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502 receiving, by an integrated access backhaul node
from an integrated access backhaul donor, information for
ltmtting re-routing of data packets over one or more
wireless backhaul connections of an integrated access
backhaul network;

504 receiving, by the integrated access backhaul node, at
least one data packet over a first wireless backhaul
connection from an originating integrated access backhaul
nod8;

506 re-routing, by the integrated access backhaul node,
the received at least one data packet to the integrated
access backhaul donol over a secoAd wireless backhaul
conAectioA based oA the received lAformatioA for Ilmiting
re-routing.

Fig, 5

602 determining, by an integrated access backhaul donor,
information for limiting re-routing of data packets over one
or more wireless backhaul connections of an integrated
access backhaul network;

604 transmitting, by the integrated access backhaul donor
to one or more integrated access backhaul nodes of the
integrated access backhaul network. the determined
information for limiting re-routing of data packets to the
Integrated access backhauI cioAof'.
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702 determining a third wireless backhaul connection for
routing the received at least one data packet

703 Conditions for re-routing
have been meta

705 routing the
received at least one
data packet on the
thtrcl wireless
backhaul connection

704 re-routing based on the received information for
hmiting re-routing the received at least one data packet
over the second wtreless backhaul connection based on
at least one of a radio link failure and a congestion on the
determined third wireless backhaul connection

802 determine one or more unallowed wireless backhaul
connections for re-routing the received at least one data
packet based on the received information for limiting re-
routing ot'ata packets

804 determine a set of available wireless tackhauf
connections for re-routing the received at least one data
packet based on the determined unallowed wireless
backhauiconnections

806 At least one available wireless
backhau! connections

810 re-route the
received at least one
data packet back to
the originating
rntegratecl access
backhaul node

808 re-route the received at least one data packet over at
least one wireless backhaul connection of the set ot
available wireless backhaul connections
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RE-ROUTING IN AN INTEGRATED ACCESS
BACKHAUL NET3VORK

'I'I &('I IN i CA I. I&I I II.D

11&c present invention relates lo lhc field of wirclcss
couuuUnuuu&iu&s tultl, ulorc pBI&lcillallv, IL& rc-loiitnl ul Bu
integrated access backhaul nenvork

BACKGROUND

'll&is section is intended to provide a background or
context to the invention that is recited in the clain&s 'I he
description herein may include conceptc that could be pur-
sued, but are not necessarily ones that have been prev&ously
conceived or pursued. Therefore. unless othe&wise indicated
herein. wlrdt &s dcscnbcd &n tlus section is nol poor art to the
descnpt&on and claims &n this application m&d &s not admitted
to be prior art by inclusion in this section.

Inte rated Access and 13ackhaul (IAI3) is a wireless Io

backhaul and access technology introduced by the 3CiPP NR
Rel-1(i for 6th Cieneration (5G) New Radio (NR). The IAB
tecluu&logy enables extend&ng a radio access network (RAN)
with cells prov&dcd by IAB-nodes that arc co&u&ected by
wireless backhauls to gNBS, or IAB-donors, of thc RAN.

In New Radio, IAI3 technology relies on split gNB
architecture cons&st&ng of Centralized Unit (CU) and D&s-

tributed Unit (DU) in accordance with the 3CiPP TS 38300
of the Rel. 16 specifications IAB nodes perform only DU
functions. while CU functionality is hosted by an IAB-donor &0

(Donor). For commurucal&on w&lh a parent node lhal may be
another IAB-node or an IAB-donor, an IAB-node lx&sls a
Mobile 1erminat&on (M'I ) function corresponding to ldser
Equipment (IJE) operation or a part of the Ul: openst&on in
accordance with the 3CIPP 1 R 313 g74 Rel 16 specitications. &c

IAB-DU is considered a normal cell from the UE perspec-
tive.

During IAB opera)&on, btwkl&aul co&u&actions may sufii:r
from radio link fa&furca (RLFS). These Iailures may lead to
service intern&ption and degraded /OS for Ill:~ served by do

IAi3-nodes In such cases an iA13-node may re-route traffic
locally to an alternative connection I lowever, local re-
routing perfomled IAB-nodes may cauce loops. where 0 data
packet is routed through the smne IAB-nodes over and over.
Such loops cata&1 scrv&cc interruptions, excess load u& the
network, and eventually packet losses.

SUMMARY

11&e scope of protccuon sought for venous embodiments o

of'he u&van&ion &s sct out by the independent clam&s. The
embodiments. exmnples and features, if any. described in
this specitication that do not fall under the scope of the
independent cLaims are to be interpreted as examples useful
for understanding various embodimentc of the invenuon. Ss

Now, an unproved method m&d lccluucal cqu&pmm&l

implmnm&t&ng thc method has bccn mvcntcd, by which al
least thc above problems are alleviated. Various aspects
include a method. an apparatus, a computer program and a
non-trm&sitory computer readable medium, which are char- io
acterlzed by what is stated in the independent claims.
Various details of the embodiments are disclosed in the
depcndcnt cia&ms and &n the corresponding images and
descnpt&on.

11&escope of protccuon sought for venous embodiments sc

of the invention is set out by the independent claims 1he
embodiments and features. &f any, described in this spec&fi-
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canon that do not fall under thc scope of thc &ndcpcndcnt
clauns are to be interpreted as examples useful for under-
standing various cmbodimm&ls of'hc invent&on.

According to a first aspect, there is prov&ded an apparatus
composing at least onc processor and at least onc memory.
the apparatus being conhgured to receive. by an integrated
access baclJ&aul m&de from an integrated access baclJ&md
donor, information for limiting re-routing of data packets
over one or more wireless backhaul connections of an
integrated access backlrdul network,
rece&ve, by the integrated access backhaul node. at least one
dale packet over a first w&rclcss backhmil connection I'rom

an originating integncted access backhaul node;
re-route, by the u&lcgraled access backhaul node, lhe
received at least one data packet over a second wireless
baclJ&aul connection based on the received information for
lututul rc-I'oiitul

According to a second aspect there is provided an appa-
ratus composing al least onc processor Bnd Bl least onc
memory. said at least one memory stored with computer
program code lhcrcon. ihe al least onc memory m&d the
cmnputer progranl code configured to, with the at least one
pmcessor, cause the apparanis at least to perform: receive,
by an mtegrated access backhaul node fron& an integrated
access backhaul donor, infonuat&on for limitin re-routing of
data packets over one or more wireless backhaul connec-
t&ons of'& integrated access backhmil network,
rccctvc, by thc intcgrdlcd access backhaul node. al least onc
data packet over a first &vireless backhaul connection from
an originating integrated access backhaul node;
re-route, by the integrated access backhaul node, the
rece&ved at least one data packet over a second wireless
backhaul connection based on the received Information for
huutalg rc-lou&Big.

Accordu&g lo an cmbodimcnt, thc apparatus twcordu&g lo
the Iirst and scxond aspect &s configurixl to disable re-
routing, by the integrated access backhaul node, over one or
nx&re wireless backhaul connect&ons based on the received
information for limiting re-routin of data packets.

According to an enlbodinlent, the appamstus according to
thc Iirst and sixond esp&xi &s conligurcd to rc-route, by thc
in&agre&cd access bdclJ&aul node, llm rcccivixl al lcasl onc
dale packet based on lhc rccm& cd informat&on for lunitu&g
re-routing. when one or more cond&tions for reLmuting have
bcLO nlct.

According to an embodiment. the appamstus according to
the first and second aspect is configured to detem&ine, by the
integrated access baclJ&aul node. a th&rd w&relcss backl&aul
connection fol IUUnug thc lccc&vixi dl k Bst onc ildla packcl,
and rc-route, by lhc mlegratcd access backhaul node, bascxf
on the received infomiation for limiting m-routing the
received at least one data packet over the second wireless
baclJ&aul connection based on at least one of a radio link
fa&lure and a congestion on the determined third wireless
backhi&UI connect&on.

According lo an embodiment. thc apparatus accordu& to
thc first and second nspccl &s configured to delcnninc, by thc
integrated access backhmd node. One or more unallowed
v ireless backhaul connections for re-routing the received at
least one data packet based on the received information for
firn&t&n re-routin of data packets, determine, by the inte-
grated access backhaul node, a sel of available wireless
backh &UI ctuu&Lct&ous fol rc loiitulg lhc n I c&scil Bt least ouc
dale packet based on thc detennincd unallowed wireless
backhaul connections; re-route. by the mtegrated access
backhaul node, the received at least one data packet over at
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lcd st ouc wlrclcss backhBUJ coIUlccllon ol Ihc scl ofBCBllablc
wireless backhaul connections

Accordin to an enlbodiment, the apparatus accordulg to
the first and second aspect is configured to re-mute, by the
integrated access backhaul node, the received at least one
data packet back to the originating integmsted access back-
haul node. 11 lhc sct of dvilllablc % uclcss backhi&UJ connec-
tions for re-routing Ihc rcce&vcd at lcdsl one data packel fails
to comprise at least one available ivireless backhaul cnn-
ncctlon I i 1

According tn an enlbodiment, the apparatus accordmg to
the Jirst and second aspect is confi ured to maintain. by the
integrated access baclJlmd node, re-routing limitation infor-
ulduon biiscd on lhc uliorulauou hullcalhlg ouc ol nlorc
rc-routing lunilahons compnsing information for linu!ing
re-muting of Iksta packets comprises informatinn indicating
one or more re-muting hnlitations over one or nx&re wireless
backhaul connections based on one or mnre identitiers of
ori inatin integrated access baclJlmd nodes.

According to a third aspect. there is provided an apparatus 10

conlprlsulg dl ha&st onc processor Bnd Bl least onc Iucluoly,
thc apparatus being conligurcd Io detcrmule. by an Intc-

rated access backhaul donor. information fnr limiting re-
routing of data packets Over one or more wireless backhaul
connectinns nf an Integrated access backhaul netv nrk; trans-
mit, by an integrated access backhaul donor to one or more
integrated access backhaul nodes of the integrated access
baclJlaul network, Ilm detcrmuled ulibnnauon I'Or linu!ing
rc-routing of dale packets.

Accordin to a fourth aspect there is provided an appa- 30

ratus comprising at least one pmcessor and at least one
memory. said at least one memory stored with computer
progranl code thereon, the at least one memory and the
computer program code configured to. with the nt least one
processor. cause thc apparatus al least lo perfi&nn: delcnnule, ls
by an uuegrated access backhaul donor, ufibmlation for
llulluug rc-IUUIulg of ilBIB p Ickc'Is over onc 01 Biol c w n I liws
backhaul cnnnections of an integrated access backhaul net-
work; transnut. by an Integrated access backhaul dnnnr to
one or nlore integrated access backhaul nodes of the inte- do

grated access backhaul netv orl . the determined infomiarion
for Jmuling re-routing oi'ata packets.

According lo an embodiment, thc appardlus accordulg 10

the third and lburth aspect m coniigured to dctcrnunc, by thc
integrated access backhaul donor, informatiim for limiting
re-muting of data packet~. based on a nenvork topology
anc/or routing confimirations of the one or more integrated
access backhaul nodes, of the integrated access backhaul
network.

According Io B lifth aspect there is provxlcd a method 0

comprising: race&ving. by an ultegralcd access baclJiaul
node front an Integrated access backhaul donnr, infnrnlation
for limiting re-muting of data packets Over one or nlore
ivireless backhaul connections of an integmted access back-
haul netivork, &1

rive&vulg. by thc ultcgralcd access backlmul Ix&dc, at least
onc data packet over a Jirst wirelcss backhaul coiulection
from an ongioat&ng Integrated access baclJlaul node.
re-muting, by the integrated access backhaul node. the
received at least one data packet over a second wireless ic
bacldiaul connection based on the received information for
limiting re-routing

According to a sixth aspect thcrc is provided a method
comprising: dctcnnining, by an integrated access baclJiaul
donor. infonnahon for hmiting rc-muting ol data packets ss
over one or more wireless backhmil connections nf an
integrated access backhaul nenvork;

transm&tting, by thc intcgrdlcd access backhaul donor Io onc
or more integrated access backhaul nodes of the integrated
access backhaul network. thc detennulcd uli'ormauon lor
huutulg rc-louhng 0I datd pdckcbu

According to a seventh aspect there is pn&vided a com-
puter program comprising instructinns for causing an appa-
ratus to perform at least the following:
receiving. by an integrated access backhaul node from an
inte rated access backhaul donor„ infomlation fnr limiting
rc-routulg oi'ata packets over onc or morc wirclcss back-
haul couuccuons ol dn nucgidtcil access bBclJldUJ nc'Iwolk,
receiving, by the integrated access backhaul node, at least
one data packet over a first ivireless backhaul connection
from an ori inatin integrated access backlmul node; re-
muting, by the inte rated access backliaul node. the received
at least one data packet over a second wireless baclJlmd
conniotion based on the received ulformation for lunilulg
rc-rOUuug.

According to an eighth aspect there is pn&vided a non-
transitory computer readable medimn con&prising program
instructions for causing an apparatus to perform at least the
fbilowlug:
receiving. by an integrated access backhaul node from an
integrated access bdcklrdul donor, ulibnuauon for lunitulg
rc-routulg oi'ata packets over onc or morc wirclcss back-
haul connectinns of an inte rated access backhaul net&vork;
receiving, by the integrated access backhaul node, at least
one data packet over a first wireless backhaul connection
from an ori inatin integrated access backlmul node; re-
muting, by the inte rated access backliaul node. the received
al least onc IJBIB packet over a second wireless backlmul
conniotion based on the received ulformation for lunilulg
le-routlflg

According to a ninth aspect there is pmvided a computer
pmgram comprising instructions fnr causing an apparatus to
pcrfbml BI JcBst thc foliowiug:
determining. by an integrated access baclJlmd donor, infor-
uuulou for huuung rc-ICUhng of ddla packcm ovcl ouc ol
morc w&rcless baclJldul connections of an ultcgralcd access
backhaul nehvnrk;
transnlitting, by the integrated access backhaul donor to one
or nlore integrated access backhaul nodes of the integrated
access backhaul nehvork, the determined information for
limitin re-routin of data packets.

Accordulg to a tenth aspect there m providixi a nim-
transilory compuu:r rcadablc medium compnsing program
instmctions for causing an apparatus to perform at least the
following I

determining, by an integrated access backhaul donor, inti&r-

mation for limiting re-routing of data packets over one or
more v ireless backhaul connections of an integrated access
backhaul nctw ork,
transm&tting, by thc intcgrdlcd access backhaul donor Io onc
or nlore integrated access backhaul nodes of the integrated
access backhaul network. the determined information fi&r

linutin re-routing of data packets.

BRIEF DESCRIPTION OF THE DRAWINGS

I nr a more complete understanding of the example
embodiments. reference is now made to the followin
descriptions taken in connection with the accompanyin
drawulgs hl which:

Flfi I shows a part 01'l exemphfying radio access
network;

lil(i 2 illustrates ml example of JAB network architec-
hire;
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FIG. 3 ill ustrutes un example oi'lulk redundancy mid route
redundancy of an IAB network:

FIG. 4 illustrates au cxtunple of a rouung loop m an IAB
network:

Fl(i 5 illustootes an example of a method for an integrated
access backhaul node:

FI(J. 6 illustrates an example of a method for an integmted
access backhaul donor:

FI(J. 7 illustrates on example of a method for detenuining
Ic-loutulg: Bail 111

FIG. 8 illustrates an cxmnplc oi'a method lor dctcmunlng
re-muting based on available wireless backhaul connections.

DETAILED DESCRIPTION OF SOME
EXAMPLE EMBODIMENTS

'lhe follov ing describes in further detail suitable appara-
tus and possible mechanisnls for lilniting re-routiag in
integrated access backhaul network. While the follov.ing
focuses on S(i networks, the embodiments os descnbed lo
further beloved are by no mctms hmltcd to be implcmcntcd In
smd networks only, but they arc apphcdblc ul any network
incorporating integrated access backhauls.

J.Jse of ordinal ternls such as "first," "second," "tlurd,"
etc . in the clainls and descnption to modify a descnbed
feature does not by itself connote any priority. precedence,
or order of one described thature over another or the
temporal order ul which acts of a mclhod are performed, but
dre used merely as labels to dlstm ulsh one descnbed
feature lmvin a certain name from another described feature lo
having a same nanle (but for use of the ordinal ternl) to
distinguish Ihe descnbed feature

In the following. difi'erent exemplit'ying embodiments
will be described usin, os an example of an access archi-
tecture to wluch the embodiments may beapplied, a radio li
access drclutccture based on Lung Tenn Evolution
Advanced (LTE Advanced, LTE-A) or new radio (NR, S(i),
without restricting the enlbodiments to such an architecture,
holvever. A person skilled in the art appreciates that the
enlbodiments may also be applied to other kinds of corn- do

municotions networks having suitable meaos by adjusting
parmnetcrs and proccdurcs approprmtely. Some ex anples of
other options filr suitable systems are the universal mobile
telcconuuunlcauous systmu (UMTS) radio access network
(UTRAN or I:-J.J'I RAN), long term evolution ([,I'IL the
same as I:-J.J'I RA), wireless local area network (WI AN or
WiFi), worldwide interopemobility for microwave access
(WIMAX). Bluetoothg. personal conununications services
(PCS). ZISBCCII, wldcbaud code division muluple access
(WCDMA). systems using ultra-wideband (IJWB) teclulol- o

ogy, sensor networks, mobile ad-hoc networks (M%NETS)
and internet protocol multunedia subsystelns (IMS) or any
combination thereof I'he conumulication network or the
radio access architecture may also be a funlre network or
arclutecture, being planned ond/or specified. such as so ls
callml 6G network/radio access archltccturc.

FIG. I depicts cxtunples of slmphiied system architm-
turcs only show ulg some elements dnd funcuonal mltltics,
all being lo ical units, whose implementation may differ
fmm lvhat ls shown '1 he connections shown in liq(i I are io
lo ical connections; the actual physical connections moy be
difi'erent. It is apparent to a person skilled in the art that the
system typically composes also other funcnons and struc-
tures thml those shown ln FIG. 1. The mubodiments are not,
hovvcl cr, rcstrictcd to thc system given as an example bul a si
person skilled ln the art may apply the solution to other
comnnmicatlon systems provided lvith necessary pmperties.

Thc cxlunple of FIG. 1 shows a part of au exemplii'yulg
oodio access netvvork

lll(i I shov,s user devices 10(t and I(32 configured to be
ln a wu'class connection ou ouc ol ulol'c couuuuulc;ltliul
channels in a ceil lvith an access node (such as (e/g)NodeB)
104 providing the cell. The physical link from a user device
to a (cig)NodcB ls called uplink or reverse lulk and the
physical lurk Ihom thc (c/g)NodcB to thc user device Is
called downlink or forward link It should be appreciated
that (e/g)Nodel3s or their functionahties nlay be imple-
mented by using any node, host, server or access point etc
entity suitable for such a usage.

A conununication system typically comprises more than
ouc (cig)NodcB in which case the (e/g)NodcBs may also bc
configured to commulucate with oue another over hnks,
v ired or wireless, desig/ted for the purpose. 'I'hese links Inay
be used filr signaling, purposes. 'I he (e/g)Nodel3 is a com-
puting device colufigured to control the radio resources of
conununication system it is coupled to. The NodeB may also
be referred to as a base station, an access point or any other
type oi intcrfaculg device including a relay station capable
of operating in a wireless cnvironmcut. Tllc (c/g)NodeB
includes or is coupled to Irmlsceivers lirom the tnonsceivers
of the (e/g)Nodel3. a connection is provided to an antenna
unit that establishes bi-directional radio lmks to user
devices. The antenna unit may comprise a plurality of
antennas or antelula elements. The (e/g)NodeB is thrther
conniwtcd to core nctw orl 110 (CN or next gcucration core
NGC). Dcpcndlng on thc system, thc counterpart on thc CN
side can be a serving gateway (S-(iW, routing and forward-
ing user data packets), packet data network gateway
(P-(iW), for providing connectivity of user devices (IJI is) to
external packet data networks. or mobile management entity
(MME), etc. The CN nlay comprise network entities or
nodes that may be rcfbrrixl to munagmnent ca/Ilies.
Exmnplcs of thc nctv, ork mlti ties comprise at least an Access
and Moblhty Management Function (AMF)

I'he user device, also called a user equipment (U1 i), a user
terminal, a terminal device. a wireless device, a mobile
station (MS) etc.. illustrates one type of on apparatus to
which resources on the oir interface are allocated and
assigned, mid thus any fcaturc descnbed hcrcin with a user
device may bc lmplemcntcd with a corresponihng network
apparatus. such as d relay node. an eNB, aud an gNB. An
exanlple of such a relay node ls a layer 3 relay (self-
backhauling relay) towards the base station

The user device typically refers to a pot(able computin
device that includes wireless mobile communication devices
opcratulg with or without a subscriber ldmlulicdtlon module
(SIM), including, but not limited to, thc followulg types of
dcviccs: a mobile station (mobile phone), smartphonc, per-
sonal digital assistant (PDA). handset. device using a wire-
less modem (alarm or measurement device. etc.). laptop
and/or touch screen computer, tablet. game console. note-
book, and multimedia device. It should be appreciated that
a user device may also bc a nearly cxcluslvc uplulk only
device, of which an cxtunple ls a cmnera or video camera
lolldulg Budges ol vulco clips til B network A uscl dcvlcc
may also be a device having capability to opeoote In Internet
of11nngs (IoT) network which is a scenario in which objects
are provided lvith the ability to transfer data over a netv'ork
v ithout requiring human-to-Inlman or human-to-computer
interaction. Accordulgly. thc user device may be an IuT-
dcvicc Thc user dcl ice mdy also utlhzc cloud. In some
dpphcB(tons, d uscl dcvtcc ulay'oulpnsc B suldll poltBblc
device v ith radio parts (such as a lvatch, earphones or
eyeglasses) and the computation is carried out in the cloud
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Thc user dcv&cc (or in some embod&ments a layer 3 relay
node) is configured to perform one or more of user equip-
ment fiu&ctionalit&es 'lhe user device may also be called a
subscriber unit, mobile station, remote terminal, access
terminal. user terminal or user equipment (UE) just to
mention but a few names or apparatuses.

xfanous tccluuqucs dcsunbcd herc&n may also bc appi&cd
to B cyber-phys&cal system (CPS) (B system of collaboratutg
compmational elements controlling physical entities) ('PS
nlay enable the in&plen&entat&on and expk&itation of massive IB

amounts of interconnected I( T devices (sensors, actuators,
processors m&crocontrollers, etc.) embedded in physical
objects at different locat&ons. Mobile cyber physical sys-
tems. m whwh thc phys&cal system in quesnon has mhcrmlt
mob&lily. arc a subcategory ol cyber-phys&cal sysImns.
I:xamples of mobile physical systems include mobile robot-
ics and electronics transported by humans or animals

Additionally. although the apparatuses have been depicted
as single entities, difi'erent units. processors and/or memory
units (not all shown in FICi. I) may be implemented. Io

5G enables us&ng multiple u&put nu&lnplc output
(MIMO) antmutab many morc base su&t&o&w or nodes than
the l1 i! (a so-called small cell concept), including macro
sites operating in co-operation with smaller stations and
employina a variety of radio technologies depending on
service needs„use cases and/or spectrum available. The
access nodes of the mldio network form tmnsmission/recep-
uon (TX/Rx) poutts (TRPs), and thc UEs arc cxpcmted to
Bcciss networks of at least panly ovcrlappu&g muln-TRPs,
such as nlacro-cells, sn&all cells. pico-cells, femto-cells, lo
remote radio heads. relay nodes. etc )1&e access nodes may
be provided with Massive MIMO antennas, i e very large
antenna array consistin of e.. tens or hundreds of antenna
elentents. implemented in a single antenna panel or in a
phuahty ol an&cans panels, i apablc OI usulg B phuahtv ol li
simult;mcous rad&o beams I'or conunu&ucat&on w&th &hc UE.
Thc UEs may bc prov&dcd with MIMO ante&uxis havutg an
antenna army consisting of plurality of antenna elentents
a k.a patches, implemented in a single antenna panel or in
a plurality of antenna panels. Thus, the UE may access one Bo

TRP using one beam, one TRP using a pluraliry of beams,
B plurahty of TRPs us&ng onc (couunon) be;m& or a plurality
of TRPs us&ng a plurality ol'mms.

5G mob&lc conmtun&canons supports a w&dc range of usc
cases and related appl&cat&ons including video streanting,
aug&nented reality, different ways ofdata sharing and various
fonna of maclune type applications (such as (mass&ve)
machine-type communications (mMTC). includi»g velucu-
lar safety, dilfbreut sensors and real-umc control. 5fi &s

cxpccted to have mult&pie rad&o interfaces, namely below 6 o

GHz. cmWave and mmWBvc, m&d also capable of being
integrated &vith existing legacy radio access technologies,
such as the I:ill Integration with the I,lqi may be imple-
mented. at least in the early phase, as a system, where macro
covemlge is provided by the LTE and 5G radio interface ls
access comes I'rom small cells by aggregation to thc LTE In
other words, 5G &s planncx) to support both utter-RAT
operability (such as LTE-5G) mtd inter-Ri operab&lity (uttcr-
radio interface operability, such as below 6 G)is~a&-
Wave mmWave) One of the concepts considered to be io
used in 5Ci networl s is network slicin. in which nu&ltiple
independent and dedicated v&rtual sub-networks (network
instances) may bc crea&cd witlun Ihe same u&frastructurc Io
run services that have diffi:rent rcqu&rmncnts on latmtcy,
rehab&lity. tl&roughput m&d mobihty. Si

1he current arclutecture in I I'I i nenvorks is fully distrib-
uted in the radio and fully centralized in the core network.

Thc low latency applmauons and services &n 5G rcqu&rc to
bring the content close to the radio winch leads to local
break out and multi-access edae comput&ng (Mi&G). 5(i
enables analytics and know)ed e generation to occur at the
source of the delta. This approach requires leveragin
resources that may not be continuously connected to a
network such as laptops. snu&rtphoucs, tablets and sensors.
MEC provides a d&suibutcd computing m&v&mnmcnt for
application and sen:ice hosting It also 1&as the ability to store
and process content in close prox&mity to cellular subscrib-
ers for faster response time iidge computing covers a wide
range of tecimologies such as ivireless sensor networks,
mobile data acquisition, nulbile signature analysis, coopera-
t&ve d&stnbutixl pccr-to-peer ad Ix&c network&ng and process-
ing also classffiablc as local cloud/fog compuung Bnd gud/
mesh computing, dew computing, nlobile edge computing,
cloudlet, distributed data storage and retrieval, autonomic
self-healing nenvorks. remote cloud serv&ces, augmented
and virtual reaiity. data cachin „ Internet of Thin s (massive
connect&vity and/or Lltency critical). entice) communica-
t&ons (Iuuononlous vchlclcs. &raffu: sufctyl I'cal-Iuuc BBBI)'1-

Ics, tune-cnl&cal control, hcalthctuc Bpphi at&ons).
I'he comim&nication system is also able to communicate

with other networks, such as a public switched telephone
network or the Internet I f2. Or utilize services pnlvided by
them. The conununication nenvork may also be able to
support the usage of cloud services, for example at least part
of core network opcrauons may bc carried out as a cloud
serv&cc (tlus &s dep&ctcd &n FIC) 3 by "cloud" 114). Thc
communication system may also compose a central contml
entity, or a like, providing facilities for networks of different
opeultors to cooperate for example m spectn&m sharing.

Edge cloud may be brought into rad&o access netv'ork
(RAN) by utiiizing net&vork function virtualization (NFV)
and software defined networking (SDN). Usu&g cdgc cloud
may mean access node opera&&ons to be camed ouL at least
partly, u& B scrvcr, host or node opcrat&oually coup)cx) to B

remote radio head or base station conlprising radio parts it
is also possible that node operat&ons will be distributed
among a piurality of servers, nodes or hosts. Application of
cloudRAN architecture enables RAN real time functions
bc&ng carried out at Ihc RAN sale (e.g. &n a dwtubutcd u&ub

DU) and non-real t&me lime&iona bc&ng cerned out m B

central&zed m&uu&er (e.g. u& a central&zcd un&1, CU 100).
It should also be understood that the distributiicu of labor

between core network operations aud base station operations
may d&ffer from that of the LTE or even be non-existent.
Some other teclulology advancements probably to be used
are Big Data Bnd al)-IP, winch may change the way networks
are bc&ng constructed and managed. 5G (or ncw radio. NR)
networks Brc being dcs&~ted to support muluplc lucrarclues,
where Ml IC servers can be placed be&ween the core and the
base station or node)3 (gNI3) It should be appreciated that
MEC can be applied in 4G networl s as v ell. The gNB is a
next eneration Node B (or. new Node B) supporting the 5G
network (i.c., thc NR).

5fi may also utilize non-terrestrial nodes 106, c.g. access
nodes, to enhance or complement thc covcmgc of 5G
serv&ce, for example by prov&ding backhauling. wireless
access to wireless devices, service contim&ity for machine-
to-machine (M2M) conununication, service continuity for
Internet of Things (IoT) devices. serv&ce continuity for
passcngcrs on board ol'&chic)as, ensuung scrv&cc availab&l-
iIy for crit&cal conuuunicalions and/or ensuring scrv&ce
av&ulabil&ty fbr future railway/mautnue/aeronaut&cal com-
nn&nications 'I'he non-terrestrial nodes nlay have fixed posi-
tions with respect to the )iarth surface or the non-terrestrial
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nodes may be mob&lc non-tcrrcstr&al nodes that may move
with respect to the I &arth surface. The non-terrestrial nodes
may compose satellites and/or I ligh Altitude Platfouns
Stations (I IAPS s) Satelhte conununication may ut&hze
eostationary earth orbit (CiEO) satellite cystems. but also

low earth orbit (LEO) satellite systemc. in particular mega-
consu:lie(iona (systems &n wluch hundreds ol (nmlo)satel-
lites are deployed) Each satclhte ui thc mega-cons(ella&&on
nlay cover sevencl satelhte-enabled netv;ork entities that
create on- mund cells I'he on-ground cells may be created &o

through an on-ground relay node 104 or by a gNI) located
on-vround or in a satellite.

A person skilled in the ar( appreciates that the depicted
sv'stc&11 Is univ'll cxdnlph: ol a pdl( of &I Iddlo Bcccss sy'sn:nl
dlld hi plactu:c, tile sy'stcul ll&Bv co&lip&lac a plurllhtv of I

(e,'g)Nodel)c. the user device may have an access to a
plurality of radio cells and the system &nay comprise also
other apparatuses, such as physical layer relay nodes or other
network elements. etc. At least one of the (e/ )NodeBs or
may be a Home(e/g)nodeB. Additionally, in a geographical Io
arcs oi a rad&o conunun&canon system a pluralily of ddfi:rent
k&nds of rad&o cells as well as a plurah(y of mdio cells may
be prmided Radio cells may be macn& cells (or umbrella
cells) &vhich are large cells, usually having a diameter of up
to tens ofk&lometers, or smaller cells such as micro-. femto-
or picocells. or so-called small cells. The (e/g)NodeBs of
FRJ. 1 may provide any kind of thece cellc. A celluksr radio
sysu:m may bc nuplemcntcd os a mult&layer network ulclud-
ing scvcral kinds of cells Typ&cally, ul mult&layer networks,
one access node provides one kind of a cell or cells. and thus &o

a plurali(y of (e/g)Node13s are required to provide such a
net&vork structure

The actual user and control data from network to the I JEs
is transmitted via dov nlink physical channel~, which in SG
include Physical downl&nk control chtuulcl (PDCCH) wh&ch &c

cdrucs the accessary downlink control uiformauon (DCI),
Phys&cal Dow nlulk Sharcxl Channel (PDSCH), which carncs
the user data and system mfi&rmation for user. and Physical
bmadcast channel (PI3GII), which carries the necessary
system infi&rmatiOn tO enable a UE to access the SC( network. SO

The user and control data from UE to the neuvork &s

hans&nit(cd via uplink physical chmuicls, v,hich ui SG
include Phys&cal Upl&nk Control Channel (PUCCH). which
is used for uplulk control infonnat&on mcludui HARQ
feedback acknowledgn&ents. scheduling request, and down-
link channel-state information for link adaptation. Physical
Uplink Shared Channel (PUSCH), which is used for uplink
data transniission, and Physical Random Access C'hannel
(PRACH), wh&ch &s uscxI by thc UE to request co&ulcc&ion

so(up lcti:Ized to ds randolll access. o

Frequency bands Ibr SCI NR arc separated ulto two
frequency ncnges I&requency Range I (I'R I I including sub-6
(il lz frequency bands. i e. bands traditionally used by pre-
vious standards, but also new bands extended to cover
potential new spectnnn offerings from 410 MHz to 7126 &s

MHS. and Frcqum&cy Range 2 (FR2) includmg frcqucncy
Ixmds from 24.2S GHz to S2.6 GHz. Tlnis. FR2 mcludcs thc
Ixmds in thc mmWavc r&mgc, wluch due to their shorter
ranae and h&gher available bandwidth require somev liat
different approach in radio resource management compared io
to bands in the FRI.

Covera e is a fundamental aspect of cellular network
deploymcnts As NR moves to lugher frcqucncics (around
and aboic 4 CiHz for FRJ deploymems a&xl above 24 CiHz
for FR2). propugat&on cond&uons dcgradc compared to lower sc
frequencies. thereby caus&ng fur(her coverage challenges.
Mobile operators typically try to solve the problem by

increasing (hc dens&licauon of cells by u&cluihng ihITercnl
types of network nodes in (heir deployments. While the
deplnyment nf regular full-stack cells is preferred. &t may not
be always a possible (e g, due (o non-cvailabihty of back-
haul) or economically viable option.

As a result. new types of nenvork nodes Imve been
consnlcrixl to increase mob&le operators'lex&bil&ty for their
network dcq&loymcnts. NR Rel-16 hds introduced a ncw type
of nenvnrk node not requiring a wired backhaul referred to
as Integrated Access and i3ackhaul (IAI3) 'I'he usage of
wireless connection for the backhaul (1311)/fmnthmil (I'/)
eliminates the need for cabling of all sites in the deployed
network (which can be very dense). v hich would dramati-
cally reduce the u&itial deploymmlt costs. Naturally, w&rod

backhaul connection noi an option with mov&ng relays. Thc
only optinn is tn utilize wireless connection for which LAI3

v ill provide a feasible basis.
l&I(i 2 illustrates an example arclutecture for an LAI3

network. The IAB network is a msdio access network con-
figured to support &vireless backhauling and a split architec-
ture of radio access nodes, or gNBs. It should be notixk that
the JAB network is doser&bcxl in thc context ol'he3GPP
Rel-16 NR specifications. The split gNI) architecture con-
sists of Centralized Uni( (('U). i.e. IAI)-('ll. 202 and Dis-
tnbuted Il nit (D II) 204, i e. I A I 3-I)I J. in accordance cvith the
3C&PP TS 38.300 Rel. 16 specifications. JAB nodes 206,208
perfoml only DU functions„while CU functionality is
hosted by IAB-donor (Donor) 210. For conunun&cat&on w&th

a parent node an IAB-node hosts a Mob&le Tcnninat&on
(M I') functinn 212, i e IAI3-Ml; corresponding to Uli
openction or a part of (he I.JII operation descnbed in the
3(IPP I'R 38 874 Rel 16 specitications IAI3-DU 204 serves
one or more eel is the same way as a regular DU with a fixed
(non-wireless) connection to the CU. IAB-DU served ceil is
consnlcrixl a Born&el cell from the UE perspixuvc. Accord-
ingly. VE 216,218,220 may co&ulect to thc JAB network v&d

cells provxhxl by the IAB-nodes 206,208. It should bc notcxl
that the parent node nmy refer to a serving node providing
a v ireless backhaul connec(ion 212.214 to a given IA13-
node 206. 208. v,hereby the parent node may be another
IAB-node or the IAB-donor. The IAB-DU and IAB-Donor-
CU may bc connect&xi by Fl intcrl'acc m&d thc Backhaul
Adaptation pmtocol on top of the Rud&o Lulk Control (RLC)
protocol may be used for forwarding Internet Protocol (IP)
data packets between over wireless backhaul connections
212, nr hnps. between IA13-nodes and also between a
v ireless backhaul connection 214 between the IAB-nodes
and the IAB-donor. Accordingly. BAP data is carried by
backhaul Radio Lud Conuol (RLC) channels on each NR
backhaul hnk. or hop. bc&ween thc JAB-nodes ond/or the
JAB nodes and thc IAB-donor. The permit IAB-DU and the
IAI3-M I may be connected by Nr I Ju interface. In a stand-
alone (SA) NR RAN. the IAI3-donor is connected to the next
generation core NGC 222 over NCJ interface. whereby
conununications of user data of the UEs 216,218,220 with
dcv&ces ou(side ol'hc IAB network w suppo&tcd

FICi 3 illustrates ml example oflulk rcxlundaucy and route
redundancy of an IAB ac&work Thc link redundancy and
route redundancy provides that a data packet at an IA13-node
302 may have more than one route towards an IAII-donor
though the IAB netv'ork. Example a) of FICi 3 illustrates a
multi-connected IAB-node, ivhere a data packet at an IAB-
node 302 may bc uansnuucd. or fo&w»rdcd, to ihITcrent
parent nodes 303,304 over w&relcss backlrdul connections to
the JAB-nodes. In tins case thc IAB-node may perl'orm local
routing and re-routing. &vhere the w&reless backhm&1 connec-
tion for fo&warding (he data packet is selected from the
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available wireless bacldiaul conniwuuns. The wirclcss back-
haul connections to the parent nodes provide link redun-
dancy. Iixample bl of I'Jfi 3 illustnstes an IAB-node 506
having redundant routes 510,512 to an JA13-donor 308 'I he
routes may comprise one or more hops between LAB-nodes.
The IAB-node 306 is connected to one parent node and a
parmit node of Ihc IAB-node may perform local routing and
rc-rouiing of thc data packer Thc routes provide route
redundancy I:xample cJ of Jil(i. 3 illustrates an LAJ3-node
514 liavin redundant routes 516.318 to an JA13-donor 520. 10

'I'he routes may compnse one or more hops betv een JA13-

nodes. Here the IAB-node 314 is a multi-connected IAB
node in accordance with the example aJ whereby rhe link
rixiundancy is provided. Additionally, die routes provide
route rrxlundnncy in accordance with thc cxamplc bJ.

J1L3 4 illustrates an example of a niuting loop in an IAB
netivork. 'lite JAI3 network comprises IAI3-nodew IAJ3 41,
JAi3 C2. JAI3 63. JA13 04 and JAI3 05. connected to an
IAB-donor 402. The LAB nehvork may support link redun-
dancy and route redundancy in accordance with the 10

cxrunples dcscnbcd with FI( L 3. Thc IAB-nodes nuiy per-
form local rouung and rc-routing of reccu cd data packets
for example based on detecting a nsdio link failure on a
wireless backhaul connection. detecting congestion a wire-
less backhaul comiection and/or pertiirming load balancing
between wireless backhaul connection~. The rouring and
re-routing causes an JAB-node to select a wireless backhaul
coiunxnon. where a data packet at an IAB-node Is for-
warded towards thc IAB-donor. Thc IAB-donor has infor-
mation of a topology of the IA13 network. whereby the 10

IAi3-donor may determine link redundancy and route redun-
dancy of the JA13 network Additionally, the JAJ3-donor may
have information of congestion in parts of the IAB network,
e.g. congestion over one or more wireless backlmul connec-
nons. However. thc IAB-nodes may not have thc topology ii
or congestion inlbnnation. Funhcnnorc, IAB routing may
support forwarduig packets fmm one clnld BH lurk to
another child 1311 hnk )imiksrly. JA13 niuting mav happen
betiveen two parent 1311 connections ('onsidering the avail-
able routing possibilities. local routing and re-routin of data Bo

packets at the IAB-nodes may cause loops. where a data
peel m is routed or rc-routed based on local rouIuig per-
fornnxJ by the JAB-nodes through the IAB network,
whereby thc data packets is received more dian once at an
1Ai3-node.

'lo illustrate loops caused by re-muting in the IAB net-
work, let us consider Bn example in Fifr) 4, where I JL data,
e.g. one or more data packets. are tmsvelling from IAB 05 to
thc IAB-donor using a route: IAB //5-&IAB "4-&IAB
02-&IAB 01-&JAB-donor. Duc to con cation A 404. IAB 02 0

may pcrfonn local rc-routing ol'hc UL data to IAB //3.
I loivever. JA13 65 may expewence congestimi or lfl,li 13 406
and re-route the J.JI. data to IA13 //1 and a path consisted of
IAB /14-&JAB //2-&IAB 6J-&JAB-donor. which results in a
loop between JAB //2. IAB 03. IAB //4. Consequently, there ss
is a aced to control local rc-rouun pcrlormcd by thc
IAB-nodes ui order to avoid loops mid rcdundmit data
uansmissions. In accordance with ai least some embodi-
ments described herein, the JAJ3-nodes are provided infor-
mation for limiting re-muting, which controlling the re- ic
routing performed by the LAB-nodes, whereby loops in the
IAB netivork may be avoided

As a lirst aspect I'or at least allcviaun die above prob-
lems. an apparatus is herein uitroduced, saul apparatus
comprising means for reccivuig. by an uitcgrated access Si
backhaul node froni an integrated access backhaul donor,
information for limiting re-muting of data packets over one

or more wireless backhaul connections of mi integrated
access backhaul network: means for receiving, by the inte-
grated access backlmul node, at least one data packet over a
first wireless backlmul connection from an originating inte-
gmted access bacldiaul nodet nieans for re-routing, by the
integrated access backhaul node, the received at least one
data packet over a second wireless backhaul coiuicction
based on thc rcccrvcxJ information for luniting rc-routuig.
Exaniples of the appanstus comprise an JA13-node or a part
of an IA13-node.

As a further aspect tiir at least alleviating the above
problems. an apparatus is herein introduced. said apparatus
comprising means for determining. by an integmted access
baCkhiIUI iloiior. Illlolilla(1011 101 lllllltlllg rc-roiltlllg Ol dauI
packets over onc or more wireless backhmil coiuicctions of
an integrated access backhaul network: means for transmit-
ting, by the integrated access backhaul donor to one or more
integrated access backhaul nodes of the integrated access
backhaul netv,ork, the determined information for limiting
re-routing of data packets. Examples of the appamtus com-
pose an IABwlonor or a part of an JAB-donor.

FICJ 5 illustrates an example of a method I'or mi intcgraied
access backhaul node 'I'he method provides controlling
re-routing of data packers at integrated access backhaul
nodes. The method niay be performed by an JA13-node or a

part of the IAB-node.
Phase 502 comprises receiving„by an integrated access

backhaul node from an mtcgratcd access backhaul donor.
infiirmation for luniting rc-routing ol'ata packets over onc
or nmre ivireless backhmd connections of an integrated
access backhaul network

Phase 504 coniprises receiving. by the integrated access
backhaul node, at least one data packet over a first wireless
backhaul connection from an originating integrated access
backhaul node.

Phase 506 comprises rc-routuig. by thc integrated access
backhaul node, the recco ed at least onc data packet over a
second wireless backhaul connection based on the received
information for limiting re-routing.

In an example, phase 506 comprises re-routing the
received at least one data packet over a second wireless
backhaul conniwtion towards a conligurcd destination. Thc
conligurcd dcstinauon may be the Intcgmtcxl access back-
hmil donor or an intcgratcd access backhaul node.

Ill Brl cxafllplc, rc-rotrtllIg In. pllass 506 mav bc pclfornlcd
after determining a need, or at least one condition. to modify
a routing of the received at least one rksta packet, or to
modify the routing. The routing may be defined by a routin
conliguration of thc uitcgrated access backhaul node. In an
example of dctcnninmg the mud. phase 506 may comprise
tha1 Ihc intcgratcd access backltaul node may detcrnune a
routing for the received at least one data packet and the
determined routing is niodihed. Accordingly, instead of
forwarding the received at least one data packet based on the
determined routin, the integrated access backhaul node
may modify the dctcmuncd routing of thc at least onc data
packet, or rc-route Ihc rccctvixJ at Joust one data packet. Thc
rc-rouIuig may be perfomicd. w hmi onc or morc conditions
for re-routing have been met.

In an embodiment, phase 506 compnses re-routing, by the
integrated access backhaul node, the received at least one
data packet based on the received information for limitin
rc-roU(lllg, WIICII 011C Or 11101C Ciiiidltloils ior rC-IOUIillg havC
bimn mct. Tlic condiuons prot idc dctenninuig when thc
rc-routing limitations nuiy be applied at an integrated access
backhaul node I:xaniples of the one or more conditions
cmnprise a radio link failure and a congestion on a wireless
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TABLE I

Re t ut n I nutat on utfonnat nn fnt lno tet ant on

Onhumt !

Dcsttttttltott
IBAP aAttcss)

Don r DD
BAP addmss

Cniun&n 2
Path ID

Co)usus " Rc-toutmg iututattnns
itc-mututg s nnt allo ed fnt
packets:urn cd fiom the
ttmghbnuts I stcd in tlus fieldi

LABel
LAB, IAB I

'Ihe Re-routing limitation infiinnation in 'I'able I is
arranged in columns. where ( olumn I comprises BAP io
address of an JAB-donor DU, Colunm 2 comprises a path
identifier (Path ID) and Column 3 comprises re-routing
limitauons. Thc rc-rouung imitations ui Colunul 3 are
delintxi based on BAP addrcsscs of nei hbomn IAB-nodes.
Accordulglys tlm neighboring IAB-nodes of tim IAB-nodes si
comprise IA)3-nodes that are one hop away from the JAI)-
node Accordingly. the neighbors are connected by wireless

baclJtaul connection. The radio lutk failure lhc con sation
may be detemtined fmm wireless backhaul connection that
is scleclixl lor routing towards Ihc uilegralcd access back-
haul donor based on a destination information derived front
lhe at least otic dais packet.

In an example, phase 504 comprises that the originating
integrated access backhaul node is an inte rated access
backhaul node that has forwarded the at least data packet
over the first wireless backhaul connection to the receiving

I I I

intcgrdlcd access backhaul node.
In an example. phase 504. the at least one data packet may

comprise user dale or or IAB-node dard. Thc user data may
comprise downlink user data destined to a Ui I served by an
iillt:glared iicct:ss biickllaul iiodc'ii lite iiilcgtiacil access
backhaul network or uplink user data towards the integrated
access backhaul donor. The IAB-node data may be data that
is oriainating from one JA)3-node and destined to another
IAJ3-node.

In an example, phase 504 comprises that the received at lo
least data packet is tmvellin through the IAB-network
towards the LAB-donor In another exiunpi. the received at
least data packet is travclluig through lhc IAB-network
towards ml IAB node of Ihc JAB-network Therclbrc. il
should be noted that phase 5t)6 may comprise re-routing the
received at least one data packet toivards the JA)3-donor or
IAB node over the second wireless backhaul connection.

In an embodunent„phase 506 comprises disabling re-
routing, by the Jntehtrated access backhaul node. over one or
morc wireless buckhaul corulections bused on lhc rcccivcd 31)

inlonnalion for limiting re-routing of dais packets. In tlus
way available wireless backhaul connections for re-routing
niay be reduced

In an enlbodiment. phase 506 comprises maintaining. by
the integmted access backhaul node. re-routing limitation 3(
information based on the Information indicatin one or more
rc-routing lunilauons composing information for linuling
rc-routing of dahi packets compnses udormalion mdicaling
one or more ret muting hniitations over one or nxire wireless
backhaul connections based on one or more identifiers of dti
ori inatin integrated access backhaul node~. Examples of
the re-routing limitation infomtation comprise re-routing
limitation mformation towards one or more integmted
access backhaul donors and/or onc or morc ullcgratmJ access
bnckluiul nodes. An example of thc rc-roululg linulalion as
information is given in 'I'able I below

backhaul corulcclions to thc IAB-node. Thc Path ID refers to
a wireless backltaul comiection, or hop, where the JAJ3-node
may route and re-route CLsta packets

itl(i 6 illustnstes an example of a ntethod for an integrated
access baclJlaui donor. The ntethod provides controllin
re-routing of data packets at integrated access baclJlmd
nodes. Thc method mdy bc pcrfonncd by an JAB-donor or
a part of Ihc IAB-donor.

Phase 6t)2 comprises determining, by an integrated access
backhaul donor, intiirmation for lintiting re-routing of data
packets over one or more wireless backhaul connections of
an integrated access bacldiaul netv, ork

Phase 604 comprises transmitting. by the integrated
access backhaul ikinor lo one or morc intcgmtcd access
backhaul nodes ol'JIC intcgrdtcd access backhaul network.
the determined infomiation for limiting re-routing of data
packets.

In an einbodinient, phase 602 comprises determining by
the Integrated access backhaul donor, infomlation for lim-
iting re-routing of data packets. based on a neuvork topolo y
and/or routuig conliguralions ol'tte rated ncccss backltaul
nodes, ol thc uitcgraled access backhaul network. In llus
way the integrated access backhaul nodes niay be provided
with mformation for controlling retmuting at the integrated
access backhaul nodes. without a need to share the nenvork
topology with the integrated access bacldlaul nodes.

In an example. phase 602 may comprise that the deter-
llliticd iilforliliitioii for liilliliilg Ic-rouliilg ol diua pdckcm Is
for limiting rc-routmg ol'ale packets ut Ihc onc or morc
integrated access backhmil nodes. I'he re-routing may be
perfornied tov,ards a confiaured destination 'lite configured
destination inay be the integrated access backhaul donor or
an integrated access backhaul node.

In an example, in phase 604. the determined iniiirmation
fiir linuting rc-rouung of data packets mny bc providcxJ Io
onc or morc ullcgralcd access backhaul nodes using back-
haul Routing Conligurnt ion 1 is ml F I -AP mcssagecxamplcs
of winch are described in the 3()PP 'lg 3g 473 Rel. J(3

specifications For this purpose. a l3AP mapping configum-
tion message and'or a BAP mappin configumtion remove
messa e may comprise one or more Information Elements
JJEs) that compose infonnauon for limiting rc-routin of
dale packets over onc or morc wirelcss backhaul connec-
tions of an integrated access backhuul network mldior uilbr-
mation fiir limiting re-routing of CLsta packets to one or more
integrated access backhaul nodes. Accordingly, the informa-
tion for limiting re-routing may cause that local re-routing
altematii es at one or more integmted access baclJlaul nodes
are limited. Thc IEs mny bc cxislin IEs that are cnhmiccd,
or ncw JEs introduced lo carry Ihc informntion for lunilulg
rc-routing of dale packets withui BAP mapping conligurd-
tion entities One exmnple of implementing the phase 6t)4
includes a modifying a 13AP J(outtttg identifier JID) JJ'.

described in Section 9.3.1.110. TS 38 473 Rel 16 specif-
ication. An example of the modihed BAP Routing ID IE is
shown in Table 2, where the modilicduons nrc undcrlincd. In
thc example of Table 2, the BAP Routing ID JE indicates a
BAP address and a Path ID and u maximum number of
neighbour integrated access backhaul nodes, maxnoof-
Neighbours, for ivhich re-routing imitation information is
supported. A BAP address included in the modified BAP
Routing ID IE indicates the intehtrated access bacldlaul node
thai dale packets onginaling lrom Ihc BAP address cannot
bc rc-routed to the Path ID. Table 3 gives a deiinition for Ihe
Range of thc BAP Routing ID IE Ii'hc ultcgralcd access
backhaul node has received the modified l)AP Routing ID Ill
for a given Path ID fmm each of its neighbour integrated
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deci:ss backhaul nodcss thc Path ID cdnnot be used for
reimuting of data packets, whereby rc-muting over the Path
ID is disabled.

16
connrmtrons. The method may bc pcrformcd by au IAB-node
or a part of the I AB-node e.. in connection with one or more
phases of I'l(i 5

TABLE 2

BAP I'olrnn ID IE iuorhhcarrorl

BAP Address
Path ID

Lo al
i'c-rolinrrg
i I allan I

0 O -mauro f
I cirht ours '-

9 I ill
BAP Patty ID
9 3 I 112
9 3 I ill Ei h cotiy ot'his 0 pe

eorirairrs a BAP addi'css
mfhb m I,ill oi

ib.i Ami as rid ikiu d

s Ictm. S33 of'IS
3S 331) p.i I ets from
yiln h can't be
re r'oiitcd to th s p:ii'h

TABLE 3

BAP rounn ID If Ran e defirut or&

Reline tloiirrd Explanaricn

Iann i. Ifrhr It: Ib

ne hbour, t srneanthatths
pith s not slloiied ro use for
any re routurg

FIG. 7 illustrates an example of a method for derennining
rc-routing. The method provules dclcrnuning, when re-
routing linlitations may be applied at an integrated access 3i
backluiul nude. Thc method may be perlormed by an IAB-
node or a part of the IAB-node c.g. in connccuon with oue
or more phases of Illti. 5

Phase 702 comprises determining a third wireless back-
haul connection for routing the received at least one data do

packet.
Phase 703 compnses dctcrnuning if one or more cond&-

)rona for rc-routing have bccn mct. Thc conditions may
comprise onc or morc of a mdio lurk lhilurc and a con sation
on the determined third wireless backhaul connection. If at
least one condition has been met. the method proceeds to
phase 704. Otherv ise. the method proceeds to phase 705.

Phase 704 comprises re-routin based on the received
inl'onnation lbr hmitrng rc-rouung Ihc received al least oue
data packet over thc second wirelcss backhaul corulcction 9

based on at least ouc ol'he radio lurk failure lmd the
con cation on the determined third wireless backhaul con-
nection In this way the re-muting may be controlled by
limiting the re-routing based on the received information for
limiting re-routing. In Bn example phase 704 may comprise a.

that the rc-routing rs pcrlbmlcd bascrl on thc received
information lbr limiting rc-routulg and d routmg conligura-
tltiu of thc ultcgttltcil Bi:cr:bs backharll uoilrb

Phase 705 comprises routing the received at least one data
packer on the third wireless backhaul connection In tluc rr!

case the routing may be perfomted without re-routing and
limiting the re-mutin .

FIG. 8 illustrates an cxmnplc of a method lbr dctcmunulg
rerouting based on available wrrelcss backhaul connections.
Thc method supports rc-routing rrmcrvcd data packets using si
a limited number of available wireless backhaul connections
and even in a case without available wireless backhaul

Phase 802 comprises dcternuning onc or morc unal low cut

v ireless backhaul connections for re-routing the received at
least one data packet based on the received infounation for
linutmg re-routing of rksta packets

Phase 804 comprises deternlining a set of avatlable wire-
lcss backhmll connimuons for re-routing thc rccervcd at least
one data packet based on the determined unallowed wireless
backhaul connections. It should be noted tlrdt thc sct may
comprise any number of available wireless backhaul con-
nections.

Phase 806 comprises deternuning if the set of available
v ireless bacldlaul connections fi&r re-routing the received at
least one data packet compmcec at least one available
wireless backhaul connection. Ifyes. the method proceeds to
plmsc 808. If not thc method proceeds to plrdsc 810.

Phase 8()8 comprises re-routing the received at least one
data packet over at least one lvi re less backhaul connection of
the set of available rvireless backlmul connections. In this
way the at least one data packet may be re-muted based on
thc rccclvcil ulforuultltiu lol huutul'l:-ron)Big.

Phase 810 comprises rout ulg thc rccer vcd at least one data
packet back to thc originaung uitc ra)cd access backhaul
node, if the set of available wireless backhaul connections
for re-routing the received at least one data packet fails to
comprise at least one available ivireless backhaul connec-
tion. In this way, the at least one data packet may be
rc-routed even if basrxl on thc rcccrvcxt information lor
hmrtulg rc-routing, there would be no available wirclcss
backh l0 I ctuulcctlous for rc Io I ltulg thr: rr I cl veil BI least ouc
data packet.

I'he nlethod and the embodiments related thereto may be
implemented in an apparanrs implementin a netv orl node,
such as an IAB node and an IAB-donor. The apparatus may
coulprlsc lit lariat ouc plocr:bbor ilail Bt li Bst ouc Incrnoly.
sard at least onc memory stored with computer pro rlun
cocle Ihcfcon, Ihc at lr asi ouc utculory dail thr: coulpulr:I
pmgram code configured to, with the at least one processor,
cause the apparatus at least to perform a method described
v ith an exampie described herein. Such apparatuses may
comprise e., the functional units disclosed in any of the
FIGS. I and 2 for unplcmenting thc embodiments.

Thc method lmd the cmbodunmlts rclatcd thcrcto may
hkcw rse bc implmncntcd m an apparatus compnsulg means
for receiving, by an integrated access backhaul node fnlm an
integrated access backhaul donor, mfilrnlatron filr limiting
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rc-routing of data packcm over one or morc v,irclcss back-
haul connectinns of an integrated access backhaul network,
means tilr receiving, by the integrated access backhaul node,
at least one data packet over a first wireless backhaul
connection from an onginating integrated access backhaul
node: lneans for re-routing, by the integmted access back-
haul noCk, the rcccivcd at least onc data packet over a second
wirelcss backhuul connccuon based on Ihc rcmcived infor-
nlation for limiting re-routing

According tn an enibodiment, the apparatus cnniprises in

nleans fnr disabling re-muting, by the integrated access
backhaul node, over one or more wireless backhaul connec-
tiotts based on the received information for limitin re-
routing Ul'ale packets.

According lo an embodiment, thc dppdralus compnses
means for re-muting, by the integrated access backhaul
node. Ihe received at least one data packet based on the
received infnrmation for lunituig re-routing. ivhen one or
more conditions for re-routmg have been met.

According to an embodiment, the apparatus comprises IU

mc;ms for delennuung. by lhc inlc rated access backfrdul
noCk, a tlurd wirelcss backhaul cotuiccnon for roulmg the
received at least one data packet; and means fnr re-muting,
by the integrated access backhaul node, based on the
received information for limiting re-routing the received at
least one data packet over the second wireless backhaul
connection based on at least one of a radio link failure and

congestion on the dclcrnunisi third wirelcss backhaul
conntx'non

Accordin to an enlbodiment, the apparatus conlprises lo
means for detenninmg. by the integrated access backhaul
node. one nr more unallowed wireless backhaul cnnnections
for re-routing the received at least one data packet based on
the received information for limitiiig re-routing of data
packcnn means for detcnnuiing, by Ihc ullcgralcd access ls
backluiul node. a scl of available w irelcss backhaul connec-
tions for rc-rouung Ihc received at least onc daut packet
based on the determined unallowed wireless backhaul cnn-
nections; means for re-routing, by the integrated access
backhaul node. the received at least one dam packet over at du

least one isireless backhaul connection of the set ofavaiLable
w ircless backhaul cotuicc nona.

According lo an embodiment, thc dppdralus compnses
means for re-routing, by the inle rated access backhaul
node. the received at least one data packet back tn the
originating inteyated access backhmil nnde, if the set of
avaiLable wireless backhaul connections for re-routing the
received at least one tLlta packet fails to comprise at least
one avmlable wirclcss backhaul coiulcclion.

According to an cmbodimeng Ihe apparatus compnscs U

mc;ms for maintaining, by thc integrated access backfrdul
node, re-routing liniitation information based on the infilr-
tnutlon hlihcafing otic ol nlol'c rc-touililg lhnttafioils conl-
prising infomiation for limiting re-routing of dam packets
conlprises information indicating one or more re-routing ss
hnnlanons over onc or morc wirelcss backtutul connections
based on one or more idenuiicrs ol origuialmg mlcgrated
access backltaul nodes.

'lhe method and the enibodiments related thereto nlav be
implemented in an appamstus implementing a network node, io
such as an IAB-donor

On the other hand method and the embodiments related
thcrclo may likewise bc Implcmenlcd in an apparatus cum-
prlsulg nit:Blw lor ilctt:Inunulg, by dn uucgl'Bu:il access
backluiul donor, uilbnnauon for hminng It:-ltnnulg tif diitil Ss

packets over one or niore wireless backhmd connections of
an inte rated access backhaul network; means fnr transniit-

ting, by an uitcgraled access backlrdul donor to onc or morc
inte rated access backhaul nodes of the intektrated access
backhaul ncttsork, Ihc delcrmuu:d Information lor lunilulg
re-routing of data packets

According lo an mubodiment. thc apparatus comprises
means for detemlining. by the inta rated access backhaul
donor. infomlation for limiting re-routing of data packets,
based on a network topology and/or routing configurations
of the one or more inte~vated access backhaul nodes, of the
integrated access bucklrdul network.

In Bn cxcnlplani cnlbodhucnt, B ctuupUtcr pl'ogranl nl;lv
bc configured to cause a method ui accordimce with thc
embodinlents described above and any conlbination thereof
In an cxcmplary cmbodmienn a computer program product,
embndied on a non-transitory conlputer readable medium,
may be conhgured to control a processor to perform a
pmcess comprising the embodiments descnbed above and
any combination thereof.

In iin cxcnlpldiy cnlbodlnlcnl, dn BppaldlUs, such ds Bn

IAB-node and an IAB-donor. may comprise at least one
processor, and at least onc memory including compuier
pmgram code, tvherein the at least one memory and the
conlputci'togi url code Blc conflgut'cd to. with thc Bt least
one processnr, cause the apparatus at least to perform the
embodiments described above and any combination thereof.

In generaL the various embodiments of the invention may
bc implcmentcd in hardware, circuitry or special purpose
circuits or any combinanon thereof. While venous aspects of
the invention nmy be illustrated and described as block
diagrams or using some other pictorial representation, it is
v ell understood that these blncks. apparatus. systems. tech-
nitfues or methods described herein may be implemented in,
as non-limiting examples, hardware. software. firmware,
special purpose circuits Ur logm. gmicrul purpose hardware
Ur controller or other compuiing devices, or some combi-
nation thcrcof.

As used in this application. the term "circuitry" may refer
to one or mnre or all of the following: (a) hmdware-only
circuit impiementations. such as implementations in only
analog and/or di ital circuitry. Bnd (b) combinations of
harilwdrc cuculm anil soflwiirtn such Bs. Ils iipphcablc. (i) a
combination of analog and/or digital hardware circuit(s)
with sofiware/firmv arc and (ii) any portions of hardware
pmcessnr(s) tvith sofhvare (including digital signal proces-
sor(s)), software, and memory(ies) that work together to
cause an apparatu~, such as UE or gNB. to perform various
functions) and (c) hardware circuit(s) and or processor(s),
such ils B nucloproctnsol(s) or d poltlon ol B

nucropIUccssor(s), lhdl rcgulrt:s sofiwdrc (I: g., flrnluiilt:) lol
Operation, bu I the softw arc may not bc present w lmn I I Is not
needed for operation.

I'his definition of circuitry applies to all uses of this term
in this appiication, including in any clauns. As a f'urther
example. as used in tlus application. the term circuitry also
covers an tmplemcnlauon of mcrcly a hnrdwarc circuit or
processor (or muluplc processors) or portion of a hardware
clrcutl ol prtlccssol Bnd lm (UI licit) Bt:conlpanvhlg solids die
and/nr firmwar I'he tenn circuitry also covers. filr example
and if applicable to the particular claim elenient, a baseband
integrated circuit or processor inte~ated circuit for a mobile
device or a similar integmted circuit in server, a cellular
network device. or other computing or network device.

Embodiments may be practiced in venous components
such as integrated circuit modules. Thc design ol intcgralcsf
circuits is by and large a highly autonlated process ( omplex
and pov erhd softivare tools are available for converting a
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logic level design urlo a scnuconduclor crrcuil design ready
to be etched and finned on a semiconductor substrate

Progrmns. such as those provided by Synopsyw Inc of
Mountain View, ('ahf and ('adence I&esigrr, of San .lose,
Calif. automatically mute conductors and locate components
on a semiconductor chip usin well established rules of
design as well as lrbrancs of prc stored dcsrgn modules.
Once the desrgn Ior a senuconduclor crrcuil has been
completed, the resultant desrgn. in a standardized electronic
format fe/g Opus, (il)SII. or the like) may be transnritted I«

to a semiconductor fabrication facility or "fab" for fabrica-
non.

It is to be understood that the embodiments disclosed are
nol lrnnled lo thc particular structures, process slops. or
malcndls disclosed hcrcin, but are extcndcd to Lxlurvalcnts
thereofas rvould be recognimd by those ordinarily skilled in
the relevant arts It should also be understood that ternunol-
ogy employed herein is used for the purpose of describing
particuhlr embodiments only and is not intended ro be
limiting. 20

Reference timrughout thrs specriicanon to orw. mnbudr-
mcnl or an mnbodiment mcmrs thai d particular feature,
structure. or clmmlcteristic described in connection with the
embodiment is included in at least one embodiment. 'I'hus,

appearances of the phrases "in/according to one embodi-
ment" or "in/according to an embodiment" in various places
tlu oughout tins specification are not necessarily all referring
lo the same embodiment Where refcrmrce rs made to a
IIUIIIC11CBI VBIUC USlllg a lcrrll SUCh rrs, Iol cxalllplc, rrboirt Or
substantially. the exact nunrerical value is also disclosed 10

As used herein. a plumllrty of items. structumll elenrents,
compositional elenrents. and/or materials may be presented
in a conunon list for convenience. However. these lists
should be constnred as though each member of rhe liar rs
indiv«lually idcntrlicd as a scparatc and umque mcmbcr. Is
Thus, no Individual member oi'uch lrst should be constnrcd
as a dc facto equivalent oi any other member ol lhc same its l

solely based on their presentation in a con«non gmup
without indications to the contmlry. In addition. varimrs
enrbodiments and examples may be referred to herein along do

rvith alternatives for the various components thereof. It rs
understood tlrdt such mnboduncnts, examples, and altenm-
uras arc not to bc constn«xi as dc I'ecto Lxlurvaicnts of onc
another, but are to bc consrdered as separate mrd autonomous
I'Lpr'csL'rlt;rtlolls
'I'he foregoing description has provided by way of exenr-
plary and non-limiting examples a full and informative
description of the exemplary embodiment of this invenrion.
However. venous modilicalions and adaplalrons may
bcmomc apparent to those skilled ur thc relcvmrl aria in view 0

01 thC for cgorrlg dCscrlplrorl, «hCII IL'dd ln CLrntrrlrCllon Wrlh
the acconrpanymg drawings and the appended exanrples.
I lorvever. all such and similar modifications of the teachings
of this invention will still fall within the scope of tlus
IIIVCrltlotl. ss

lllc 1«Vcrllrorl Clarllrixi IS:

1. An apparatus compnsrng.
at least one processor; and
;rl least 11lrc iron-tlalrsitory rlieirlory storlrla, rllstrllctrorls sir

that. when executed by the at least one processor. cause
the apparatus to:

reccivc. by Bn urtegralcd access backhaul nude from an
inlcgratcd access backhaul donor, ufibrmatron for lim-
iting rc-routrng of data packets over Onc or more Ss

wireless backhaul connections of an integrated access
backhaul nemvork;

receive, by thc urlcgrdlcd access backhaul node, al least
one data packet over a first wireless backhaul connec-
tion from an originating mtegrated access backhaul
node;

re-route, by the integrated access baclJraul node, the
receir ed at least one data packet over a second wireless
backhaul connccuon based on thc rcccrved urfonnalron
for lrlllilillg IC-IIIUlrlrg.

characterized in that resmuting the received at least one
data packet comprises
determine, by the integrated access backhaul node. one

or more unallowed rvireless backhaul connections
for re-routin the received at least one data packet
based on lhe rccervcd rnibnnation Ibr lunrlurg re-
routing of dard packers;

determine, by the integrated access backhaul node, a set
of available rvireless backhaul connections for re-
routing the received at least one data packet based on
the determined unallorved wireless backhmd connec-
tions;

rc-route, by lhe integrated access backhaul node. Ihe
Icccrvcd ru least Circ dalrl pdckci over Bl least orle
wireless backhaul connection of the set of available
wireless backhaul connections

2 'I'he apparatus of claim 1. wherein the instnrctions,
when executed by the at least one processor. cause the
apparatus to disable re-routing, by the inte rated access
backllrrUI IlirdL; over Orle or «lore w Itches brrckhBUI collllcc-
trons based on thc rrmervcd urfomratron Ibr lunrturg re-
routing of data packets

1 I'he apparatus of clainr l. wherein the mstructions,
v hen executed by the at least one pmcessor, cause the
apparatus to re-route. by the integrated access baclJrmd
node. the received at least one data packet based on the
reccrvcd iniormalion for linuling re-roulrng, when onc or
more conditrons for rc-routing have brxn met.

4 Thc apparatus of clmm 1. whcrern thc rnslruclrons,
when executed by the at least one pmcessor, cmrse the
apparatus to

detemrine. by the integmlted access baclJraul node, a third
v ireless bacldraui connection for muting the received
dl lcdsl orle dard pdckcn Bnd

re-mute, by the urlcgra led access backlrdu1 node, based on
thc received information for lunrtrng rc-muting thc
received at least one data packet over the second
wireless backhaul connection based on at least one of
a radio link failure or a congestion on the determined
thrrd v, ireless backlmul connection.

5 Thc apparatus of clmm 1. whcrern thc rnslruclrons,
when cxcculed by lhc dl least onc processor, cause lhe
apparatus to rc-route, by the Integrated access backlmul
node, the received ar least one data packet hack to the
ofiginating integrated access backhaul node, if the set of
available wireless backhaul connections for re-routing the
received at least one data packet fails to comprise at least
onc available wireless backlurul corurcctron.

6 Thc apparatus of cldun I, sshcrcrn the rmtructrons.
when cxecutcd by lhe at least onc processor, cause thc
apparatus to

nraintain. by the integrated access backhaul node. re-
routing limitation information based on the iniilrmation
indicating one or more re-routing limitations compris-
urg rnfonnalron Ior limiting rc-rouung of data packels
corllprrscs Inlormdllou Ilrdlcrrllrlg orle or I«ore Ic-rorrl-
urg linutalrons Over onc or more wrrelcss backlmul
connections based on one or more identifiers of origi-
nating integrated access backhaul nodes
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'7. &k method compos&ng:
receiving, by an &ntcgratkxt access bacldmul no&le Irom an

integrated access baclJ&m&1 donor. infounation for hm-
iting re-routin of data packets over one or more
wireless backhaul connections of an integrated access
backhaul ne&work;

receiving, by thc integrated access baclduiul noCk, at least
one data packet over a Iirst wirelcss backhaul co&u&m-

tion from an originatin integrated access backhaul
node:

re-romina. by the integrated access backhaul node. the
received at least one data packet over a second wireless
backluiul connccuou baskxt on Q&e rccc&vcd mfi&m&ation
for linuting rc-routing,

characterized in that re-routing the received at least one
&Lots packet comprises
deternune, by the integrated access backhaul node, one

nr mnre unallowed wireless backhaul cnnnectinns
for re-rout&ng the rcce&vcd at least onc data packet
based ou thc race&ved u&fom&ation I'or limiting re-
routing of &Lsta pacl ets; zn

determine, by the integrated access backhaul node. a set
nf ava&lable w&reless backhaul connections for re-
rout&ng the received at least one data packet based on
thc detennu&ed unallowed wirelcss backhaul co&u&m-

1&ons,

re-route, by the integrated access backhaul node. the
received at least one data pacl et over at least one
&vireless backhaul connection of the set nf available
&vireless backhaul connections.

8. A non-transitory progmm storage dev&ce readable w&th
nuichu&e, tangibly mnbody&ng a program of instruct&ons

executable &kith the mach&ne for performi»g operations, the
operations compns&ng:

receiving, by an u&tcgratcd access backhaul node I'rom sn
integrated access bacld&aul donor. informat&on for lim-
&th&g rc-route&g of ilati& packcm over onc o& nlo&e

wireless backhaul connect&ons of an integrated access
backhi&ul nctworl,

receiving, by thc integrated access backhaul node, at least
onc data packet over a Iirst w&relcss backhaul connec-
tion Ibom an ouginaung u&tc ra&cd access backhaul
node;

re-outing, by the integmted access backhaul node, the
received at least one data packet over a second wireless
baclJ&aul connection based on the rece&ved inti&rmation
for 1&n&lth&g rc-1'o&ltulv,

characterized in that re-routin the received at least one
data packet comprises

deteunine. by the integmted access backhaul node, one
or more unallowed wireless backhaul connections
for rc-routing thc rcce&vcd at least onc data packet
based on the received information fi&r limiting re-
routing nf data packets:

determine, by the integrated access backhm&1 node, a set
of available wireless backl&aul connections for re-
routing the received at least one data packet based on
the determined unallo&ved wireless bacld&aul connec-
lions,

re-route, by thc u&tcgratcd access backhaul node, thc
rcce&vcd at least one data packet over at least onc
wireless backhaul connection of the set of available
wireless backhaul connections

r s s
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