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(57) Abstract: According to some embodiments, there is provided a base sta-

tion, system contigured to, among other things, (a) detect whether a particu-
lar UE is using too much power to transmit uplink data and (b) in response,
transmit a message to the UE instructing the UE to detect a power control RS
(PCRS) that is intended only for the particular UE. In some embodiments,
the PCRS is transmitted such that the power (actual or nominal) of the PCRS
as received by the UE is higher than the power of the previous CRS detected
by the UE, thereby leading the UE to calculate a lower PL values which ears
lead to the UE lowering its output power.
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TECHNICAL FIELD

The prosent disclosure relates to radio sommunication and i partivuler

touptink power control in radio communication.

BACKGROUND
in cellular or radio communination networks, ¥ wser equipment (L) such a8
for examgﬂe\ a mohile telephons oy other conumanication devige, corunamonies with
radio base stattons (RBSs {a ko, "nodes™ ol ¢ Radio Access Network (RANYL
Drfferent URs transmit stgoals with ditferent transrabssion powars depending on seversl

factors, such as distances between the different UEs and the RBS, the munber of URs

curremmly iransmitiing signals 10 or receiving als fron: the RBS, or the geographical

conditicas belween the dilferant UEs andd the RBS. The diffevent transniission powars
of the UEs cavse several problems or ssues which need © be constderad. One sesue
that the higher the power, the higher &5 the drain tmuthe battery of the UEs, A fusther
sue, which ts rouch more complicated, i1 interforence. As a UE transmits with
redatively high transmiasion pewer, the more interference the UE cases other Uils i

its vicity and also o nelghbounny RESs.

I ordeyr to address these issaes, control of the ansomssion power of the UE
or mohile station has been intnxduced. Control of mobile radio station transmission
power {somatimes referred (o ax uplink power comrol) i thus 3 common {estars in
celindar systerns. Some objectives of uplink power contrel inchude: (a) attaining a
sufticient reosived power and signal quality on the used uplink radio channed af the
serving RES, (b lnuting the received power (interference} s nog~serving RBSs, {©}
hinuting the recerved power Onterfevence’ on other channels at the serving RBS, and ()
reduoing the oty power loved 8o it power consiamption sud sve battery Iife in the

mohile siation.
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Power control schemes tan Durther be divided i G the ontegonies “closed-
loop” and “open-loop” depending on what type of measersmes nput i used, Closed-
{foop schemes make use of messurements on the smpe hnk divection that the power
control apphies fo, Lo, on the nplink for uplink closed loop power control. Open-loop
schenses mitke use of measurements on the oppaosite link dirsetion, e, on the downdink

for uplink open-loop power control. Closed-loop schemes are typically more accurate

than open-loop schentes, but also require more corvro] siguatiing overhead.

Tmproved support for heterogeneous network operations s part of the on~
gening spectfivation of 3GPP LTE (Long Term Evolution) Redease- 18, and fwrther
nprovements me discussed in the context of new featurss for Redease-11. In
heterogeneous networks, a nuxture of RBSs hoving differsntly sived and overiapping
goverage sreas ars deploved, Que non-hmiting sxample 15 iHlusteated below where low
power RBSs (e.p o pico RES, 8 fomio RBS, etc ) are {iayﬂm ed within the coverage
area of a fgh power RBS (e g, & macro RBS or “mosore oell™), In FIGL 1, one nwaro
RBS 100 15 shows baving a covernge area or cell 101, Within the cell 101, three
different low powsy BRESs 116, 120 and 136 ave deploved. For stioplicity, we shall
reder fo low power RBSs as Vpiea” RBSs. Bach of the pyeo RBSs has a corresponding
vell 111, 121 and 131 regpectively. In LTE, an RBS may be an svolved Node-B
{UeNode B or “eMETY or L may be 3 base staton withowt eNB capabilities, suohas 2

“remote radio ant™ (RRUL

Throughout this disclosure, an RBS i3 often referred to a3 boing of & cortain
Bvpe, . TmacnyT of Tpee”. These types arg andy examples of such RBSs and shoudd
as be interpreted as an absolute quantification of the rofe of the RBS but rather as o
comwverient wiy o Hustrate the roles of different RBRs relative w each other. Thas, a
description about macro aud proos could, for exmmple, just as well be apphicable to an
mteraction between micre BBSs and feosto RBSs. Other non-limiting exanpdes of lov
power RESs include home base stations and relays. A large diffevence m output power

{e.g. 46 dBny i moacro cells and 30 dBr or less i proo cells) results i different
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mierference siuations as congpared to networks whare all base stations have the same

outpul power,

Deplrving hew power nodes (e.g. piee RRSg) within § niaoro coverage greg

%
3

traproves system capioity by cell splitting gaios and also provides users with & wide
areg experience of very high speed data sccess throughout the netawork. Heterogeneous
deployments also cover traffic hotspots well, Hotspots sre soall geographicad areas
with high yser densities served by, e.g. pioc oells, and they represent an alternative

deplovment (o denser macro networks,

A basic way o operate a heterpgensous natwork 15 (o apply frequency
sepastion between the different lavers, Le | the differont macre and Pivo nodesoperate
on different non-overlapping camer frequencies, and thereby svord sny interference
between the Javers, With no maoro cell injerference owards the under-laid cells, cell
splitting gains are aclseved when all resources can simulianesusiy be used by the
under-fuid cells. A drawback t}fstipier&{ﬁing avers ow different camrier frequencies s that
it sy lead to resource-wiiliaation ineiliciency, For example, i there 1§ low detivity i
the pieo nodes, 8 could be more efficiont w use sl carrier fragquencies n the maoro cell
snd then hasically switch off the piee nodes, Nevertheless, the split of carrier

freguencies across layvars s tvpically dose in a static mannsy,

Another way o operate a heleroganeous network 13 o share radio resourees
on the same cavriey frequencias by coordinating transnussions acrosy maors cells and
under faid cells. In mter-cell interference coordination {ICIC), certain radio resources
are allocated for the macre cells during some time peried, and the remsainng resturees
can be accessed by the under-lad cells withoal terforence from the macro sell.
Depending on the taffic siiuations across the lavers, thes resonrge spiit oan change wver
fime o secoramodate differsat iraffic demands, Tn contrast to the aberve split of carrier
frogquencies, this way of sharing radio resources goross lavers can be made more or less
dyvasnic depending on the inplementation of the terface betwesn the nodes. I LTE

for example, an X2 interfhcs is specified that allows exchange of different types of
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mfvrmations between nodes. One example of such information exchange s that a node

can inforn other nodes that 1L will roduce s ransmiit power Of CRElain FesOuUrces,

Time syachronization between nodes s required to ensure that JCIC across
layers will work efficiently in heterogensous notwarks, This is oportam for time

domuain-based O schemes whese resources are shared 1 tme on the same carrier,

LTE uses Orthogonal Froqueney-Division Multiplexing, QFDM, in the
downdink and Dhsorste Foarier Transiorm, DFT ~spread OFDM i the uplink. The
basic LTE phystoal conununication resources can thas be ssen as a thne-frequency
zrid. s tlustrated m the sxample in FIG. 2, where sach resource elentent corresponds

to one subearvier during one OFTIM symbol nterval {on & pavticelar antenna povt),

in the time donwiy, LTE downlink fronsnussiony ave organtzed oo ragdie
frames of 1ms, each radio frame including ten equally-aized subframes of ¥ aw as
itpstrated m FHG. 3. & subframe is divided into two slots, sach of .3 ms tinwe

duration,

The resource allovation 1 LTE s described m tonms of resource bloeks,
where i resource block corresponds to one slot in the time donin and 12 contiguous
18 kHx sabearriers in the freguency doman, Two consecutive resource blocks (in time)
represent @ resource blook pair and correspond 1o the time interval upon which

transasission schedaling operates

Transmissions in LTE are dvnamivally scheduled in each sublrame, whare
the RBS iransoits downlink assignmenisfophink transiission graigds 1o certain UEs via
a physical downhnk control chanvel, PRCCH. The PDCCH signals ave sransmitiad
the first OFDM symibol(s} in cach subirame and span {more or lesa} the whole system
bandwilth, A UL that has decoded a downlink assipnment carned by a PDUCH knows
which vesource sloments in the subfrare that contain dats aimed for the UE. Sinwlardy,
apon reesiving an uplink tronsvaission grand, the UE knows which timedfrequency

rexowrces i should transmut upon. In LTE downlink, data is carried by the physucad
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downlink shared channel, PRSCH, and in the uplink, the cormagponding data chamnel is

refeerad 1o as the physical uplink shaved channel, PUSCH,

Dernochaiption of ransnutied dote requires sstinwtion of the radie channel
which i done by unng transmiited reforence synbols, R8s, Le. svinbads already known
by the recetver. In LTE, cell-specific reference symbols (CRSs) are ransowited n olt
downhink subfrenes, and m addibion o asststing downbink channe! estimation, they are
alse waed for mobility messwrements and for uplink power control performed by the
UEs. LTE also suppons UB-specific RS gimed only for assisting channe! estimation

for demodulation parposes,

FHG. € Hlasvates a mapping of physical convrolidata channels and signals
onte resourcs slaments widun g dowehisk sublrame. In tus examply, the PRCCH:
occrpy the first out of three possible OFDM sybuols, so in this particular case the
mappung of data could stant at the second OFDM symbol. Sinee the (URS is conynon o
all UEs tn the cell| the wansnussion of CRS cnwot be easily adapted to suit the neads
of a particalay LE, This s s contrast o Ul-apecific RE where sach UE bas RS of s

own placed o the dats reglon o FIG. 4 as part of the POSCHL

The lengih of the contied regdon, which can vary on subirmme basts, ix
conveyad it the Fhysieal Control Format Indicatoy Channel, POFICH, The PCFICH s
sromsrnitied within the contrad region ot locations known by UEs. Aler a UE decodes
the PCFICH, # knows the size of the control region and in which OFDM symbed the

data transnussion stans.

Albso transmitted v the control region s the Physiwal Hybrid-ARQ fndivator

~

ACK responses o s UE o bdorm if the uplink

Pl

Channel. This channed camries ACKNN

data trsmsveission in a provious subframe was successfully decoded by the buse station

OF DO

Before a UE can compomunicgie with an LTE network 3 first has to fnd and

acquire synchronizstion to an RBS within the network, e, performing cell search.

1923
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Then it bas {0 receive and decrde system mnformation needed 1o conumticats with and
operate properly within the RBS, and finally access the RES by a random-aovess

provedure,

3
§

fit order fo support mobility, & UE needs o contimiously search for,
syncleonize o, and estmate the reception quality of both its serving RBS and
avighbowr RESs, The recephion gaality of the neighbowr RRSs, n relation to the
reception quatity of the serving RBS, is then evalusted in order {o conclude i a
handover {for UEs in connected mode) or ool re-selection (for UEs n idle mode)
shoudd be carvied out. For UBs in comected made, the handover decision s taken by
the network hased on messurament reports provided by the UEs. Examples of sach
reports are reference signl received power (RSRP) and reference signst received
guakity {RSROY. Depending on how these measurements, pussibly conplemsnted by a
configurable offset, are vaed, the UE cay for exanple be connected o te RBS with the
strongest vecetved power, the RBS with the best path gain, ov somwetlung between the

WQ,

These selection sirategies do not resulf in the ssune RBS selection gs the RBS
ouiput powers miay differ. This s sometmes referred to as link iwbalwce, Fur
exanyge, looking st FIG 3, the oy powser of a pico RBS 510 (e, arelay) i in the
order of 30 dBay o loss, winle 8 mavee RBS 500 can have av outpat power of 46 dBm,
{onsequently, sven in the proximity of the pico RES 514, the downhak signal sivength
from the macre BBS S0 can be larger than that of the pieo BRS 5. Froma
dovwrtfink perspective, 1 s often better to select an RBY based on downlink recetved
perwer, whereas from an uplink perspective, i would be better to select an RBS based

on the path Joss.

In the above scenwrio, 1 might be betier, frowm a system perspective, for a UE
0 conmect 1o the pico RBS 510 evey i the macvo dovwndink is smuch stronger than the
pice downlbink. However, JCHT across lavers would be needed when UEs operate

withii the region of the UL border 311 and the DL border 312 This avex is alse

8



WO 2012/176154 PCT/IB2012/053154

5o
TR

il

referred to as the o bnbalance vone Some form of interference cowwdinaiion across
the celf favers is especially imporiant for the downlnk constrol sipaliing. Hihis
interfevence sitation s not handled appropriately, & LR i the region between the L
and L, borders m FIG. 5 and conneciad 1o the pico RES 310 cannof recgive the

denwrdingk contred signathing from the pico RBS S

One approach for providing ICIC across fovers s tlustrated 1 FIGL 6, where
an mterfering macro RBS {downlink interferenve owards & pico RBS) aviids
scheduling vnicast raffie in centain subfames inplying that neither PROCHS noy
PRSTH socur in those subftanes, T such way, it is possible to create ke tiderforence
subirames, which can be wed fo prodsct pioo asers operating in the Hink imbalance
zone, a pioe user betng 8 UE connected to the picn RBS, The macre RBY mndicates via

i hackhau! tderface X2 1o the pice RBS wiich sebirames i will avord scheduling Uks

within, The pieocan then take this inforviation o secount when schedoling URs
operating within the ek mbslance conel such that these UEs are schedduled in
subrframes aligned with the low interfevence subftmmnes at the macrn layer, Lel in
interference protected sublframes. However, pico cell UES operating within the DL
bovder can be scheduled 1o all subivames, e m both protecied and nos-protected

subframes.

In priveiple, date ransmission i dilferent lavers vould also be separated m
the froqueney domabs by ensunag that schedaling deetsions i the twa cell layers we

by

nop~overtapping i the frequoncy domain, o8, by exchanging coordination messages
belween the different RBSs. For control sipnatling, this » difficult according to the
LTE spreifications where coired siynalling spans the foll bandwidih, and henee, a

tme-doman approach may be prefersble.

Ome way o deploy o network 15 to ot difforent RBSs (s.g.,
frsmsmissionreception poinia} forn separate cells. In other words, signals transantted
front or received o a poind are assoviated with a cell-id that i difforent from the celi-id

smploved for other nearby poimts, Typically, each point transmils s own wtqus
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signals fr broadeast fe.g, Physieal Broadeast Channed, PBCH} and syachronpsiim
channels (xy. Primary Synehromsation Signal, PSS, and Secondary Svachronisation
Signal 885}

The concept of a polit iy often wsed n conjunchion with techaigues o
eoordinated waltipownt {CoMPY. In iy comext, 8 poiyt corresponds to a setof
grtenas covering easentiathy the same geographical ared in & sirailer manger. Thasa
point might correspond e ong of the sectors at 4 site, but it may also corvespond to g
site having one or more sntenmas all intending o cover a similiy geographical aves.
Often, different potnts represent differewt siies, Antennas correspond to differan points
whaen they are suffioently peographivally separated andiéor having antenna diagrams
pointing in sulliciently different directions. CoMP technigues idraduce dependencigs
i the scheduling or transpussiondreseption aronng difteront potnts, o sontrast &
eomventional ceBudar systems wherg a pott from a scheduling point of view i3 operated

more o fess independently from the other poings,

This typica] strategy of one cell-id per point s depicted M FIG E fw g
heterogensous deployment where a sumber of fow power {pice) RBESy are placed
sithin the coverage area of o higher power macro RBR. Swilar principles also apply
o clansical wacro~-cellular deploviments where all points have similar cutpa povesy and

perhaps placed 1o 8 wore regular fashuon than what may be the case for o hetorogonenus

deplovaent. To FIG. 1, macrn RES 100 15 ilustrated having a coverage srea 3L The
coverage area 1 has coll-d 1 Within coverage area 101, dhee difforent low power
RESs 1@, 120 sod 130 are deplvved, Bach low power RES hay a voverags areg 1
121 and 131 respectively. The three differeni coverage arsas have their own spegific
cell-id, e, pioo cell 111 has celld 2, pico call 121 hag cell-id 3 and pico cell 131 has

cothad 4

Ay alternative to the tvpies! deplovment strategy 1s 1o instead et all the UBs
within the geographical sreg outlined by the coverage of the high power macro poing be

served with stgnals associated with the same celid. In other words, froma UE
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perspeetive, the recsved sisgnais: appear {0 be comiig from a single cafll Looking at
FRa L, all oells 101, 1L, 120 and 131 have the same cellid, g vellvd 1L Only one

by

wnere KBS 1K i showsn, and other macro points would vse different celbsds

{eorpesponding (o different collsy undess they are co-lnvated st the samwe st

o

§  {rosvesponding to other sectors of the mro sited. In the latter case of severad vo-
iocnted macro pomnts, the same celi-d nxay be shared across the co-looated pracre-
paints and those pico points that corvespond to the union of the coverage areas of the
macro poinds, Svachronisation, Broadeast Chammel, BOH, and control channels are all
trasmitted from the Tiph power point while data can be transmitted 10 & UE also from

L8 low power potats by using shaved daty transnussions PRSCH rebying on UE spenific
RS, Sach an approach has bewefits for those LBy capable of POSCH based on UB-
specific RS, while UEs only supporting CRS for PDSCH (which is fikely to o least
include all LTE Release 89 URs for Frequency Diviston Daplex, FDDY mast settle
with the trapsssion from the high power point and thus will not benefit in the

1% downlink from the deplovment of exta low power poinis,

The sngle coll-d approach 8 geared towards sttrations i which there s fast
backbanl comunanication belwean the pomts aasociated to the same cell. Ab sxaaple
rase pught beogn RBS serving one oy more secdors on @ muero keved as well @ having

faxt fhwe conpections 1o remete radio andts (REUS) playving the vole of the other poinis

sharing the smne cell-id. Those RRUs could represent low power pownts with one ov
more antennas each. Another exampls 19 whan all the poinis have a similar power elasy
with no single pobt having more significance in than the others. The BBS handles the

sighals froan all RRUs o o strotlar manner,

o

An advantage of the shared cell approach compared with the tvpicsl
3R appronch s that the typical bandover procedure betwesn RBSys ondy needs to be
imvoked on o maoro basis. Another advatage is that interference from CRS are greatly
reduced singe CRS do not bave 1o be ransmitted from every poinit. Thers is also
greater Hexibihty i coordination and schedutling smong the pobnts 30 the netwink can

avodd relving on the inflexible concept of semisstatically configured “ow tnterference”
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subrframes, as Hhustrated w FHG. & A shaved cell z:appra:z;ch alsrr allonws d.emupiin 2 of

sedection can be perff}mwd in uizﬁgéuk while not creating a severe terference ;}mﬁ‘}ie‘m
for the downlink, where the UE way be served by a transmission pomt different from
the point used in the uplink reception. Typically, this means that the UE's uplink
transpussions are recerved by 2 pico point, wiile the UE recelves dowslink

ranspussions from the macre poid.

According to 3GPP Relosse- 10 LTE, uplink power control (UL PCY s
perfonmed by estinating & path loss §PLY term and combiniag 8 with various UE-
specific and celi-specific power offset terms. An example power control (PCS formula
from Rel-10 iv in the form
Fepinl P, 0o IS Peba ¥ PLACY [dBnd {13

where Pue represents a cag on the ouipit power (i dBim}, M represents the scheduled

UL bandwidih, Po 15 2 UE- andfor exdbspenilic power offsel, @ is a celbspegific
fractional path lnss compensation factor, PL is an eetimate of the path koss performed
By the UE and C &s a correction temm possibly obtained as s combination of nmiiple

povesy correchion terne, posstbly meluding closed-loop power contrsd cormection tenms,

The UIE extimates the path foss PL based on the difference (n dB) between
the recetved power for cell-specific comman reforence signals {CRS) and the nominal
power of such reference signals
PL = reforeneeSiond Power — higher layer filtcred RSRP (23
wherergferenceNipnad Fower i configared by higher laver spgalling and RSRP &
dedined for the refersncs serving cell, Filtering of the RSRP may be vonfigured by
higher laver stgnalling snd performed by the UL The serving cell chosen as the
reference serving call and used for delermining referenceNignd Power and ugher layer

filteved RSRP 1 configured by the hugher fayver parameter pathioo Referencelinking.

A problem with aplink power controt is that decouphing the downdink

operations from the aplink operations does not apply to the UIUS open loop part of the
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outpnl power setitng because the UE regulates #s transnut power baved on the CRSs
and a reference powver fevel ransmitted by the RBS. In some cases, the open loop pan
of the power control way completely deternune the output power, e, when the UE &5
oty nsing opan-looy power control. I case the UE is served by o macro RBN inthe
deswrsivgk, the RERP measursment that detsrnnnes transmit power will ot take the pren
KBSy mto account, which mesas that the UE will tmsmit with a power fevel that
causes the recerved power i the pico RBS o be far above what is deternuned by the
Ul-speciic amdior cell-speciiic power offset PO The network may then employ elosed
oo power vontred o steer the UE s cutput power 10 & vahue that it sees . This can be
done by sending transit power commands, TPCs, m uphbok gumts o the UB The
TRC s peo-bit mstroction and cay be either an absolute setting or au secumalative
value, The acvanmlstive value, which would be remdred o controd the prawsr over a

larps dynanic range, akes one of the fowr vahues {1, 8, 1, 21 dB

Dye to the uneven outpud pewers of the different RBSs and since the CRS
are shared betwesn macro and pive BRSs in a shaved coll-1D sstting, the UE power
ontrol will be detvimental nwards achieving areg sphitting pains. Becaase the macro
RIS has a ouch higher outpmd power than pico RBSs, UEs that could be ssmved by a
pica RES m the uphink will oo oftens ragulate ther transmit povvar towarsds the maero
RBS even thoagh the macro KBRS bas a onwch {ower path pain that the pico RBS, This
power cutpat will kely create excesave interference within the cell and thereby
degrade the possibifity of multi-user access {e.g., SDMA) within the cell, Adso, the UE

power conswaption will be unnecessandy high i a 100 high outpat power is used,
SUMMARY

An object is & obviate at losst sonie of the problams cutlined sbove. In
particalar, 1 is s object o control the power at whech g conununiostion devies feg., 2
UEY tranamits snaplink signal. Advantageously, according 1o some embodiments,
there s provided a base stition systeas configured 0, among other things, {3 detect

whether o particudar UE i not usimy sn appropriste amonnt of powsr 1o st wpslink

1
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data {e g, the base station system may be configured to deternune whather the US
fransyaf power 1y 100 high) and (1) 8 respouse, ransmit a message & the UE
mstructing the UE 1o detect 8 power control RS {PCRS) that is itended only for the
;‘mriimim LUE In some ambodineniste g, ombodiments where the UE ransnuf powsy
s higher than desived}, the PURS 15 transmitted sach that the power (actual or nominal}
W the PORS a5 recetved by the UE s lugher than the power of the previous CRS
detected by the UE, thereby leading the UE 1o onlonlate a lower PL valug, which can

Jead o the UE Jowering s oulput poswer.

In one particular aspect, there is provided a method for controliing
gdyvianueally the power al which a conmmaucation device transniis an uplink sigmal In
sone embodimens, the method includes; transositing data (o the copmmmication
divive from 3 firet radio hase station (RBS) (e, 5 macro RBY such, for example, asa
macrs ¢NBY determiing, based on the power of a first uplink signal recotved at a
second RBS (2., 2 picoRBS such, for example, as a preoeNBland wransnutied by the
compmancation device, whether the tnanemission power of the comnpmunication device
should be adiosted (e.g., decreased or increased); and tn response 1o o determination
that the transnussion power of the conununication device shoald be adpsted,
sransantting from the frgt RBS anddy the second BBS, a cnmunivation device
speciiio reforenve signal. The conmnunication deviee is configured suoh that the
cornwnication device receves the reforence signal(s), determines a moeaswre of uphnk
transmisaion power level based on the recarvad reference signal(s), mnd transmits a
secmd uphk stpnal s the determined power fevel The step of deternuining whether the
gramsrnission powsr of the compuancation devies should be adjasted vy compnise
detsrmining the power of the first aplink signal and determining whether the
determined power of the first uplink signal exceeds a threshold, Yo other emboduments
it rosy compnise delernuning the power of the fivst uplink signal and deternuning

whether the determined power of the Jrst uplink signal ¥s lower than a threshold

In somoe enbadiments, i vesponse 1o a deternnnation that the transmission

perver of the comnmhication device should be adiusted, the Hrst RBS b used o
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frensind the commmaneation device specific reference signal. in other embadiments the
secrmd RBS is osed o transanit the comumupncation device specific reforencs sigmall In
atill other embodiments, the communication device specilie reference signal is
transputied by both the first RBS and the second RBS in responss 1o 2 defernunation

&  that the vansmission powsy of the compnenication devivce should be adpisted. 1n such
an minhodinment, the conwmunicntion device is configured such that the conwvunicstion
device combines the reference signal wansnutted fronn the first BBS with the reference
signad ransrnttted by the second RBS and uses the combined reference signals o

deternung the measure of aplink iransmuission powsr levad

10 in some embodiments, a controller of the second RES trmismiis 3 messaps to
& contratler of the first RBY in response 0 the determination that the transmission
power of the comprumication device should be adyusted, and the sevond RBS j¢ wsed o
transmit the seference signad afler the message 15 ransssitted 1o the et RBS. In soms
embodirnends, vt response (o reveiving the message transoiited from the second RBE,

15 the first RBS o used to fransnut to the covpmunication device reference signad
informstion (RS, wherein the RS indicates the resources that the second RES will

e fo transio the reference siwnal Ja sone smbodiments, the controller of the fist
RES ransmity the BB o the vontroller of the second RESin response i recaiving the

message ransoniied fom the second RBY, and the second RBS 35 used o tramsmdt the

reference signal using the resowrces identified by the RS in divect vesponse o the

controlfer of the second RES reveiving the RST from the controller of the first RBS.

The communioatint devige sperafic reference signal nay be a reference
signal for use by 2 second connmutication devies, such as & demodulation refrrence

signal that the second comnumication device uses to demodulate a sigaal

25 I anciher aspect, & buse station sysiern for controllmg dynamically the
power at which a comnrandcation device transynits s uplink sigual s provided. In
some embodiments, the base station xvstem s configured wordetect a first aplink stenal

transautied by the conunamication devicedetermine the power of the detested
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signabuse the determined power of the detected signal to determine whether the
commmunication devics showdd masmit @ second uplink sienal at a power different than
the power at which the compumication device ansiiied the Frst uplink signal; andin
response o detormining that the commaication device should wapsmit the second
spdiveky sdpemsal g @ different power:{1) transont, 1o the compmnication device, refersnes
§ignal dormation {RST) identifving transnussion resources, and (1) transont a
communication device specilic reforence signal using the wdentified mansnussion

rerournes.
Other aspects, embodirnents, and featares are deseribed balow,

BRIEY DESCRIPTION OF DRAWINGS
Fabodiments will now be described m more detail in relation to the

secompanying drawings, i whiche

FIG. 15 an architectire cverview of & macro and fow power RBS

deplovaent.
FIGR 15 an exsmphifving LTE downlink physical resource,
FIG3 Hustrates the LTE time~durmain stracture.

FIG.4 iastrates mapping of LTE physical control chanmels, data chanpels

and cell specific referenve signaly within a downlink subvframe.

FIGS dlustrates uplink and downlink coverage in a belerogenvous netwark

deployment.
FIGO itlastrates IO using low interference subirames i downlink.

FICET is an exemplifving heterogeneous network deploviment.

¥t
»‘.

FIG8 ix  Howcha of o nwethod sccording to an exenplifving embodimenn,
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FIGY i3 a flowehart of 2 mathod accarding (o another sxernplifying

embodiment.

FIG. 12 is o Yook diggram illusirating a controHer according o m

sxenmplifiving embaginment.

DETAILED DESCRIPTION

Diisclosed herein are methods and base station svatens for comtrodling
dynaicaily the power at whach g communication device (e.g., 8 UE} transmits an
uplink sigaal, PR 7 dlustrates an exanyple base station systern 700 in which the
disclosest mathods may be inplementad. Advantageously, base station system 700 may
be configured fo (a} detect whather 3 UE 15 nol using an approprisie amount of power
to transiui uplink data Gy, detect whether o UE {5 aying too minch poawar 1o fransmit
the uplink data} anad (b} w1 response, tarsmi § powsr control RS {PURS) (eg, s UE
spectiic PURS) and msiruct the UE o detect the power of the transoutied FORS and
use the detected power in sefung Us ows transmit power, by, for example, deternaning
a PL based on the detected power of the PORS, In this way, fiv example, base station
system F00 can dynamically cavse g UE o ransomt using less (or more} power by, for
exsmple, transnutting & UE specific PORS with relatively bigh {or low) actual power(or
reported power} than a previowsty transmitied RS {such as a TRSY, which may o may
aot have been sperific to the UE, or tranumiiting the UE speeific PORS fron an RBS
closer i {or favther from) the UE than the RES that tranamitted the provious RS,
thareby cansing the UR o caloulate & tower PL {or higher PLY, which can cnuse the HR

10 Rower (s e 1S tansas power,

This proposed soletion s axtremely fexable, B enables svstem T o change
the basis of the uplink power control on a subfrmme time seale, or even within a
sublvame from one resource hlock to another. Another advantage is that the
embodimnents decouple uplink power control fom the dowilinkCRSs and provides a
dyvnamic and extremely Hexible way for the network so control how the URY oper oop

power contirol should {unction, something that may b of inportance i fnture

15
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aliernative deplovinems. Additionaily, o soabies the possibality to adapt power control
to dynmwios i traffic conditions seen by a scheduler. Time domain wise, since power
control is concerned with long termy fading changes relating o UE positions, the PORSs
typicaty nead ol be sont as offen a3 e cument URBs, which ars sent svery subfiame.
The PORS may also be reased time-fresuiency wiss within the cell i they are
orthogonal i the spatial dosmn, They can even be sent on the same resources fromn
different nodes frov one sublrmme 1o the next, sopbling g very Tast way of controlling

the uphind transmdssions,

Further, propar areg splitting sains {or the uplink are enabled by controtling
the transmi power of & LI towards the node that has the lovwesst path oss, minuring
mterference beth (o the own cell and others. Yel another advaniage is the conservation
of LE butery Hife, The mnervation further provides the option for the network o control
the trade-off betwesn pertodicity aid devstty of power conttrol mieasuvenents versus

ineregsad control channel overhead.

Az shown in FIG. 7, exemplary bage station system 700 mclodes g magio

RBSs 100 {o.g, 2 mwuerd oNBj snd g number of paco RBSs 110, 120, and 130,01

P

course, base station systern 700 may include say number of wacro andéor preo RBSs.
As also showr, 8 controfier may be associated with (ep., conneciad W0 or part of) cach
RBS, More speeifically, as shown, contraller 102 15 sssociated with RBS 100,
controtler 112 15 nssocigfed with RBS 110 controdler 122 15 associated with RBS 124,
and controdler 132 15 ssaociated with RBS 130, In altermative embodiments, RBSs

TN 11, 120 and 130 may 2l be sssociated with the saoe controller. As usad herain,
the term RBS iz used broadly, Thus, an RBS may be an eNodeB, an RRU, o any typs

of ransmission poin e, a0 antennal.

&
o

Turntng now o PR, FIGL & is o Jow chant lustating 8 process 800,
according 1o sovne ewbodiments, for controlling dynanncally the power st which s

conunecation device fe.g., 8 UE, sach as UE 715} travsmits sy updink signal

16
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Process SO may begin s slgp B2, whers UE 7135 connedts i macro RBS
108, For exanple, a5 desoribed above, 10 step 802 UE 718 may: Bl and acqubie
synchronization 10 RBS 1Y, recesve and decode system information neaded to

commucate with RRS 160, and sccess RES 100 by o random-access procsdure. In

§  step 804, RBS 100 may grant uplink resogrces to UE 713, thereby allowing UR TS w

ransout uphok data i aphink signal.

I step BO6, UE 718 tranomity the aphok sizgnal asing the granted resouree{s).
The power at which UE 718 pansmits the uphink signal may have heen determined
based on o URS that was pransautted by macre RBS 104, as desoribed s the

10 background sectimy

B step B @ pice RBS {og, RBS 1) detects the uplink sigaal, determines
tha posvvey of the uplink signal and compares the power of the recedved updink signal
agmnst a power threshald, 1o step 810, RBS 11, based ow the companson, deterounes
that UE 718 is ransnutting using anyndesived sisount of power {e.g, too mach

15 powerhFor svample, o step AR, RES 110 mgy detesnuing that the power of the
received z.spﬁnk stgmal exceeds the tweshold, o step 812, RBS 110, m responsg o
determinng that LE 713 used on ondestred amount of power 1o wransnut the uplink
stenad and that the gasemission powar of LE 715 should be adjusted, signals RES 100
that UE 715 travsmit powse shoudd be adjusw(i.v For sxample, in sfop $12, controller

20 12 may sod to controlier 12 & message containing mformstion indicating that the

travsmission power of UR 718 should be decreased,

e step 814, in response to leannng that the ransmissia power of UE 713

should be adpestediz g, in vesponse {0 reestving the message), RBS 100 instructs RBS
H10 to transmi a POR&e.g., 8 UE specific PUCRS). For example, in step 4, controller
2% 102 of RBS 10U may transmil o comtrofler 112 of RES 110 a mossage weatifying the
PORS aud the pavticular set of downlink resources {e.g., obe or more resourcs
alomenia} and stracting RBS 110 w wansmit the wdentified PCRS using the identifted

donwnbink resourcss,
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I steps B15, a message crottaming reference sipnal inBrmmtun (RS

8
frausmitted to UE 713, by, for sxaanple, RBS [ or RES 110, The message may be 8
faver 3 message, such gs 8 radio resowrce contro! (RRCY message. The RS meluded i
the maseage mdicates the resowrcey {e g, resource elements) that will be nsed to
transmit @ PORS (see step 3161 The message may abo contan reference power

infornation wentifving o reference power {e.g., mformation identtding the nominal

power of the PURS ov the actaa! power st which the PURS will be transmitied in step
&16},

In step 816, i response B the message recarved i step K14, RBS 1
transeus 4 PORS using the downlink resources. For exampls, in cases where RBS 106
gransaans o RES 110 @ message wentifying a PCRS and downlink rescrces, RBS 1
nway tronsmit the idennified PORS using the idemnfied resourees. As another example,
mateand of transnatiing av RS identified h}f BRE 106, RES H may wansmiit g
demodalation RS (MRS} as the PCRS. The DMRS may be used by UE 713 o
deternune a PL salus and sx.:im@qu&n{iy the cutput power, and may alse be used by
another LIE being served by RES Hfep, UE T In such a case, the RS provided
to UE 715 sdentifies the resowress wed 1o transynat the DMRS so that UE 715 can
deteot the DMRS,

In some altormative envbodiments, RES 100 doss not porforns step 8§14 and
RBS 116 does not perform step 316, ruther, RBS 100, in response @ leamning that the
travsmission power of UR 718 should be decreased, tramymits the PORS using a
particular set of downlink resources. This alfemnative embodiment 1y reprasented by the

dotied lne connecting step 312 duesily with step 815, thereby bypassing step 314

In yet avother enbodbment, RBS 100 perforns step #14 and transmits the
PURS slong with RBS 110 (as well as zevo or more sddiponal RESs), For exanple, in
thiz embodiment, in atep 814, RBS 100 mstracts vot only RBY 100 to yansmut the
PORS ushig the particudar vesouress, but may also nstract one or move othery BBS {s.g.,

RES 120 and 138} to also transmit the PCRS using the same resourees. In this way,
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5T 3o combine the imnsmitis 3 i dedermining a measurs of uplink
UE can combine the ansmitted RSs i determinmy a meas fuphink

{ransnission power fevel

in stop £18, in response (o moeiving the message, UE 718 uses the RSl w

detect the PORS transnutied n step 816,

b In step 820, LUE 718 deternines 8 PL based on the detected PCRS. For
exumple, in step 820, UE 7138 determines the power of the recvived PCRS and
deternpnes the PL by detenmining the difforence betwean the identified reforence
peowe and the deteronned powsr of the received PCRE. o step 822, UE 713 may
adust ity transant power based on the determined PL. In step 824, UE 715 ranumils
10 ophnk data esing the pew power level The wplink data transmitted in step 24 moay be

thie sarne uplink data transnitted i step 806,

Az seen from the above, LE 715 may adjust s travsmit poser dynamically
hased on a PORS spectfic tn the T That I3, fiw sxample, a3 soon ag hase station
sysiem 700 detects that 3 UE is ranymitting with 100 nwch power, system: T can resct
15 dynanyoally by amediately ansonfting & UE specific reference signal and instracting
the UE to detect the power of the signal and adjusts 88 tansonl power based o the

actas! of reporied power of the UE specilic reference signal.

FIG. 955 & Bow chart iustrating a process 900, according to othey

senboshients, for controlling dynamically the power st which UE 715 transmits an

aplink signal. Process B4, like process 800 hegins with steps 802-818, which sre
described above. By step Y02, i vesponse to delermining that UVE 715 ased an

andesived amount o poowst 1o tmsmi 113 aplink data {e.g., the reogived power of an

f.-\

uplink signal tonsmitted frow UE 718 exceeds g threshold), pico RBS 10 informs

msere RBS of the UE's translt power. In step 904, i response 1o receiving the UE

3
}
i

25 powse information from pice RBS 110, macre RBY 100 sxiscts an appropriate

refergncg power value based on the UE’s transmit power, For example, if the UE's

-

fransuut power is e high, RBS 100 may seloct a relatively fow or high refovence

power. it step Y06, macro RBS 100 vansonta to LIE 715 o message comtaping the

ed
LB
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selected reference powsr vahue (the miessage may also contaty RS that wudicates
esourees that will be used 1o transmit @ PORS specific to UE 715). In step 308, mracro

RBS 10 ransoots 8 PORS, which muay be a PORS specifically for omdy LIE 714

The power at which macro RES inmeroits the PORS may or may not be
equal 1o the selected reference power. For exsraple, to avoid interference, sacre RBS
100 may ravsmit the PORS ysing the same power level it wsed o transmit the
munedaiely previoas BS {eg., CRB) that UL 715 used to set iy uphink st povwsy,
o this case, the selected veference power value will be fower than the soiual transmit
penvear of the PORS sothat UR 718wl caloulate a kwwver PL value, and heoce, redace
s eastput posver, In step SHE UE 713 detects the PCRS tramsmitiad in step Q08 After

sigp 910, process S0 continues with steps 820-824, which are described above,

Referring now to FIG. Hy, FIG. 10 Hlostrates a block diagram of a controller
{e.g., contreller 102 or 112}, according fo sowe cmsbodiments. As shown m FIGL 19,

.

the controller 102,112 say invlode: a datn processing system 1002 which nay inclade
oue o more data processing devives axch having opg or more mucwoprocessixs andor
QRE O 0TS Cirots, such as s application specific integrated oirawt (ASTC), Fleld-
progranunable pate mravs (FPGAS), sto a network fnterface 1003 for receiving
messages from other conroliers or network devices and ransmifting messages (o othar
cantrotier or network devices: an mterface 1004 for receiving data fromy and
irmsimitting data 1o RBS 11 & data storage system 1006, which pwy melude one or
maore computer-roaduble medbams, such as novevolatile storage devices andéor volutile

storape devives {e.g., raneln acoess mamory (RAMR

\\

in ewnbodiments where data processing svatem 102 inclades 8 processor
{2.8., 2 IICIOPIoCSssory, a conputer program prastuct 15 provided, which compuater
program product nchudes: computer readable program code 1043, which mypluments a
conputer prograw, stored on a conputer readable medummt 042, such ss, but not
tnited, 1o magetio media (e.g., 2 hard disk), optical media feg., a DVD, memory

g

devices {e.g., randiam accesy memory), etc. In somne smbodinents, conputer readable
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propram code HM3 is confipured such that, when executed by daia processing sysien
1062, vodel D43 causes the processing st 1002 to perforn steps described above
{e.¢., steps desonbe shove with reference o the flow chart shown in FIG. 8 sudfor the

flow chart shows in FIG. 9

{nr other exnbodiments, conoller 102, 112 muay be configuved o perform
steps desoribad above without the need for codeO43. For example, data processing
systeny 1002 muy consist merely of specialized hardware, such as one or morg
application-speciic mtegraied oivenits (ASICs). Hence, the featurss of the present
wverttion desoribed above may be inplementad in hardveare mwdfor software. For
sxanply, 1 some embodinents, the fanctional compoatents of congroller 132, 112
deseribed abave may be implomented by data processing sysiom 1R exeruting
compuer nstroctums H43, by dita provessing system 1002 operating indepeadent of
any computier mstractions M3 or by any settable combmation of bardware sadfor

sefbware,

While various embodiments of the pragent invention have been described
sbove, 1t should be understood that they have been presented by wiy of example ondy,
snd not odation, Thus, the bresdih and seope of the present vvention should not be

Hmted by any of the above-desoribed exenplary embodiments. Moreover, any

combination of the above-describad elements 1o all possible varntions thereof s
encompassed by the Brvention anless stherwise indicated heroin or stherwise clenrly

comradicted by comtext.

Aclditionslly, while the provesses described above and iustrated i the
drawings are shown as ¥ sequence of steps, this was done soledy for the sake of
ustration. Accordinghy, 8 s contprnplated that some steps may be added, some steps
mury be omitted, the order of the steps may be re-arnmged, and some steps ray be

performed iy paraliel
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CLAIMS

o A method for controthing dynamically the power at winch a
conmmncation device ransnuts an uphink signal, comprising:
tramspuitmg data to the communication device from a Brst vadio base station,

RBS: and

determbung, based on the power of a fist uphink signal recetved st o second

REBS and transnntted by the conmmanication devige, whether the trammission power of
the conununication device should be altered, characterized in that the method further
COMPHSEs

11 response 1o g determinaiion that the transmission power of the
connnancation device shoold be aliered, ransmitting Fow the st RBS andéor the
sevond RES, & commanication device specific reference signal, wherein the
communicating device 18 configured such that the communication devive reveives the
reference signal(s), dotermines a mreasre of uplink travsmission power level based on
the recetved reference signal(s), and tansmits a second uphink signal at the determined

power level,

X The method of clam 1, wherein, 1o response o s determination that the
sramanission power of the conwmutication devics should be altered, the first RBS s

used 1o transmit the eompnuucation device specific refercace sigaal.

30 The method of olaim 1, whersin, in respovas 1o a daternunation that the
fransrnieston ponvwey of the coanpmgnivation device should be ghered, the second RBS i

used o transon the communication dovice sperific refvrence sipnall

4. The method of claim 3, wheremn, 1o response o the defsrmination that the

transnussion power of the convnunication devies should be abiered, 2 controdler of the

7z
H

ny
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sormd RBS transnsis a massage 0 a confrollac of the first RBS and the second RBS is

gsed (o gansmil the reference signal after the message is tramsoitted to the first RBS

S The mathod of olaim 4, wherem, i response o receiving the message
sramsevitted froem the sevond REBS, the fust RBS s used & ransat &0 s
communication deviee reference signal information, REL wherein the R8T indicates the

resources that the second RBE will use o tansout the reforence sigoal,

f. The method of olgine 3, wherein,

11 TESpONSE 1o recmiving the message tansmittted from the second RBS, the
controfier of the fivst RBS ranzonts the RST to the controtler of the second RBS, and

the second RBS s used o transmit the referenve signal asing the resources
identified by the RAT in divect respons to the comrolier of the second RBS meeceiving
the BST from the controller of the first RRS.

7. Themetbod of any one of claims 3-6, wheremn the crenawnication devics
speciiic reference sipnal i & reference signal Yor wse by g second comunication

davive.

8. The methad of claim 1, wheretn the commumcation device specific
reference signal is transoutied by both the first RBS and the second RBS in respoase o
a determination that the tramansssion power of the conimotcation device should be

alerad.

@ The method of clum 8, wheretn the communication device i configared

such that the commumication device combines the reforence signal transmitied from the

irst RBS with the reference signal transmittad by the second BBS and uses the

combined reforence siguals o determine the yeasure of uphink transmission power

level,

Pni
At
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., The wethod of any one of claims 19, whereln

the first RBS 15 2 macro RBS and the second RBS is ot a macro RBS, and

the step of detervaimng whether the transmission power of the communication
device should be altered comprises defernuning the power of the st uplink signal and
dagrnnning wheihsy the determined power of the et aplink signal exgesds a

threshold.

FL A& base station systemy for controfiing dynanucaily the power at which
conumrtication device ransnuts an uphink signal, wherein the base station system
CONIPLISES!

ons of wore tadio base stations, RBS3, the one or more RBSs collectively

compwising electronic circuitry conflygurad o

detect a first uplink stysal ransmisied by the commumication doviegg

determing the power of the detected ¢ igmzi; andd

use the determined power of the deteqied signal to determine whether the
comimpucation device shaydd tosmit  seoond uphind styal gl a power differamt from
the power at winch the commnmication device tranpsmitted the Brat uplink sigoal,
characterized in that the eleciromic clrcuitry s further configwred un

i response o determining that the connmupication device should transny the
secomdd aphink signal at g different pover

- fransmi, o the conununicaion device, reference signal information, RRL
identifying transmassion rescgces, and

- transnat a compnmicanon device specific referenve sigayd using the identified

FHNSIIS ST FESOUICRS.

12 The base station systept of olaim 11, wherein

the one or more BBSs comprise a fivst radio base station, RBY, and a second

the first RES i configured to wavsmit the commupngation device specific
reference sipnal asing the wdentified tansmission reseurcss b response 1o the base

70y
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station sysiern deternuning that the conwnunication should ransmit the sevond uplink
signal at a different power, and
the second BBS is also configured to transmy the compmunication devie

speciic reforence sipnal waing the idennfiad rassmission ragourcas iy response to the

& base station systern determimng that g compaumcation devive shoold ransmit the

second uplink signad at o dufferent power,

13, The base station system of elaim 11, wherein
the ong oy more RBXs comprise a finst RBS and a secomd RBE, angd
10 a controlier of the second RBS 15 configured 1o
- use the deternuned power of the detected first uphink signal to determing
whethsr the commmunication device should fransont the second uplink gl at g
differsnt power, and
~ frsnsini aonessags 1o a controller of the first RBR in response deterniining thay
18 the commpnication device shopld transmit the second uplink signal at g different

pOWer,

T The base stanon svatems of claim 13 wherein

the congroller of the Brst RBS iy configured to use the first RES o transantt

7

S0 reforencs signal informanon & the compnpueaiion devics i response (o mogiving the
message transnutted o the controller of the second RBS, and
the R3] identifies ransmission resources.

b

E5. The bage station system of olaim 14, whersmn
2% the controtler of the first RBS iy configored fo tranamit the RS to the second
RBS i response 1o receiving the message transmitied from the controlier of the sscond

85,
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16, The hase statton systern of clawn 13, wherem the second RBS 18
configured to transmit the RS using e wdentiflied transoassion tesomoes 1 responss

to vecpiving the RS wansnuued from the controller of the firat RBY.

S 17 The base stgtion syateny of claim 11-16, whersin the conmmugcation
device specific reference signal 15 a reference suanal for use by a second

comnumioation device,

TS The base siation svsiem of any one of clafms 11-17, wherein the first EBR

PR . LR o

L0 s a tugh power base stanton and the second RBS s a low power hase station,

19, A method for dynamicadly coptrofiimg the power at which a
sormenicatinn device tansmits an uplink signal, wheretn the methed comprises:
detecting a first uphink signal ransotied by the communication device;
1% determining the powsr of the detected signsl; and
using the determined power of the detected signal to deteroune whether the
conmnartcation device shoold transmidt 3 second uplink signal o a posver different from
the power at wigch the compraication device trasmitied the Frss uplink signal,
vharacterized m that the method Savther conprises:
2@ 1 response o deternuning that the conmmanicstion device shonld fransnnt the
second uplink signal at o differsnt powen:
- travamitting, o the conmmucation device, reference signal ifornation, RRL
identifving fransmission resowes, and
- transnsiing @ communication device speifie refvvense signal using the

25 jdentified ransousson resQurees.

2 The methad of claim 19, further conprising:

frapseniiting, Som a first radio base statton, RBS, the conmnanication device
specific reforence stgnal using the wWentfled tanamission resowrces i response (o the

W&
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g

Kt

deternunation that the cornnunication should transmig the second uplink signal at a
different power, and

tranamitting, from g second RBS, the commumication device specilic reference
signal using the identificd assmission esources i regponse fo one of the first RBS
and the sevond RBS detersining that the commanication: devive shoald tramsant the

second uplink signad at o dufferent power,

21, The method of clabm 1, further comprising

using the determined power of the detected first uplink signal 1o determine, at g
second RBS whether the conmummcation device shouldd transnt the second uphink
signal at @ different power, and

ranspiiting & messags to 3 controlier of a first RBS in responise o delerniining
that the compumication devics shoutd transmut the second aphink signal at g different

power.

22 The method of olpm 21, further connpriging:
transmaiting reference sipnal wmlovmation Fom the rst RBS 1o the
conngcation device in reaponse o recetving the message wansnuted Hony the

gontrotler of the second RBS, wherein the RS identifies ransmission resources.

23 The method of claim 22, lurther compnising transnnging the RS fom the
firat RBS to the second RBS fn response (o recerving the message wansonitad from the
comtrolier of the second BS,

4. The mathod of clamm 23, further comprising wanamitting the RS from the
sevond RBS using the identilied ransnussion resourcss m response o receiving the

RET transoutied front the controller of the first RBS.

7y
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23 The method of any one of claims 19-34, wherem the conwpanioatinn

.

devics speeiiic refersnce signal 1s g reference signal for uss by 3 second

a3

congnunication device,

g 26, The methed of sy oue of claims 19223, wheredn the first RES ix a high

power base station and the second RBS 15 a low power base station.
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