stalion

§

108, 110, 114, which alsa may be referred (o as an aoness node, secess point, eNoded,

G
oNE, hase siafion, and sther ferms, includes g banscsiver and station controller, The
transcelver, of radio head, is typically collovated with the station controlier although, In
stine situstiong, the station controller may be physically separatsd from the radio head.
The radio head at least inoludes radio frequency (RF) banscaiver squipment such a8
antennas, fransmitiers, and meeivers, for ransimitling and receiving wireless signals.
Typically, radic heads do not ncluds higher level processing and control funcions
which are performsd by the associatad station cordrollar, Q&;}&;‘;déf\ o the particutar
implemeandation, the communication stalions of FIG. 1A may be & standalons
cornunication slation with @ dedivated siation controllar or may be formed with a radio
head and 2 station controlfer connected i ong or mors other radio heads. Inone
axgmpls, the compeansation communication station 110 i also the fransition
communiation station 108 whers the compansation communication station 108
provides the transition service area 102 using one sst of requencies and provides the
sompansation service grag 104 using another set of frequencies. Therefore, the
fransition communicalion station 108 is Hlustraled with dashed fines in FIG. 1A o
indiate that, in some situations, the ransiton communication station 108 may be part

of the compsansation communication station 114, As discussed below with raference it
FIG. 1B, & single station controller can be connscted to twa radio heads to form the

transifion corynunioation station 108 and the compansation communication station 110

[R020]  As discusssd heesin, a geographic service arsa {or servics arsa) s a

geographic region whare a UR device can adeguately communicste with g branscalver

praviding the wirsless sendce within the geographlo reglon, A geographic service area

may use & singls uplink/downlink frequency palr or may use multiple frequency palrg of
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may use diferant ime pericds to distinguish upiink/downlink signals on the same
frequancy resource. For Frequenay Division Duplex (FDDY, & “cell” Is offen used to
describe a geographic service area using 3 pariicular bandwidth {(such as 5 MH2) within
& single uplink/downlin® frequency band palr. Accordingly, the g .gm;&hie Ervics
ragions, as discussed hersin, may holude one cell where only & single frequenoy pair is
used or may include mulliphe cells where multiple frequency pairs are used. Fach
guographic service arga may be provided by one or mare radio heads whers multiple
racio heads may be connacted 10 8 single station contraller. In some sitlualions, for
example, each radio head provides service using & single frequancy palr resulting in
muitiple radio heads pro wwmg sarvice within the geographic senvics sres whers multipls
fraquency pairs are used within the service area. For Time Divigion Duples {TDDY, & osd
cait be desoribad as g gengraphin sarvice arga using & particudsr bandwidth within ong
franuanoy band and the uplink and downlink signals are gssigned different ims periods.

For TRD systems, geographicsl service areas may includs multiple cells. For the

@

disnussion hersln, 8 corprunication station includes the squipment and code to provid

¥

 single gervice area. Tharefore, g communivation station can be configurad to adiust

‘3)

the size and shape of s service arsa. This may include adiusting mulliple calls or may
nolude adiusting a single coll where 8 setvice ares smploys 8 single communicsation

resaures (8.4, 8 ﬁis@a uplinkidowndink frequency carrier pair),

b

[R831]  Since the lonalion, shape, and size of the service is determined af least in part
hy wivelgas ransmission and reception with the corynunication station, the service
area’s lonation is determined by the looation and operation of the radio head, Fach
comrunication station 108, 118, 118 provides wirsless communication sarvioes 1o
wiretass communication user equipment devices (UE devices) 114, 118, 118 within the
correspordding geographival service arga. Ssveral communication stations are typloalt
ntarannectad trough a backhsu! (not shown in FEG. 18) and 1o 8 netwark conteolis

{not showr It FIG, 1A rovids soveral servics sress 1o cover large areas. The
backhaul may include any cormbination of wired, optical, andior wireless communication
channals, For the examples harain, the nebwork controller includes the funclionality of

the Mabiity Managernant Endity (MME) and the Packet Gateway (PR,
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0221 A celiular communication system i typloally required 1o adhere to a
cormunication standard or spedcification. The communication speaificetion defines at
mast g data channst ard a conirol channs! for uplink and downlink ransmisgions and
specifies at loast some thming snd frequency paramelers for physical downlink contral
channels from o base slation {0 & wirsless communination device. The Third-Ceneration
Partnership Froject Long-Tarm Bvolution QGPP LTE) communication spacification 8 g
specification for sysfems where communication staions {eNodeRs) provide service to
wirgless communication devices (UE devices) using orthogonal fraguenay-division

g {OFDM) on the downiink and single-cartiar freguency-diviaion mufliple

%
£
!'4
"'Q,,
=
i

actess (SG-FDMAL on the uplink. Although the techninuas desoribed herain may be
other typeg of communicalion systems, the axamplary ¢

herein operate i accordance with a 3GPP LTE communication specification.

{00231 Therefure, for the examplss harely, the coversgs communication station 108
includes & wirnless ransoelver that tangmits downlink signals 122 to one or more UE
devineg 114 within the transition service area 102 It scoordanos with 30PP LTE and
recaivas uplink signals 120 from one oy more UE devices 114 within the transitio

setvice grea 108 in accordance with 3GPP LTE. The compeansation communication
station 11 noludes o wirsless transosiver that ransmits downlink signals 124 o one or
o UR devices 118 within the (:Omg.s@n%aiim service area 104 in accordancs with
AGPP LTE and raceives uplink signals 136 from one or mors UR devices 118 within the

compenzalion service sres 104, The anergy ssving communication station 112 includes
¥ ¥ Ll

Pe

X

55

% downlink signals 130 o ons ormors UE devics

£
S
5

& wirslass fransoniver that fransmi

18 within the energy saving service arsa 108 In accordancs with 3GFR LTE and
3

rpceives uplink signals 128 from one or more UE devices 118 within the energy saving

senvios gres 108 in sccordanns with 3GBP LTE,

(0024]  The UE devices 114, 118, 118 may be referrad to as moblle devices, wiraless
gevices, wirsless communication devices, and mobile wireless devices, and UEs, ag
well a3 by other terms, The wirsless comymunication devices includs slsclranios and
oods for @:{::ssm‘sméc:@iing with cormmurication slations {aNBs} and, in some cases, with

cther devices including other UE devices. The UE devices include devices such as call
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shanas, smart phones, personal dighs! assistants (PDAS), wirslass modem sards

visions with wirelass {:a;*gvmmm tion gisctonies, and hm}p and

z
%
£
7
i
oo
&
i
)
=
i
Pora
]
&
=

dosktop computers, s well as other devices. The combination of wirelass
corTunication slectronies with an elestronin devioe, therefore, may form o wireless
cormunication device, For axample, 8 wircless communivation device may includs a
wiretess madesr connectad to an appliiance, computer, or television,

[O025]  Although the compansation service area may slightly overlap the energy
saving service arag, the two aress in Fig. 14 use the same frequencies and, thersfare,

interfarencs may oconur where thera is significant overlap of the geographic senvioe

araas. A diffevend fraquancy from the frequencies used by the two smaller sress,
howsver, is used I provide service within the transition senvice araa 102, As 5 resul,
sommunicalion within the ransition service area does nol interfers with communication

within the compeansation service area or the energy saving ssrvios area.

{Ba28] PG IR is a block dlagram of an axample where the compensation
oommunication station 110 and the ransiion comsrundoation station 108 are formed hy
two radin heads 134, 136 connectad 1o the & single station controfles 132, The statio
controffer 132 establishes the transition service ares 102 by ansmitiing and s‘emwir;g;
signals though the radio head 134 and establishes the compensation sswvics arsa 104

by raramitling and receiving slgnals through the radio head 138,

[027] FIG, 10 is an Hlusivation of gengraphical service arsas in a cellular
sommunication system 180 where (he ransition communication station 108 s
connacted {0 the compansation corynunication station 110 through @ backhad 182,
Therafors, for the sxampls of FIG. 10, the ransition communicstion sistion 108 s a
saparate and distinet davies from the compensation communicalion sfation 110, Such
an grrangement may ocour, for example, where the transition communication sfation
108 Is 8 macrocel base station providing a relativaly larger service ama and the
pnpensation communicalion siation, such as 8 microcel! base station or plcocel base
providing & relathely smalier service arga, In some sifuations, the various sizad servios
aress may be inplemented with arrangements similar to the sxampls of FIG, 18, When

\-.« +

the communication station pmviding the larger sarvice has adeguate capactty, the



WO 2014/165809 PCT/US2014/033054
A

corynurication station may be used for transition ares management and the larger
service araa may be used as the transition service arsa.

[BO2B] P& 2 s an Hustration of & coverage transition where the anergy saving
service area 106 i deactivatad and the compensalion sanvice area 104 s sspanderd o
provide wireless service within the geographical region of the energy saving sewvio

area 106, In the example of FH3. 2, 2 coverage ama configuration tansition within the

system of FY3, 10 s shown progressing through ive stages. In the interast of olarity

and bravity, a single UE device 118 is shown in the sxampls.

[‘{3{323} it the first slage 208, the UE device 118 s communicating over wirsless
communication ink 204 with the communication stalion 112 of the ansrgy saving
service srea 108, For the sxample, the UE device 118 is at least raceiving controd

signals and may also be ranamitling control signals and axchanging data with ths

Q)

comminication station 118 prior to the coverage transition, The coverage transition may
be indhiated i responae o 8 determinalion that the energy saving service arsa 108

shoudd be deactivated and the compansation service ares 104 should ba axpandsd.

Such & detarmination may be bazed an any of sevaral factors and droumstances whers
some examples include the resoumes load on the enargy saving servics area, the
compensation sarvice grag, and the coverage sarvice area. The resource load of s
sorvice avea ik based on the amount of time and fregquency resources being used by all

of the UE devices within the servioe arsa. The determination for deactivating the energy
saving sarvice area may be based on whether the compensation sarvice area has the
EROUrCe sapacilty svallabls o provide service o the UE devices within the ES senvig
area and whether the fransition communication statin 108 has the resource capacity
available to wmporarily provide sarvics i the UE devices within the ensrgy saving
service arga 108, As another example, the determination for deactivating an energy
gaving sarvice ara may be based on & particular Hime day, month, ste, whers an
operator hag delermined that the tralfic load al this fime can be managad without the
erergy saving serviog area. In response o the determination that the energy saving

RRIVINE |

rea should be deactivated, e coverage ares configuration transition is

i
‘3

o
]

frntiated,
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(0301 Althe second sigge 208, the UE device 118 is transferrsd to the fransition
senvics area 102, For the example, the ransfyr is 8 handover pronedure in accordance
with an LTE communication specification. The trensfer mav also be referrsd fo s s
handoff i some ohoumstances. The tansfer resulls i changing the serving cell of the
UE device 118 from the energy saving senvice ares 108 to the ransition service area
TS A wirsless communication nk 308, thersfore, is eatablished batween U davice
118 and the communication sfation 108 where contral signals and dala signals can be

axchangad belween the ransition communication station 108 and the UE davice 118,

raphics! service ares are trans
arvices araas. Al this slage, the aporgy saving seovics arsa 108 is deactivaled. The
circle repragenting the energy saving servics area 108 is shown with a dashed line to

..\

frdicats that the gervice ares is 1o longer active. Az a resull, the ang g; sSaving

'3.)
fé
’?
%
o
Pl
»f

communication station (oNB} 118 doas not provide wirnlpss s i the anargy

saving service area by ransmiliing or recelving wirsless signals. For the example

rrgn

weral, the energy saving communication station 118 is tumed off and consumes fills o

O POWar

{00321 The fourth stage 212 of the transition procedure i initiated after all of the UE
davices withint the energy saving gaographioal service ares are ranstfarrad to other

senvice areas and the sneegy saving service area has been deactivatad, AL this stage,

P

he compansation sanvdce area 104 s expandad until § oovers ot lsest 8 portion of the
gaographicat arga previcusly serviced by the energy saving zervice araa 108, Inthe
axample of FIG. 2, the compensation service ama 104 s sxepanded fo cover the antire
geographical area previously sanviced by the energy saving service ares 108, The
servios area 104 may be axpandsd using any combination of known technigues such as
inoreasing franamission powsr, anterma titing, and using antenna beam furming

fechrdgques. The fransition communication stalion 108 continues o serve the UE device

“

118 within the transition service area 102 ag the compensation sasvvice arag

axpandead,
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{033 The §ith stage 314 of the ransition procsdure is nitiatad after the
compensation service area expansion is completa. A this stage, the UE device 18 i
fransferrad {o compansation corynunication station 110, Par the axample, the angler

N

s & hanaover procedurs in accordance with the LTE communioation specification. The

iransfer may also be referred 10 a8 8 handolf it some crswnstances. The transfar
reauits in changing the senving service araa of the UR dovice 118 from the ransition

service area 102 10 the compensation service area 104, A wirslsss commurication fink
<18, thersfure, is established between UE device 118 and the compensation
commurtnation station 110 whare control signals and data signals can be axchanged

P

betwean the communication station 118 and the UFE device 118

{0034} FIG. 3 ncludes Hlustrations 300, 301 of & coverags area ransition where the
transition service area covers a plurality of smaller sarvice areas and the campensation
sarvics area is sxpanded by covar morg than ong energy saving service area. The
citoular shapes raprasanting the service areas generafly Hustrate the relationships
botwaen the servioe arsas and do not necessarlly dapict the actual shapes of the
servios areas. In addition, e servics sreas may overlap i soms regions maore than in
otftar regions, The opan arcas shown belween the oircudar shaped service areas in the
figure do not necessarily indicate that no senvdos is available it these sreas and am
marely & praduct of dlustration ulizing simple shapes to represent g mote complicatad
relationship betwaen servive arsas, Further, the service areas may contain holes of
coverage whers seovice is unavailabls, In the interests of clanty and bravity, sugh
features are not Hustrated in the Rgures.
{B038]  For the example of FIG, 3, the transition servios area 102 covers tha
geographinal areas of several smaller service arsas 104, 108, 302, 304, 308, 308, 310

ncluding the compeanaation service area 104 and fhres energy saving sarvice areas

——
b
93

38, 302, 304, In the ransition siate 300 before the compensation ams wmxpand ad,
the snergy saving service areas 108, 302, 344 have coverags greas adigeent {o the

compansation ssrvice arga 104, In the transition siate 301 after the compensation

<

SEIVIOR ared is expanded, the compansation serdce area 104 has a coversgs arsa that

b3 4~

ncludes the ovgingl coverage arsa of the compensalion sarvice ama 104 and at lsast
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porions of the coverage areas of the energy saving sarvice arsas 108, 302, 304, For
foe Bl et ¥

3

coverad by the anargy saving service argas 108, 302, 304, The expanded

compensation service area 312, therefors, s the compensation sarvice arsa 104 with a

g,

arger covarage area. The energy saving sarvice areas ara shown with dashed linss in
the coverage state 301 to Hlusirale that the senvics arsas have hean deactivated. The
coverage area trangition prosedure for multiple energy saving service areas is similar fo
tha transition procadure for a single energy saving sarvine srea discussed shove, I
ans sxample, the compengation servics area expands o cover each snergy saving
service armg serslly. In other words, the compensation sarvive avea is expanded o

cover g st snergy saving service area hefore 8 seoond &ﬁargy zervice area. In such

trangition garvice arsa, the compensation sevice area is sxpandad {o cover the first
energy saving service area, and the UE devices are ranglarad o the compeansation
senvios area privr Wy the procadure baing parformed for next energy saving servios ares,

i the examples discussed below, howsver, the compansation service ares s axpanded

o cover mudliple energy saving senvice area araas in a single coverage srea ransition
procedure. it this sxsmpls, gl E’J& devices from all snergy saving servics areas sre

transferred o the transiion sendoe area, the compensation service area s axpanded,

and aft the UE devices gre fransferrad (o the compensation service area. Iy soms

%

2 o

choumsiances, some UE devices may be transferred {o nuighbuoring small service amas

(306, 210) nstead of the transition service ama.

~

{0038]  FIG. 4 is an Hustration of the sendee arsas 102, 104, 108 with neighbor
sarvice araas. The axample of FIG. 4 includes only & single enargy service arsa 108, 1
the interast of clanity and beavlly, FIG, 1, FIG nd FiG. 3 dlustrate only & limited
sumbier of service areas. in typinad mmvmm*’atsm’s THIMSIOUR S8IVICE Sraas sover
large geographic raglons, A fypleal system cludes multipls transition service areas as
wall as numerous stmaller sarvice arcas, FIG. 4 shows a section of geographical region
whare several service anss provide ubiquitous coverags. The ciroular shapes

reprasenting the ssnvice areas generally Hustiate the relationships batwsen the servics

aveas and do not neosssarily dapict the actual shapes of tha service sreas. In addition,

by
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the gervice araas may overlap i some regions more than &1 other reglons, The open
areas shown batwesn the droar shigped service sreas in the figure do not necessanly
nddicate that no sarvics s svailable in these mreas a n:f are marsly & praduct of
Hustration willzing simgxia shapes o represent g mors complicated relationship betwesn
service areasn. Further, the service arsas may contain holes of soverags whare senvice
fs unavaiiable, In the intereats of clarity ard brevity, such features are not Hustrated &

tha figures.

[003¥]  bach sarvics greg includes neighbor service areas that are adiacent service
arnas or ntherwize near the service area. Banvite areas 104, 302, 304, 402, 404, 408
arg neighbor ssrvins armas of he energy saving service area 108, Since the
compansation senvics ares is the eipanding service ares # i3 not consider & neighbor
servics area Ry the particular coverage ares transition. As s rasull, the neighbor service

areas for the example discussed herain are shown with crosshatched shading in FIG. 4,

Juring the coverage ares transition, the UE devices within the snergy saving service
area{s) may be tanslared I 3 nelghbor service arsa histead of the transition service
area. For axample a UE device receiving servive fram the enargy saving senvdes ares
108 but positioned sufficlently cluse to the neighbor service ares 404, may be

ransferrsd o the naighbor service area 404 during the coverage sres bansition.

{0038]  As discussed below, neighbor sendos areas are notifiad of the changs in
covarage argas aftar the Srags arag transition. Therefarg, alf neighbor sarvice arsas
are informead of the expansion of the compensation service srea and the deactivation of
the snergy saving service area whan the transition s complete,

BO38]  FIG. 5 is 8 messsge fow diagram 500 between the compensation
commmunication station 110, the snergy saving communication station 112 and other
cormnunication slations 502, The other communication stations 502 holuds atleast the

nsighbor communication siations providing senvice within the neighbor service areas of

1
.54

533

the snergy saving service area 108, The other communication stetion

P

ooanmunication stations that need o have information regarding the status of the
sumpansation service area and the anergy saving sorvice area. The communication

S8
stations are connected through & backhau! that is typloally wired but may Include &t
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arions that are wireless cormunination links, For the sxampis, tha

K%

last {
conymutication stations are aNBs that communicate through the backhauw! over an X3
ok in sccordance with LTE communication standards, Other communioation

techniques can be used in some growmstances.

(453
{3
3
T

{0048]  For the example shown in Fig. 5, in responss o delermining that the ensrgy
senvice area should be deactivated, the snergy saving communication station

i

T sends a Cell Slate Change Request messags 534 o the compansation
sommuniation station {compensation cell eNB} 114, The Cell Biate Change Reguest
messags H04 & least indicates o the compensation communication station 110 that the
anargy saving communication sfation s reguesting change In s slatus from active to
nactive, Unless provided by ancther procedure, this messags may also icluds the
arergy Saving service areg's current oad information, which the sompansation ssovins
area may use {0 delermine I & has the capacity available to provide sendes to the UE

devices within the gnergy saving service avea. In one axample, the Cell State Change

LA

Requast is part of 5 dedicated procedipe for this festure that s added o & standar
speciication. . In other clroumstances, the Cell State Change Request message 504
funotion may be incorporated info messaging structures and procedures currently
defined by o communication standard, such as the Load Management or eNB
onfiguration Update procadures contained in the LTE communication stendard. in
sither case, moditinations of the UTE communioation standard can faclitats the

orocadurs

¥

{0041 Inresponss W the Oall State Change Regues! messags 504, the
compansation communication station 110 determines whethar { can expand senvios o
the anergy saving senvice arsa. F i cannad, the compensation communication stalion

~

110 responds with a Cell Sigle Change Response maessage 508 indicating that the

e

compensation service arsa will not be expanded. Otherwise, gy in the example of FIG.

ey

1 responds with 8 Call State Change

s

compensation corvnunication station -
Responge mestage 508 indicating that the f:a-mg';enﬁaﬁm service area will be

axpanded. In one sxampls, the Call State Change Rasponss is part of a dedicatsd

pracadurs for thiz fealure that s added o a standard spacification. In other
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had

circumstances, the Cell State Change Response messags 508 funclion may be
rcorporated into messaging structures and procedires currently defined by a
comminication slandard, such as the Load Management or eNB Condiguration Updats
procedures contained in the LTE communication standand. in either case, modifications

of the LTE communication standard can faciitate the commiunication,

[B0421  After recsiving the confirmation that the compensation senvics ares will be
axpandad, the energy saving communication station 110 transfers all the UE devioss it
% serving fo the ransition service arsa or & neighbating servics area &t event 508, F

the axamples herein, a handover procedure in gocordancs with the LTE sorrunination
spacifivation i3 used o transler the UE devicss.

[O043]  Whan all the UE devices have besn transferrad from the energy saving
service areg, the enemyy saving sarvioe areg ik deactivalad ot event 510, As disouszed

Tarsin, @ servine area b “deactivated” when i no longer transmils downlink signals to

Anne
&

UL devines and doss nit recelve or process uplink signatls from UR devices. Tharefors,

3 deachivated servine ares camnmot provide wirsless sanvine fo UE devices. Th
compmunication sialion that provides the energy serving service avea st includes active
functions and is not tumed off. For example, the communication station is stil {napable

of corymunioating with other communivation siaticns andfor the netwarle

[0044]  After the snergy saving service araa g deactivaled, the energy saving
communication stalion sands a Cell Biatus Change Update message 512 indicating that
the servioe area has besn deactivated and that the compensation servics area can he
exparded. it one sxample, the Cell Siale Change Update message $12 s partof a
dedicatad procedure for this fasture that is added to 2 standand soacification. In other
circumsiances, the Calt State Change Response message 512 funalion may be

meorporated inte meseaging structures and procedures currently defined by &

fm

sommumication standard, such ag the Load Managemant or oNB Configuration Update
proceduras containgd i the LTE communication standard._in either tase, modifications

of the LTE communination standard can faciitate the communioation

{B0438] At eveni 514, the compensation service ares is expandad iy response o

recelving the Cell Status Changs Updale message 512, The sompeansation
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comymurication station inoreases ansmission powsr and pedorms other knowrn
techniques for axpanding the compensation senvins area 1o cover at least a portion of
the enacgy saving sarvice area senvios area. For sxampls, technigues such as antenna

filing and antenna baam forming may be used fo provide an expanded sendos aras of

o

the compensalion conmmurdoation station thet covers the m‘ig‘is\sai sarvine area of the

energy saving sarvice area as weall as the original sarvice grea of the compensation
service area, Where muitiple enengy saving service areas are deactivated the

comparnsalion aervios area is expandsd W cover those servios avess. In one exampds,

A%

snined at the Hime

f’}

the parameters for establishing the sxpanded coverage area are dat
of aquipment deploymant. For example, signal quality measurements may be made and
the paramehars may be determined using the signal messuremanis at the time of ar
after eguipmant nstalistion. Accordingly, the compensation communication station
applies stored values or values | has received Sam an Operations and Maintenance
{OAM) system to expand e senvice ares 1o cover the areas of the energy saving
service areas that have been deadtivated. This sxample showing axg
massanes v ondy for tlustration and other means can be used o thig
changes for this prosedure. For example, DAM system may provide signsis for this
PUIRGSE, OF May provide values for the tme duration of sach siate i the procedure. Far
example, OAM could provids the compansation corymunication station the time duration

hefors it should begin the expangion of the compensation servics ares. This time

duration could be bagsed on the expected amount of time required for the snergy saving
service ares UE devices to he handad over to a ransition sarvice area,
[(BG48] I anocther example, the axtent of the expansion of the compensation service

vea is basad on feodback provided by UE devices. The transition service ares
0

ﬁ}

novrrnuiogtion station may request that UE devines repord signal

meastremant information shout the ransition sarvine ares in ralaticn o tha

3

compensation service area. For sxampls, it the cass whers the expanded
compensation service grag covers the same arss as the ransition service ares, e

.

compensation service ares coverage should be the same as the transition sewvice ares

'32

coverage. The transiion communication station car request UF devices to maasure i

stgnal strength of both the lransition serdoe area Uansmitter ard the compensation
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secvice ares ransmitter. The tranaition communioation station can compars the two
signat slrength measuwramenis and notify the compensation communication station ¥ the

A

differance betwsen the measurements Is greater than a m‘eﬁei&s“s‘mwd threshold. The

compansation communication stalion can expand or reduce the compensation seevice
aras based on the difference hotwesn the measurements. ¥ the measwaments mads

by the Uk devices are the same within a certain threshold, # s fkely that the ooverags

for ths we service arsas & close to the sams, including at the sdge of the service area

e

avan it thare & no UR device looated there 1o report measurements. Simitarly, for cases

whare the senvice areas ave not the same, the relationship hetween thelr signal

$

strengths can be datermined beforehand, such as during deploymeant, and can be used
o mssist to determine when the compensation service area has been sxpandad to the
proper extend. In adgdition, sommunication stations with neighboring servics areas can

also use measuremanis from thelr UE devices fo assist with this process.

{00477 Alter the compensation servics area has besn expandsd, the compensation

&

semmuinication station sends a Celt State Change Update message 518 indicating that

the service area g sxpandead,

{R048] Al event 818, the UE devices previously receiving servios from the arergy
saving service arsals) are transferred to the compensation sarvice area, In some
situations, one or more of the UE devices may be bansferred o other servines areas or
may remain with the transition service area. For the example, handover procedures in
accordance with LTE specification arg invoked o ravsfer the UE devices from the
ransiion service area or ha neighbor servios area o the compenzation communination
station thal now s providing an expanded servics area covering the original service
areas of the energy saving service arsals), The conventional handover friggerning
condiions in affact iy the systerm may be usad, Since {he compensation sarvice area s
oser fo these UE devices than the transition service area, many of the UE devices
pravicusly served by the energy saving servics graa will he handsd over to the

compensastion service aras

(B848] A communivation station configuration update message 820 is ser from the

Snergy saving semmunication station (© the other communications stations indicat Eaie
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that the energy saving servine ares is no longer active. The other communication
stations include at least the neighbior stations of the energy saving service arsa and
may include olher communication stations that requirs Information regarding the status
of thi energy saving servios arsa. For example, this fimctionaiity could be added to the
LTE X2 interface oNB Configuration Update messags that communication stations use

io nobfy other communication stations about configuration changes of thelr service

areas {oalls),

ROBGL  A communication station configuration updats message 527 is sent from the
compensation cammunication station W the other communications stations indicating
that the compengation garvice ares has bean sxpandad, The ofher cormriunination

<

stalions include al least the neighbor stations of the energy saving service arsa and

oy

may nclude other compnunication stations that require Information renarding the status
o th

b3

"3

,«h

of the compensation sarvice area. For examgle, this functionality could be adde
LTE X2 interface oNB Configuration Update message that communication stations uss
to nolify sther ommunivation stations abau configuration changes of thelr senvice
{805 Forthe example sbovs, the order of gvents may be modified in some
arcumstances. For exarmple, the UE devicas may be transferrad to the compensation
service ares aftar the communication stations sonfiguration mussages 520, 532 are

rangmitiad o the other communication siations 803,

{BO82] FiG. 84 I8 an Hustration of coverage areas in g cellar nommunination
system 600 whers coverage srea ransitions amn managed using 2 transition cell 102
srovided by a compensation communication station 108, The arangamert ig similar o
the example disoussed above where the fransiion servive area s provided by
cormunivation station ssparate from the compensation cormmunination station. For the
example of FIG, 84, however, the fransition sarvice area s provided by the
compansation communication station. The compensation sommunication station,
therefore, provides wireless service within two geographica! areas reprasented by two
sireular areas where one clrcular ares s 8 compensation service area and the othsr,

larger clroular arsa is the ransition gervice arsa. The transition service sres 103
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&3

overlaps with the compansation servics area 104 and an energy saving service ares

e

6. In typlcal implemeantations of the callular commmunication systern 800, severs
adiavert ransition service aveas may cover large arsas where sach transiion service
ares inoludes saveral smaller colls positionsd adjscent fo aach other within the
tramsilion servioe area 102 In the interest of brevity and slan fy, howsver, FIG, 84 shows
snly lwo smailsr cells 104, 108 within 2 single transition service area 102, The siroular

shapes reprasenting the service areas of the cells generally Bustrate the riationships

belwenn the cefis and do not necessarily depict the actual shapes of the servics areas.

The coverags atea ransition management lechniques discussad with referenas o FIG.

64 may ba applied to numercus noverage gres fransition soenanios, Far aexample,
averal aremgy saving sarvice areas may be deactivated and & compensation senvics

area may be sxpanded to cover the geographical sendee aress of the multiple snergy

saving service areas in accordances with the techniques discussed hereln. The service

areas may have any of sevaral shapes and sivas,

{00831 Communication stations 108, 112 tranamit and receive wireless signals to
provida the cells 103, 104, 108, Each communication station 108, 112, which aiso may
be referred o as an access node, socess poiit, eNodeR, eNE, hase station, and other
tarms, includes a ansceiver and station controlier. The transceiver, or radic head, |
iypically codlocated with the station controlier although, i some situations, the station
controfier may be physivally separated fom the radis hesd. The radio head ot least

i¢

nchudes radio frequency (RF) ranscelver squipment such as antermas, franamitiers,
sig

and racsivers, for ransmitiing and receiving wirelass signals. Typically, radio heads do
not include higher level processing and contrad funcﬁw s which are parformed by the
assoniated controfler. The radio heads may be nasr a controller where buth the radio
head and the controlier may be implemented within a single apparatus. Alse, each
aosmunication station may nclude mors than one radio head, As discussed below with
refarenoe Iy FIG 8R, for examypls, a singla station controler can be connacted to a
ransilion radio head and g compensation radic head. Since the location, shape, and

size of the cell is determined at lpastin part by wireless ransmission and reception with
e commumication station, the celf's location is detarmined by the jocation and

aperation of the radic head. The compensation communication station 108 provides the
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sarvice gres 102 and the oompensation senvios ares 104 and an arergy

,,.,,
fo%
L]
P
%
o
&
pos
’)’1

saving communization station 112 provides the energy saving service arsa 108, Bach
comsrunioation station 108, 112, therafore, provides wiraless communication services o
wiraless corynunicalion user equipment devices (UF devicas) 114, 118, 118 within o
geographical sevvioe gres. Sevaral communication sialions are typlcally interconnecied
through a backhauw! (not showr In FIG. BA) and {0 8 network controlier (not shown in
FIG. 8A} o provide several servioe areas o cover largs areas. The backhau! may
nolude any cembination of wired, optical, andfor wirsless communication channals. For
the sxamples heraln, the network controlier includas the functionslity of the Mobility

Maragement Entity (MME) and the Packet Gatewsay (P-GW).

D031 As discussad above, a cellular comynundcation system is typically requited
adhere o g communication standard or spacification. The celluler communication
system 830 for the examples of FIG. 84 and FIG. 8B oparate in accordance with 3GPP

{BUSS]  Therefore, for the examples heraln, the compansation communication station
T ncludes 8 wirgless transcelver that transmits downlink signals 122 to ons o mors
UE davices 114 within the transition service area 102 in accordance with 3G8P LTE
amd rensives uplink signals 128 from ane or more UE devices 114 witt

service area 102 it acoordancs with 3GPR LTE. The compensation sommunicalion
station 110 also transmifs downlink signals 134 1o one or mora UE devices 118 within
e compensation secvice area 104 In sccordance with 3GPP LTE and raceives uplink

signals 126 from one or mors UE davicas 116 within the compansation service area

104, The snergy saving communication statim 112 oludes & wirsless transceiver that
ransmits downfink signals 120 o one or more UE devices 118 within the energy saving

sarvice area 108 in accordance with 3PP LTE and recelvas uplink signals 128 from
o or more UE devioss 118 within the shergy saving service area 108 In accordance
with 3GPRLTE.

{0858]  The compeasation cormmunication stalion 108 uses different frequancies io
provide the compensation servios aren 104 and the transition service area 102, For the

sxample of FIG. §A, a first downlinkfuplink frequency pair is assigned for the transition
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service arsa 102 and a second downlinlduplink frequancy palr is assigned for the
compensation sendee arsa 104, Several downlink/uplink fraquency pairs may bs
assigned 10 sach service area 102, 104, The first downlink fraquenay is diffsrent from
the second downlink fraquenay and the first uplink frequency is diferent from the
secand uphnk frequency, The first downlink frequency and the first uplink frequency are
not used by the energy saving sommunioation station, Accordingly, communinations in
the ransition service gres do nob intarfere with communications in snergy sav Y

arvice sress 108 evan though the cells overlap because different frequencies are

if}

used. Whera morg than one Sequency palr iz used by sach service ares, no frequenay

g

pairs used by the transition service sres are used by any of the energy saving senvics
areas within the ransition service sreg 102
0057 FIG. 6B is an flustration of the cellular communication systerm where the
cormpansation stalion noludes a slation controller 132 and two radio heads 134, 138 As
menbionad above, a communication station may ncluds more than one radio head, For
the examiple of FIG. 88, the station controller 132 of Nmmgm‘xsms\m sorpmuication
station is connactad 10 @ transition radi head 134 and a compensation radio head 136,
The trangition radio head 134 axchanges wireless signals 130, 122 with LIE devices 114
within the transition service area 102, The transition service area 108 may be 5 cell or
othgr sarvics arga that am&’{in{.ﬁ;ﬁiy provides wirnless services to UR devices in
ascurdance with krown techiniques. The transition service srea may alse facilitate
managamant of dynamic coverage arsa fransition when the transition service ares
noludes adequate capadity. The compensation radio head 138 axgh ANges wirgloss

8

sighals 134, 136 with UE dovices 118 within the cormpansation ssrvics aea 104,

[OB88]  BIG. 7 is an Hlusiration of & coverage srea configuration transition where the

SNAEFGY saving servies arss 100 is deactivated and the compensation senvine araa 104

s axpanded o provide wirsless service within the geographical service area of the

Snergy saving sewvice area 108, In the sxample of FUG. 7, a covears age fransiion within
he gystem of FIG. 64 or FIG. 8B is shown progressing through five stages. In the

i

ntarget of clarity and bravity, & single UE davice 118 is shown In the exampla. Also,
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afthough not shown, the compensation conynunication station 108 may includse more

than one radio head.
[0058]  Inthe first stage TO2, the UE device 118 is communicating over wiralnes

cormmunication ink 704 with the communication station 112 of the energy saving

service arga 106, For the axample, the UE device 118 is at leas! raceiving contral
signals and may aleoe he transmiiting control signals and exchanging dats with the

conrittiogtion station 118 peior to the coverags transition, The fx::\ear:ag& ransition 8
iniliated i response v 3 determinalion that the energy saw Ny service arsg 108 should
ba deachivated and the compensation zervice araa 104 should bs expanded, Buch a
deterrination may be based on any of several factors and sircumstanoes whare some
sxampies include the resource load on the snergy saviﬁg senice arga, the
compensation sarvice area, and the coverags service area. The rescurne nad of 8
sarvice area is based on the amount of ime and fraquency resowrces being used by all

of the UE devices within the senvioe area. The determination oy desoty vating the snergy

saving seovice area may b hased an whether the compensation servios area has the
PEROLICS Capacily avaliabls 1 provids servics 1o the UE devices within the B service

i)

area and whather the transition communication station 108 has the resource capacity

N

svaiiable o temporanly provide service to the UE devices within the anargy saving
service area 108, As ancther exampls, the delermination for deactivating an energy
saving servios grea may be based on 8 paricular time day, month, elo, where an

& managed without the

:,;
Pl
e
x}
i
b

232

oparatyr has determined that the raffic load at thi
energy saving service area. In responss o he delermination that the energy saving

zevvice area should be deactivated, the coverage transition i inftated.

(G801 Althe second stage TOB, the UE device 118 is ransferred to the transition

sarvice area 102, For the sxampls, the transfer is & handover praoedurs in acoordanos

with an LTE communication specification. Tha transfar may aiso be referrsd to as 8

handolt in some ciroumstances. The transfor resulte in changing the serving cell of the
SRV

UE device 118 fram the anax

S

¥ 2aving service area 108 o the bansition service arsa
1032, A wireless communication lnk TR, theretore, it astablizshed betwean UE device

118 and the communication station 108 where control signails and data signals can be
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aexchanged belween the coverags communication siation 108 and the US devioe 118,
The frequenciss usad for the communication fink 708 with the compensation
sommunication slation 108 are different from the frequencles used for the

sorynunication ink 704,

{0061]  The thivd stage 710
devices within the anargy saving service area 1 ﬁs’:‘;‘ are transfarred {o other senvdices
arags. ALis slage of the transition prucedurs, the energy saving service area 108 is

degolivated. The circle representing the energy saving service aras 108 is shown with &

)

dashad fine o indicate that the service ares is no longar active. As a result, tha SNATgY
saving communication station (eNBY 112 doses not pf{}v;i& wirsless service within the
STIRFGY SAVING servioe area by ransmiting or recalving wirelsss mgmi% For the

sxample herain, he energy saving communication station 112 is tined off and

nonaaTies it of no powar,

The fourth stags 718 of the transition prooadurs iz inllinted alter all of the LB

e

oy
o
Lo
&
Pl
T
wnr

devices within the ensrgy saving service ares 108 ars ransferrad to other

and the enargy saving sendes sreg hag besn deantivated. Al this ot age, the

e

igast & porlion of the

1§

compensation ssrving greg 104 is expandad untll # covers s

geographical areq previously sarvived by the energy saving servios area 108, The cell
104 may be sopanded using any combination of kitown t&chnq such &% horsasing

ransmission power, anterna Hitng, and using antenna beam forming iex,hnsic;i;es. The
compansation communication stalion 108 continues 1o serve the UE device 118 within

the transition service ares 102 using the cormmunination Bnk 708 as the compansation

> S e

g,

garvice araa 104 is sxpanded,

{0631 The fifth stage 714 of the fransition procadurs is initiated after the
sompansation service arsa expansion is complate. At the fifth slage 714, the UF dewi
118 i ransferrad to the compansation service area. The communication resaurces
using the fraquencies assigned to the compensation service area 108 are scheduled o
tha UE device 118, For the axample, the transfor & iy acoordance with the LTE

communication specification and rasulis i changing the serving cefl of the UF devine

~

r

TR from the ransition senvice ares 108 to the oo oifipensation servine ams 104, Where
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the compensation station cludes a transition radio hoad and a compensation radio

& §

haad, the UE device 118 & transferred from the transition radio head 134 to the

i3

ampansation radio head 138 by scheduling the communicstion resaurces assigned to
the compensation radio head, A wirsless communication ink 718, tharefore, is
establishad bebwsen UE davice 118 and the compensation radio head 138 of the
campeansation communication station 108 where control signals and data signals can be
sxchangad between the compansation radio head 138 of e commundoation siation
108 and the UE device 118, in situations, the fith stage may nat be performed. Sor
axample, the ransition radio head 134 can continus o provide service Io the UE devios

118 vl & ransfer is warrarniad,

[0084]  Tha dynamic coverage ares bansition procedurs for examples whera the
compensation cormrinication station 108 provides the transition senvics area 102 may

be performed for muitiple energy saving service srags. Arangsments such as those

b

4.

caseribed with reference to FIG. 3, therefore, apply 1o the ransition procedure where

the fransilion servios grag 102 covers the geographical areas of several smaller serving

{..:}

greas 104, 108, 302, 304, 308, 308, 310 including the compensation service arsa 104

d three energy saving sendce areas 108, 302, 304,

[085]  The messaging batween the communication siations for the dynamic
coverage area transition procedurs for examples wheee the compensation
oorrrunication siaticn 108 provides the transition sewvice area 102 s similar o the

sxamples tiscussad with referencs 1o FY3. 8 For arrangements where the

aompensation communication station 108 provddes the fransition servios area 102, the

Cell State Ohange Regquest message 504, Ceff State Change Rasponss message 508,
Call Status Changs Update message 512, Cell State Change §}§3 ate messags S 1§,

communication station configuration updsie message 524, and communication station
configuration updats messags 532 are formatied and fransmitted a8 discussed with
referances to PG, 8. For svent 518, the communication station may perform UE devine
handovers in an implamentation-specific way sinoe the trget and source of the
handovars are controfied by the same communication station and no signaling between

conwnurdoation stations s raquired,
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[O088]  Forthe example, handover pronadures in accordance with LTE specification
ars invoked to ransfer the UE devices from the mnsiiien sendce ares of a nsighbor cell
to the sompensation communivation station that now is providi ngy an axpandad call
covering the odginal servion areas of the energy saving service areals),

[0067]  Clearly, other embodiments and madifications of this invention will soour

3

readiy §

{3

tose of trdinary skif n the artin view of thege teschings. The shove
description is dustrative and not restrivtive. This invention is to be limited only by the

tollowing claims, which innlude sl such smbadiments ard modifications when viewed in

%

confunction with the above specifination and sccompanying drawings. The scope of the
ivantion should, themfore, be determined nat with refarence 1o the above s:fies;{:r;; T,
but instead should be determined with reference o the appended claims along with their

full snope of squivalents,

{GO88]  Whatls claimed i
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CLAIMS

1. A mathod compeising:
transtarring & user equipmant device {(UE device) from an ensigy saving
communication station to ancther communication station;
contracting the energy saving senvics ares;
transmilting a cefl state change updste messags from the enex
3

gommunication siation {0 3 compensation communication station, the coll siads changs

oo

updats message ¢l least indicating that no UE devices are receiving wirslass service

3
fram the snargy saving communication station;
expanding, af inas! partially in response o meceiving the nell state change update
massags at the compeansation communination station, a compansation servine arsa of
the compensation sommunication station to cover at least g portion of an energy saving

service area of the snergy saving communioation station,

2. Tha methad of olaim 1, wherelt condracting the energy saving senvice ares
comprises deaclivating the energy saving service area such thal the energy saving

commirdcation skation doss not provide wireless communication services within the

energy saving service arga,

3. The mthod of olaim 1, further comprisin

LY

?»

transtarting the UE device from the another commnunioation station o the

2

compersation communication station affer the compansation sewvice area Is sxpanded.

4. The method of olaim 1, whaveln the another communination station s 8 transition
communication station having 8 tansition service ares that at least partially overlaps

with the anergy saving seivice ares.
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-28.
&, The mathod of olaim 4, whersin the tansition sommunication station comprizes a

N

fransition radic head and transition controller and the compensation communication

station comprises & nompensation radio head and 8 compensation station controfier,

&, The method of claim 4, whareln the another communicalion atation is the

compansation base station and wharsin the ransferring of the UE davios from the

eneny saving communication station comprises:

assigning @ frst cormmunication frequency palr to the UE dovice for communication with
& transiion radio head of the compensation communication siation, the first
communication frequancy palr different from all communication fraquenay pairs used by

a compansation radip head {o provide the compensation sanvios ama,

7. The methad of oladm 1| whersin the ancther base station Is an nsighbor hase
station providing 2 neighbor service area partially overlapping the snergy saving sanvce

LOverage ared.

8. The mathod of olalm 1, wharein the transferring the UE devios from the energy
saving comrunication stalion to the ancther corynurdoation station comprises
assigning an uplinkfdownlink fraquency palr for communication between the UF devios

and the ancther bases station, the uplink/downlink fraquency pair not used by the

anargy saving communication slation.

5. The methad of claim &, whersin the ransfering the UE devios from the anergy
ving communication station to the another communication station comprises
performing & handover procaduwre rom the snergy saving communication station to the

another comnunination siation,
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an enengy saving communication sialion providing an snergy saving senvice
a pompensation oorynunieation station providing & compensation sarvice area
through & compensation radio head snd cannested by the energy saving communination
station through & backhaul; and
a transition radio head providing 2 transition senvice sras that ot least partialy
ovartaps with the snergy saving servics ares,
the gystem configured ke
transfar a uger equipmeant devios {UE davioa) from the energy seving
communication station o the transition radio head
activate the snergy saving service area; and
axpand e compensation sendees araa {o cover af lpast & portion of the
snergy saving service area atl least parlially in resporse o determining that no UE

devices am recehding wirsless servics fromm the energy saving cormmunication station,

<

1. The cellidar communioation sysiem of olaim 10, the system frthar configured W

s

.

ransfer the UE device from the transition radio head t the compansation

oonmnunication station after the compensation service area is sxpandad,

12, The celivlar communication system configured 1o fransfer the UE davios from the

®
e
.sw?

ergy saving communicatian siation i the ransition radio head by assigning an
uplink/dowalink fraquency paly o the UE device for communination with the transition
racio head, the uplivk/downlink frequanay pale not usad by the energy saving

commmunioation atation,
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WO 2014/165809
13 Tha celular communication system of ¢laim 12, whersin the fransition radis head

connectad o ransition station controller diffarent from a sompensation station

cantratier of the compensation comununication statior

14 The cellular communicalion aystern of claim 13, wherein the transiering the UE
device from the snsrgy saving communication station o the ancthey communication

station comprises performing a handover procedure from the energy saving

-t

comsnurication station {o the another comimunication station,

15 The celldar communioation system of claim 12, whersin the transition radio head

LR

s oonneciad o & slation controfler of the compensation communication station.

18, The celiuder communication system of dalm 10, wherein the system operatas in

ceordances with & Third-Genaration Partnarship Projeot Long-Term Bvolution (3GPP

P
=

LTE} communioation spacifination.

17, The cellular communication system of olaim 18, wherein the energy saving

2y
commiunication station is condigured o inltiate transfer of all UE devices from the enerqy
saving station to the franaition radic head In response to recsiving a tell siate response

k2

massags ransmitied rom the compensation communication station t?sv‘w@

’i:/
(.3
oot
it
b
s
2
<
o
o]

rckhaul, the cell slale response message indicating that the comp

area will ba expandad.

18, & method comprising:

vt

‘-:ransmiiﬁng a cell state change raquest message from an energy saving

cemmunication station to 8 compenzation communication station, the cefl siate change

request message al least requasting deactivation of an ensrgy saving servics grea

grovided by the energy saving conmunication station;

P
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franzriiling @ cell state change response maessags from campensation

sommunication station o the snergy saving communication station, the call state
change;

whan the ceil state changs respunse message indicates that the energy saving
sarvice area should be deactivated, fransferdng & user equipment devics {UF device)

¥ IR g commiatication station o g ransition radio haad, the transfering
from the errgy saving communication stalion to 8 transition radio head, the ransfering

comprising assigring to the UE device an uplinkidownlink frequency pair for

.

communication with the transition radio head and not used by the energy saving

corrmunication station;

deantivating the energy saving servioe area such that the snergy saving
cammunication station does not provide wireless servios within the anergy saving
SRIVICE aras;

transmilting o cell state change updale message from the snergy saving

commiunication station o the compensation communication siation, the nell state

,,,,

changs update messege af least indicating that no UE devices arsa receiving wireless

sarvice from the anergy saving communication station;

axpanding, st loast parlially b response to receiving the cell state change updats
S o
massaga al the cormpansation communication siation, 3 compensation service areg of

- the compensation communication station 1o cover at least 3 portion of an energy saving

senvice ares of the energy saving communication station.
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