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The invention relates to a method for v;ireless cellular uidoor
communications, the method comprising at least one base
station connected to a cell management unit through a first
digital connection interface, the cell management unit con-
nected to at leasi one RF hub through a second di ital con-
nection interface, and the at least one RF hub connected to ut
least one remote radio head throu+ a third digital connection
interface, the at least one remote mdio head providing service
in a certain cell area inside a contiued environment. aud ihe
cell management unit composing means for providuig eth-
cient load balancing at and between base siations tluough
acaptive cell reconligumtion; means for mapping carriers,
time. frequency or lime-frequency allocatious to individual
radio heads; means for alignment of individual delays accu-
mulated on the digital connections between the cell manage-
ment unit and each of the radio heads; means for syncluoni-
zation of the signals between the cell management unit and
the individual remote mdio heads; and means for failure
detection ofthe individual digital links beta een the cell man-
agement unit and the remote radio heads.
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METIIOD AND SYSTEM FOR WIRELESS
CELLULAR I."(DOOR COMMUNICATIO, (S

BACKGROUND OI'I IE INt/ENTION

[0001] The uivention is based on the priority application EP
0(1301157.1 u hich is hereby incorporated by reference.
[0002] The present invention relates to indoor conunuiuca-
tions systems, and particularly to wireless cellular communi-
cations systems in buildings and tunnel~.
[0003] Wireless communications systems are becoming an
increasingly widespread phcnmnenon of nlodcrn conununi-
cations. Since many users place an increasing number of
cellular calls or data tnnsnlissions within buildings or other
confined structures, there is a need to achieve high quahty
indoor covemge at appropriate capacity.
[0004] A conventional contiguration to extend a wireless
commluucations service e.g. C)SM or UMTS. from an out-
door enviroruumlt to an indoor area is shou n in FIG. I and is
clxiracteri zcd by the utilization of a repeater R tiuit is typically
Iocatix( within a building B to retransmit within thc building
a wireless sivptal Ws received at an external antenna A1 or
rctmnsmit outside the building the wireless signals Ws of
mobile stanons Ms, e.g. mobile phones, handheld computers
and the like, located inside the building B. In the downlink,
that is lvhen the wireless signals Ws from the external envi-
roiunent are transmitied to file mobile stations Ms inside the
building B, s ud outdoor wireless signals are passed along a
first connection Col to the repeater R lvhich fonvards the
sigiml along a second connection Co2 to a plumslity of intcr-
connccted amplifier,. Am. thc mnplitiers amplify the signals
winch are then transmitted over tile in-building antennas A2
to A4. In the uplink direction, that ls, when the wireless
slgimls Ws fiom the mobile stations Ms are transmitted to a

wireless intrastructure outside the buildulg B, the repeater R
receives said signals along connection Co2 and transmits
them along connection Col to the external anteiula Al.
[0005] It is also possible tlmt the repeater R of the indoor
communications structure ls replaced by a base station con-
nected to a conmnlnlcations core network along connection
Col. Typically, tlm infornuuion is distributed via analogue
signals inside the buildings and confumd armis.

[0006] Another known uidoor conmninicanons system
pmviding wireless cellular service is shown in FRi 2.A core
imfivork CN is conncmted to a base stauon Bs. The radio
frcqucncy (RF) signals from the base station or an off-air
rcpcatcr OAR are digitized into base hand signals in a base
station intcrthce BSI (and vice versa in uplink transmission)
and distributed in the fimn ofdata packets using data cables,
e.g. category 5 (CAI'5) or optical liber, to at least one Ethernet
switch ES. 11ie Ethernet switch ES then distributes the uifor-
mation to the corresponding remote radio heads Rill to RI14

serving a particul u cell area CI and C2. An example of such
system ls disclosed in Patenl Applicalion US 2005/0157675
Al An advantage of such systems is that limy provide a
cost-eilective solution due to tlm use or re-use of low cost
distribution cabling which is usually already present, totally
or partly, ln bulldulgs mid used for other types of digital
communications e.g. local arcs network I AN structures
using Ethernet protocol.
[UUU7] Using standard Fthemct switches„ceil configura-
tions can be achieved due to the sectonzation of data flow.

Normally, an Ethernet hub is needed in each Etheniet sector
for data distnbution in downluik and data packaging in
uplink. The hub function is placed in at least one of the

associated remote mdio heads. In complex systems, series of
Ethernet switches are necessary and bottlenecks of data tlow
are evident due to tlm I to n distribution characteristic of the
Ethernet switch resulting in limiting thc capacity of the net-
work.

SUMlvLARY Ol' HE INYI.N'I'ION

[0008] The object ol the present invention is to provide a

method and a system for wireless cellular uidoor commnni-
cat iona with improved cell and load balancing management.
[0009[ The obiect is aclueved by a wireless cellular indoor
communications system comprising at least one base stalion
roniiemtcd to a cell management unit tllrough a first digital
conlllmtloll nltcri'icix thc cell lntuulgclllclll anil collilcctcli lo
at least one RF hub thnlugh a second digital mmnccction

interface, and the at least onc RF hub connected to at least onc
remote radio head tllrough a third digital conncxtion inter-
face, the at least one renxlte radio head providing service in a

certaui cell area inside a confined enviroiunent,

[0010] the cell manngement unit conlprising
[D011] means for providing efiirienl load balancing at

and between base stations through adaptive cell
reconfigumtion,

[0012] me uis for mapping carriers, tune. frequency or
time-I'requency allocations to indil idual radio heads,

[0013] means for allgiunent of individual delays accu-
mulated on the digital connections between the cell
management unit and each of the radio heads,

[0014] means for synchronization of the signals
between the cell m umgement umt and the individual
remote radio heads.

[0015] means for failure detection of tile individual
digital luiks between the cell management unit and
the remote radio heads.

[UU16] Tlus ob)ect is further achieved by a method forwire-
less cellular mdoor communications, the method comprising

[0017] a base station tmnsmitting or receiving cail or
data infomlation to/from a cell nnnagement luut
thlQitbrh a first digital connection interface,

[0010] the cell nnnagenwnt unit tnsnsnlitting or receiv-
ing call or data information to/from at least onc RF hub
through a second digital connection interface. and

[0019] the at least one RF hub transnlitting or receiving
call or data information to/from at lmist one remote radio
head through a third digital connection interface, the at
least one remote radio head pmviding service in a certain
cell area inside a confined environment, and

[0020] the cell managcl'llcnt unit
[D0211 providing efficient load balancing at and

between base stations through adaptive cell rccon-
iigufatioll.

[0022] mapping mlrriers. lime. frequency or tinm-fre-

quency allocations to individual radio heads,
[0023] aligning individual delays accumulated on the

digital mlnnec (iona betw inn the cell management unit
and each of the radio heads.

[0024] syncluonlzing siyvtals between the cell man-
agement unit and the individual remote nldio heads.

[00251 detecting failure ol'the individual digital links
between the cell inanagcmmlt unit and thc rmnotc
radio heads

[0026] The system filr wireless cellular indoor conununi-
cations of the ulvention uses a cell management unit lvidl
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complex ma&Ox tune t&on. instead ofdistributed standard Eth-
ernet switches. for flexible cell miu&agement ofmulti-service
and multi-operator functions.
[0027] The cell management unit is the interface between a

m&mber of base stations and the Ethernet connection. It pm-
vidcs multi-funciions for a broad scope ofcomplex scenarios
of openuion, with multi-carrier. multi-service and multi-op-
emtor functions. and eflicimit data managmnent In this way,
the remote radio heads can bc used in parallel li&r diffi:rent
services and at diffi:rm&t functions, such as fi&r frequency
division duplex (I'DD] and time division duplex ('I'DD) The
remote rad&o heads are serv&ced by RF-Hubs sim&lar to the
orig&nal Ethernet 1mb fiulct&onality. Due to a compact
arrangement ot the cell management unit. data concentrat&ons
can be avoided and h& h data transfer can be achieved in
complex nein orks.
[0028] The cell management unit provides data manage-
ment in terms ofpackag&ng uid uldressing io the radio heads
in downlink mid un-packaging and addressing to the base
stations in uplink. Since the cell management unit pcrfonns
the frequency allocation of the reniote radio heads, cell man-
agement for different scrv iccs and operators can be achieved.
Cell managcmcnt can be perfomihxl mm&ually. by software
control or hwen automatically acaptive to current cell sce-
nanos.
[0029] Duc to a traffic activity control, un-used carflcrs in
remote radio heads can be dh-activated at locations of low
tratfic and can be shifted and activated in remote mdio heads
at locat&ons oflughtmflic. The load-balancing in base stat&ons

can be perfonued independently of the cell management
funct&on. In this way, capac&ty can foflow moving users in
con&plex buildingw such as airports. stations. eic.. with
dym&mic distribution of hot-spots.
[0030] Cost optmlizauon can be achieved when cell archi-
tectures nn&st no longer be designed for peak tmffic w&th

moving users all over the whole building. I'uriher cost opti-
mization is achieved using base stations with digital interface
and remote radio heads at dedicathx( locationw where capacity
and covemge is needed. Additim&afly, since infilrnlation is

distributed in digital bnsv.-band. cost-cffi.ctivc transpoi& can
be used or eventually re-used, such as ( ATS cabling and
optical fiber. Due to the I AN chamcter&stic of the digital
distribution infrastructure, the remote radio heads can advan-
tageously be easily relocated.
[0031] Radio heads can be designhxt using low-cost tech-
OOIO~ of mobile stations avoiding high Rl'ransmission
levels

BRII-11'l'5('RIPTION Oi'HH DRAWIN(IS

[003Z] An embodiment exmnple of the invention is now
explained w&th the aid of FIGS. I to 6.

[0033] FIG. I shows a flrsi B pical indoor communications
system structure, for ann)oy&e systems. according to the prior
ari

[0034] 1&IG. 2 shows a wireless cellular &ndoor conununi-
cations system, w&th digital distribut&on of s&gnals over Hth-

ernet, accord&ng to the prior art.

[0035] FIG 3 shows a first example of a isirclcss cellular
indoor conununications system. with separated cell configu-
ration, according to the invention.

[0036] FIG. 4 shows a second example of air&reless cellular
uldoor conunun&cations system, w&th overlapping cell con-
(&gull&t&on, t&ceo&'dnlg to ihe a&vent&on.

[0037] I'IG. 5 shoivs ml example of carrier distribution
accord&ng to the wireless cellular indoor conununications
method oi'he in~ention.
[0038] FIG. 6 shows an example block schen&atic of a wire-
less cellular Indoor comnn&nicat&ons system according to &he

lnvenfion.
[UU39J A first example of a wireless cellular indoor com-
a&un&ca&ious svstcnl stnlcture acco&'dnlg to ihc a&vent&on &s

shown in I'IG. 3, composing a core network CN, a base
station Bs. a cell management unit CMU, ul oif-air repeater
(OAR), di ital u&terfaces il to i3, RF hubs REIII and RIT12,
and rcmotc radio heads RHI to RH5

[0040[ In the downlink direct&on, connnunlcat&ons core
network s&goals intended for the mobile station ins&de the
indoor env&ronment. e.g. a building or a tunnel. are rece&ved

by the base station Bs. Said signals are then passed in digital
form fluough a lirst coru&ection u&ieri'ace it. e.g. an electrical
or optical connection using I',thernet protocol or of other
standards (c g. OBSAI or ( PRI ). &o thc cell m ulagement unit
('M f1. I'he cell management unit (.'MU performs data pack-
aging in doivnlink m&d forwards said digital packets through
a second digital connect&on interface iZ, e.g,. an electrical or
opt&cal connection using Ethernet protocol, to the RF Ihibs
RFHI and RFH2, which in turn pass the packets through a

third connection interface i3. e.g. ml electrical or opt&cai con-
nection us&ng Ethernet protocol. to the remote mdio heads
Rill io RH5.

[0041J Similarly, in the uplink direction, rad&o signals Ws
transmitted by the mobile stations located in the indoor envi-
ronment are received by the remote rad&o heads Rill to RI 15

and sent to the core network CN with data packagmg in the
RF Hubs.

[UU42J Thc base station is a conventional base station with-
out nsdio equipmcni The ccfl m:ulagcmeni unit ('.MU pro-
vides transparent operation of the radio heads RH I to RH5
from the base station and comprises standard digital inter-
faces to the base station Bs and to the off air repeater OAR, at
least one Hthen&et interface to connect the RF Hub s RF H I and
RFI IZ, an u&tefligent sw&tch&ng unit for data d&stnbut&on and
cell or ani&uiiion configurable &n size and iunctionality
according to system dimensions, a complex matrix f&u&ction

to combine diiTerent base stations with a munber ofRF hubs,
multi-service and multi-operator I'unciionaliiy for I'uil trans-
parency. flexible cell nlanagcment for static cell coniigura-
tions, automatic cell n&anagen&ent for adapt&ve cell configu-
latnlns.

[0043] The CMU preferably comprises the following func-
tionality (in a form &ndependent of the used air interface
sinn&la&&i):

[0044] n&cans for supporting efficient load balancing at
and betwccn base stations thmugh adaptive cell recon-
figuration, especially throuvP the shiiting of un-used
carriers from radio heads n&side areas of low tmffic load
to md&o heads ins&de areas off&gh traflic load, e g. means
lor individual load idenuficai ion for each carrier on each
of the rad&o heads by air interface act&vity detection and
inlcrlcrcnce sensing. Air inicrfahm activity detection
thereby is realized on the basis of the individually sup-
ported air inter face pmtoco la; nmmw for dc-activation of
un-used carriers pcr radio head on mi individual basis,
means for shifting carriers from md&o head~, where these
carriers are not used for rad&o heads with lugh load on
their active camera, means for act&vation ot the shifted
carriers at locations (radio heads) of high loading. The
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cell management umt mechanism of adaptive ceil re-

configuration thereby will neither require any changes to

the load baiancl llg iiieclialli siiis at or between the access
nodes (e.g. BTS, Node-B. Wil/FAX base station) nor any
dedicated massaging hem een access nodes and CMU
for supporting load balancing

[0045] mappuig means from camera or time, frequency
or time-frequmicy allocations to individual radio heads.
as identiiied e.g. tltroug their KIAC addresses or the
connectors of the respective digital lures to which the
radio heads arc conncctcd,

[0046] delay management means for alignment of the
individual delays accunndatcd on the digital connec-
tions bebveen the cell mmuigement unit and each of the
mdio heads.

[0047] means for syncluoruzation of the signals benveen
the cell ntanagement unit and the individual radio heads,

10048] failure detection means for the individual digital
links between the cell management unit and thc radio
heads.

[0049] The RF hubs provide data distribution to the remote
radio heads in downlink and data packaging in up)ink

[0050] The remote radio heads RH1 to RH5 are RI'ir
interfaces to users providing a digital intertiece to the netivork.
They are part of the BTS according to standards. such as
OBSAI or CPRI. The remote radio heads are equipped to
transmit fiiur carriers over thc full RF bandwidth of each
service but chamiel-selective at least in uplink ln this way, a
rmnotc mdio head can opmate individually fiir dedicated
operators only. Since frequency allocation ofeach earner can
be tuned remotely by the cell mmmgement unit CMU. the
remote radio heads Rill to RII5 can represent an inchvidual
cell and/or cmi be part of a greater cell. Thus, in both cases,
extension of capacity and/or coverage. can be achieved. Dif-

ferent types of rmnote radio heads can bc planned either for
FDD or I'or TDD operation

[0051] In FIG. 3, the wireless cellular uidoor conunuiuca-
tions system, according to the invenuon, is illustrated with
sepamted cell coniiguration, that is. a first RF Ilub RITII is

coniuected to two remote mdio heads RHI and RH2 which
provide service in a iirst cell area CI inside a certain iirst
indoor location arcs Al. and a second RF Hub Rl'H2 is

connected to three remote radio heads RH3 to RH5 which
provide service in n second cell area C2 inside a certain
second uidoor location area A2, and the first and second
indoor location areas Ai and A2 being isolated or separated.
On the other hand. I'IG. 4 illustrates a wireless cellular indoor
conuniuucations system, according to the invenuon. which
presents overlapping cell configuration. that is, nou the iirst
Rl'ub Rl'Hl is connected to tivo rmnotc radio lmads RHI
and RH2, RHI providing service in cell CI. and RH2 provid-
ing service in cell ('2. nnd cdls (' and ('2 overlapping in the
same indoor location area Al, and the second RF Hub RFH2
is connected to tluee remote mdio heads RH3, RI 14 and RH5
winch also provide service in ditferent overlapping cells Cl,
C2 at the same indoor location area A2.

[0()52] For the sake of gcncnliration, et)mr ceil configura-
tions, as the ones i)lustmtcd in the exmnp les ofFl()S. 3 mid 4,
ale possible according to the invention. I',ach remote radio
head can service a different cell area. or tv;o, or more, remote
radio heads can belong the same cell area. smd cell areas
overlapping inside a certain indoor location area or being in

difierent location areas. The RF hubs can be coiuiected to

remote radio he uls wluch serve the same cell or serve difibr-
ent cells.
[0053] FIG. 5 shows an example of earner distnbution
according to the wireless cellular indoor conununications
method of thc invention considering I'our carriers per remote
mdie lmad RH-I to RI I-N. The base station Bs provides the M
carriers ('al to (.'aM to thc ceil liiaii'tgeiiicllt ul)it CMI) wl»ch
in turn distributes it between thc at least onc RF Hub Rl-'H I
to X of thc next stage. Thc one or more RF Huis distribute
carriers I to 4 to a first rmnotc radio head RH-I according to
niedium access contml (MAC) addresses MAI to MA4 in the

Ethernet packets, curriers 5 to 8 to a second remote nacho head
Rl 1-2 according to MAC addresses 5 to 8, and carriers M-3 to
M to an N remote radio head RH-N according to MAC
addresses M-3 to M. where M Nx4.
[0054] FICr. 6 showsmiexampleblockschematicofawire-
less cellular indoor communicauons system according to the
invention. In the example of fiie figure the cell mamigement
unit CMU operates on eight base stations BSI to BS8 and on
eight RF IIubs RSII to RFII8 (but, of coursi.. more or less
bnsm stations Bs and RF Hubs could also be connected to the
(.'MU) hach base statiim can provide tiiur carriers at indi-
vidual services. The eight BS can cover different services of
ditferent operators. The network between interfaces 11 and
13 is fully tmnsparent, wlule the remote radio heads RH1 to
RH32 are dedicated for individual services.

I A u:ireless cellular indoor communications systmn com-
prising at least one base station connected to a cell manage-
ment unit through a first digital connection interface, the cell
niaimgcnient unit connected to at least mie RF hub throuvh a

second digital coiuiection uiterface. and the at least one RF
hub connected to at least one remote radio head through a

third digital connection interface, the at least one remote radio
head providing service in a certain cell armi inside a confined
ellviriillilletlk

the cell management unit comprising
means for providuig eihcient load balancing at and

betv een base stations throuJvt adaptive cell recon-
ftgtuatlon.

means for mapping carriers, tinm, frequency or time-
frequency allocations to individual radio heads.

means fiir alignnmnt of individual delays accumulated
on thc digital connections betu ccn thc cell nuinagc-
ment unit and each of the radio heads,

means for syncluonieaition of the silva)s betv,een the
cell managmnent unit and the individual remote radio
heads.

means for failure detection of the individual digital links
between the cell management unit and the remote
radio heads.

2. The wireless ccllulm indoor communications system of
claim I, wherein the means tiir supporting efficient load bal-
ancing coniprisc mcmts for shifting un-used carriers fmm
remote radio heads inside areas of low tmSc load to remote
mdio heads inside areas of high traSc load.

3. The wireless cellular indoor coiruuunications system of
claim 2. wherein thc nieans I'or slufiing un-used carriers from
rmnote radio hmids inside ames of lou traflic load to remote
radio heads inside areas of high traSc load coniprisc

means for individual load identification for each earner on
each of the mdio heads by air interface activity detection
and interference sensing,
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me ms for de-activation of un-used carriers per remote
radto head on an individual basis;

tncans for shifting carriors from mdio heads, where these
camera arc not used for radio heads with high load on
their active carriers,

means for activation of the slufted camera at locattons
where the remote radto heads are loaded over a prede-
tenuined value.

4. Thc wireless cellular indoor conununications system of
clailll 1, wherein tile carriers, tittle, frequency or tilne-trc-
quency allocations are tdentiTied through their MAC
addresses or the connectors of the respective digital fines to
v;luch the radto heads are cotutected.

5. The wireless cellular indoor conununicstions system of
claim h wherein the first. second mtd third digital interface is
an electrical or optical connection using I',thenmt protocol

6. g method for tvircless cellular indoor communications,
thc method comprising

a base station tmnsntitting or receiving call or data infor-
mation to/from a cell management unit through a first
digital connection interface,

the cell management unit tmnsmittutg or receiving call or
data infbrmation to/from at least one RF 1mb tluough a

second digital connection interface. and
the at least one RF hub transmitting or receiving cail or data

information to/from at least one rcmotc mdio head
ttmtugh a third digital connection interface. the at least
one remote radio head providing service in a certain cell
ares tnstde a confined envtronment, and

the cell management untt
provtding eAictent load balanctng at and between base

stations through adaptive cell reconhgttration,
ntapping carriers. time, frequency or time-frequency

allocations to individual radio heads.
aligning individual delays accuntulatist on thc digital

comtections between the cell nmnagemcnt unit and
each of thc mdio heads,

syncluonizutg stgnals between the cell management
unit and the indtvtdual remote radio heads,

detecting fatlure of the tndtvtdual digital links between
the cell management unit and the remote radio heads.
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