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Executive summary

This document presents the architectural direct
Package 3 (WP3) withinWPBef bDena8phenetpeojdevt!l o
space optical and s-bbefrdi peoteasbagdvdapfeanmndnul t
di saggregated RAN hardware subsystemser reaatbhd i alg
( TN/ NTN) 3D networks for 6G, wiuthi egerdeysi ghGoib

across all of these component s.

The document introduces the background and scope
in relevpacefooplboantd, prdddgsdsi namtdendnasaggregated
technol ogi es, wi t h-c uetmpihnagse feGeirmgrycy osshal |l enges 3
technol ogi cal Il imitations. | deymtcih® eodh ii gova it Sa @i nocnl su d
| ordg st ance -ammho scploesrsi ¢ opti cal i nks, scal abi |l

existing RF andthieFinesdl UtolednBsoimeadyy,n dmialgttie nn as
capabl e of supporti ngnobbeam tsyt eTeN/i,NnTgNi asmede nheie giflpphst

and ratiobherance cowotarai processomg platforms, ar
of di saggregated RAN solutions for NTN operation
Doppler, and satellite mobility

I't further outlines the architectural structurin
scenarios and use cases, requirements and perfo
all ocation as key aspects guidi ngmomef waméawo Mk efs
aligning WP3 tasks and their interaction with ot
I niti al technical activities are presocesbbadd f or

processing for IsiaFiel shdgwgtdmpayeobdatubhht enna desi
aviation and autaomdo tfil veex ipll et fdarsmsy,gr egated RAN c
basis for subsequent prototyping, integration, a

t + MBI
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1. BackgroubBrmergfyfi ci entoptradio 3L
net work components

Future 6G systems are expedtenensooonpkr §88) asef

seamlessly integrate terrteesrtrrd satlr inaelt wroatkvgo r(KTsN) (N
satellite cons-mebl Bttygnpl antiohimdh r Bag umereetmetnhtes sotf
net works in terms of capacity, |l atency, availab
frequency (RF) and optical C ommu n itchaetsiessmjma de,c hno

and ground segments.

Energy ef Gcienacwtitds nay lkchyaldremmgge in this context
pl atforms, and mobile terminals are inherently c
whil e being required to supportthvighydahAs aates
generation transceiver and prsecpessiogmaecéanpé¢ogij
enabl e adaptive operation under highly wvariabl e

RF technol ogi es r e meaariena ecscsveenrtaigael afnodr rwoibduest ser vi
TN/ NTN systems, driving thhmewndnaead emomrasadawnandddxm
ends. At the -spmeetomei, cdlreeFSO) oormmuwrhi cdaattiao nr ac

and drawd e energy efsGtieé¢hdcyefandi ieeder | inks, p
architectures are adapted to | ong distances and
theserbangg | i-nkhsgesbpttcal wireless aklcanbl ghi e

capacity, -“imeer temamddit Vv icnoyairelhavi ronhmeeat ef fect i v
integration of these heterogeneous radio and opt
ormboard processing (oBP) , di saggregated RAN ar c
management across the TN/ NTN continuum.

Wi t hin NexaSpher e, Wo r k Package 3 addresses t!
evaluatief§gGenengy®REFR,i &pti aatenna, and di saggrega
forming the technol ogical basis for the uni Ged 3
These developments are particul arl-yr andpovratnat ifo
vertical s, tiinen ,udiarug ormwti iav e, and rairmowayl i 8¢ en
connectivity must be supported under strict SWakF

1. Dbjectivd8andf p@Bitidning of D

The purpose of Deliverable D3.1 is to provide t1l
concepts, architectur al deci sions, and early p
technol ogy | ines: rambio@ar dngpropessbhg !l f,ak$Fpsat el
transcei vbeansd amutlennandiysdgegrse gaAse dWHRSANsuppl i es
foundati onal har-deael @aaoohp sryesritesan f or the NexaSrg
pl atform acrostsentreestesitali ,algnthiomptdetaledcdambegyoc
initial design direcdfifomnst hatds wibielqyllstejgasd doep e a i

Ssubsequent phases of the project.

NEXASPHERE | D J UiR6

\ /T )
= This 0j Hori z onljtlzxﬁrg\‘o?g%lstr esearch a

pr has received funding from the
agreement No.

ect
101192912



iy BGSNS

— European
Commission

D'3.1 introduces the state of the art, identi Ges

stage design activities for the main transceiver
These incdpaece fomtei cal and satedll®BR comomaumti sc aft
satellitéipaytoadscei vers for cabin conrbnaencdt i vi t
NTN/ TN antenna systems, -eafnGc itehnet fdliesxaigbglree gaantde do oRM
that will -RAPppprracemsuditig and integration within
each subsystem, the deliverabl ereubthminasy thet e
considerations, and the rationale behind select
includes the deGnition of initial requirements a

integration and val i44WR6.o0n of work across WP

As the Gr st WP3 technical del i verabl e, D3.1 capt
project phase, including | aboratory investigatio
and subsystem ar chiTtheec tderteaideeGniitnipdrement ati on, i
of the complete transceiver prototypes and proce
up deliverable D3. 2.

1. Rel at iootnh\&tPe

WP3 buil ds olneuwédle rseggpiiermement s, use cases, KPI s,
deGned in WP2. Fetf (ocrioevnitd ¢B¥F Reindgir g Yo @ mdni as, a gagnrde g at e d
RANUbsystems that wi || support integration and

interaction with WP4 encamnmreectalviigtnymeanrtd wti rt e&an smpud |
whil e coordinatiomal wghme WP &cWwmtufdp eodtggshestrati on a
management con®RKRéAMtesl a(tee.dg.or@hestration .asTpheect s
outcomes of WP3 wi |l al so provide technical i n
st andaatridon activities in WPT7. Feedback from int
iteratively reGne WP3 developments.

5T
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2. FreSpace Optics and Satellite T
This section is structured as foll ows. Fof st , tf
commercially av@edamd,e ttlkre mopmtal sal fThamsiceireérrie

to terresttrerarlesatnrdi anlonopti caargi venseei e t hthggnda
coherentolememt transceiver .¢titasbufGtheirCo®hSbwnmbhb
transceivers | mableitnhi tcaati eognosrsiugnyp d rhtee dSSOTW, | i nk bu
di fferent optical | ink scenari os

Within the space segnresemace topet ilcaadi sctofimerruomp iciae a lo
communicati,onoft ewhmimmla satellite in a constel]l ¢
l eft, right, up, down) , depEmei oagt ooalt heercmins ale |
the optical head with the t &hoepstciocpael adnhip |poodenrtsian g
transceaneérebppaorSomiecse.xampl es of existinbeCOTS
SCOT series termirna&hschr ame T BB Agldsrtert ehtee dCoinmd o r M
terminal f | 2 IMysnt&iagéetdh é nKepl er opti ¢8ds uwelrl eq
as the Geneopatli calonmtiocmmuni dati on ter mi nal

Fi ga8€OT series terrildal from TESAT

NEXASPHERE | D J UiR6

& This project has received funding from the HorizonNEI%(lIJE\ I30(_'?,1';63research a
agreement No. 101192912




SNS

Figarkelustration of2Mynaric terminals

One of t he key component s inside the optical

transceiver. The optical transceiver ,Esheespbnsi
packet sg,hti mtno tlhie transmitter side, and convert.i
sidleh¢ ransminddesgs i ncludes encapsulating the dze
codemo,dun gtthie bi appl| winwge | ement asycdatwas pioot Syr
synchr omifs atthheo nOe c ¢ iheerr ec,gihvisngproicekeess i s revers

symbol s ar eanrde amavwereedd Seoct obnedtabri et smaiprpteoda me s

Transcei Wearoxaldd ydi vi ded i nthhasewb ocmttelgormedul at i o
they: aserent transeehwearenmtandlamesre @il wérss on i s mo
the fact that transceivers differ coGoehdreemtbl vy
transceivers are orders of merhietr iechd maoraensseny
requsiyrnec hr omwif s d thieo,wlicelh viemcreases the i mplementa
as requirionpgtadditReEnakhpi tdSegnistlaalndsi gnal. process

Some extirsdnageievwerGe atdieoGnse daréen stpaicle®D & d OCT ]
standarcddnoherent transceivers, andajndheOpegmn/ZfREt r i
standards for coher entr thptriESFOLt t acbhoeéeicaér speci C
&lurently SopbaewPl standacdhéoennohinks up to 1
or data rates higher t haROADM aGhdiatWos kt 0 nf E&ISIT®Ow
urrently being doalk!| etdoo Hdewéne ®modes, deGning
ommunication pr atueps otlob iliddlsd d at &d atsit ®spsea aft er

n tdhand€ around 1550, nwhiwahvedElhgeywdh exesting t e
omponAntepti ohh@®harmrsd dE€SDISe 1-O4f b 1064smancd r ee
optical l i nks

O —T O O —hrm/

Coher €0TStranscenhviecrhns ar e commonly usedGbire ter
communi ,csatciho na s( dDiCPist a | coheareenthioghliycswWaP ef Gci
high throughput, but are prone to |l ose }+ock du
at mospheirnccbmhkseati on with Doppltdnrisshiiufrtthaem—@-elzct
fade duration and thus causes i{ompdri@Bm@Bedol.osbmerf
Furthecmoreptl gal COdiSenaegmtnscei vers are not bei | t
constraining the operating Wlinbdaetriaotni sn gafnadr snairEeinI
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c'ouple o fn yndtdy hstf emes dDpbeat ifnogr olne years ilme MEO mi
possible without additional measur es.
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Nowwoherent tstansgel eleciorsle budgets at dihsuthadnrceeds b e
kil ometat dlait@ah daé es o their inherent.lAYy Il owgr & ¢ eik
di stances, this means t hladar amedrhetrh et hoep toipctalc sa nmpelei
provide more ampli Gcati orm,t i onc raenals icuympd cewdrt {00 |
coherent t.r athosweaviewedirest @ mth s cded vreaots safyhehrbnomat i C
i ssweshin the at motsqpphteerece tto Adg teadman.al | 'y, the opt
|l i sted previously <claim to suggepei algl eat atl elaisg h
radiation mitigation measures

Currently, there is no transceiver that can cope
uswi t hi n-tgsrpoaucnedalt i hk g h .d aRuar trhaetrensno d & ,a ntsheebriec éirs
can be operationhE@GEQuIseId Iwiinkhi atatBbBghpdapased
sol uitd oan ebwdtilamcoher ent optsihcadll tbrua n sdeselipvoedri nvghei d
heritage from the terrrcastroimhleedeveli eamrmentisnkanfdu!
custom coherent tr ansscyencvherrosn icsaméigihrism | vilee t A mo s |
by empl oying t isme cdidDISHRslsegdd y,i tadnhtisl e at t he same t
for |l ong distances at high data ratescalueramt th
syst.ems

To highlight the piont editfifadr @rfit ndeititiwockagle tdsi sak € ev al
scenarios bugi/®pP PO aGd 1DRPQPEKI tmosdul ati ontechemes
LEO, -GE®@® -068, -AEOcraft  OGBhea sLEHOUPdad downl i nk

scenarios due to |link asymmetry. Dif ftehredfnftecatper t
ont heink bAdgetk margin above zero meanis, t hat
communi tati bhe gives padambbeesi £ othtreatend mordul at
scheme would decrease2Q@ heBldwm«k tmartghdénlbgwdidt s ems
for an atmospheric | i nknaytahues ee fcfoehcetrse ndaf | ti mrkisu lue
terrestri alt dta sae sscybenecivherrosnainsda tti loinse pee g roa difahnec e .
foll owing | ink budgets assume sthatsstoipdrn hdaid at e
any residual penalty is inclTuhdee dpoiinnttihey ree o eirv e
heads is described by the pointing | oss.
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s ) LEO-to-LEO Intraplanar (1800km) LEO-to-LEO Interplanar (3000km)

cenario Tx30mm -Rx30mm  Tx30mm-Rx80mm |Tx 30mm - Rx 30mm Tx 30mm - Rx 80mm
Tx Diam [mm] 30 30 30 30
Rx Diam [mm] 30 80 30 80
Link Distance [km] 1800 1800 3000 3000
P_Tx [dBm] 30 30 30 30
Tx Gain [dB] 95,7 95,7 95,7 95,7
Rx Gain [dB] 95,7 104,2 95,7 104,2
Free-Space Loss [dB] -263,3 -263,3 -267,7 -267,7
Tx Optical Loss [dB] 0,7 0,7 0,7 0,7
Tx Pointing Loss [dB] -2 -2 -2 -2
Rx Optical Loss [dB] 25 2,5 2,5 25
Rx Coupling Loss [dB] -3 -3 -3 -3
Coding Gain [dB] 4 4 4 4
System Margin [dB] -3 -3 -3 -3
Sensitivity [PPB] 10 10 10 10
ROP [dBm] 49,1 "40,6 53,5 45,0
System Margin [dB] -3,0 -3,0 -3,0 -3,0
Req. Rx Power @ 10 Gbit/s [dBm] -49,0 -49.0 -49,0 -49,0
Link Margin @ 10 Gbit/s [dB] -3.1 54 -7,5 1,0
Req. Rx Power @ 100 Gbit/s [dBm] (-39,0 -390 -39,0 -39,0
Link Margin @ 100 Gbit/s [dB] 13,1 -4,6 -17,5 -9,0
For -LEO |liitnkissi Bdamlweh at communi biatDiPROQRASHKar 1t0waG 30
mmdi ameter optiisadott epars snial Ise . I f at | east one o
mm, this emiabbsmmuabhc &mi ot h LEO scenari os.
At 100t Gshanging one terminaf bot B0t enmmi san®twemn
to 8Q mmsubtuntthdm dB i mprovemeonbmpar dd nko mjau gt
terminal bei -EEGO0 I mimr apl anar | i ntkswewbeBfDdE Obe po s
interpl ararailni ralkéd .ow B, requiring sl teghttol yc |ionmsper c
the.link
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Tab2lei nk BudGEO LEO
Scenario LEO-to-GEO
Tx 80mm - Rx 80mm Tx 80mm - Rx 250mm

Tx Diam [mm] 80 80

Rx Diam [mm] 80 250

Link Distance [km] 42000 42000

P_Tx [dBm] 37 37

Tx Gain [dB] 104,2 104,2

Rx Gain [dB] 104,2 114,1

Free-Space Loss [dB] -290,6 -290,6

Tx Optical Loss [dB] -0,7 -0,7

Tx Pointing Loss [dB] -2 -2

Rx Optical Loss [dB] -2,5 -2,5

Rx Coupling Loss [dB] -3 -3

Coding Gain [dB] 4 4

Sensitivity [PPB] 10 10

44 4

ROP [dBm] -49,4 -39,5

System Margin [dB] -3 -3

Req. Rx Power @ 10 Gbit/s [dBm] -49 -49

Link Margin @ 10 Gbit/s [dB] -3,4 6,5

Req. Rx Power @ 100 Gbit/s [dBm] [-39 -39

Link Margin @ 100 Gbit/s [dB] -13,4 -3,5

For ‘GEO | asksholvarb2,i@m0 mm aperture is not enough

10biGt/ s. A 250 mm apertur eotihse rseagtue Irleittoefso Itooa b eh e

10 biGtl/ishkkr cl osibhig/a3 100kG both satellites need
I
)
I
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Scenario

Tx power

Tx power

Elevation angle
Wavelength

Aircraft cruise altitude
Satellite altitude
Distance

Tx Optical path loss

Tx aperture diameter

Tx beam half-divergence
Tx gain

Pointing loss

Free space loss
Atmospheric attenuation and cloud margin
Rx aperture diameter

Rx gain

Scintillation index
Scintillation losses @939%
Rx optical path losses
Fibre coupling loss @99%
Coding gain

Total losses

Rx power at Transceiver
System margin

Required power at Transceiver

dBm |37.0

rad
dB
dB
dB
dB
m
dB
dB
dB
dB
dB
dB
dBm
dB
dBm

Link margin @ 10 Gbit/s DP-QPSK

Link margin @ 100 Gbit/'s DP-QPSK

For
i s
does

enough to

not
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Unit |D_sat = 30mm and D_aircraft = 30mm

LEQ-Aircraft (Moderate Ground Turbulence)

5

37.0
30
1,55E-06
10000
500000,0
497009,2
-0,70
0,03
4,65E-05
95,68
-3,00
-252,10
-1,00
0,03
95,68
1,07E-02
1,07
-2,50
-3,00
4,00
-68,02
-31,03
-3,00
-43,00

t Ime haei

D_sat = 80mm and D_aircraft = 30mm

30
1,55E-06
10000
500000,0
497009,2
-0,70
0,08
1,74E-05
104,20
-3,00
252,10
-1,00
0,03
95,68
1,07E-02
1,07
-2,50
-3,00
4,00
-58,50
22,51
-3,00
-43,00

—
dB

-AEOcasafdepiTatbd &3 ® nmm a per tbwn e

rscart aefl tl

i at

cl os e bitthfets |cirnekl seivibegaeped, tl ¢ k0 a@ai | abi

0o n,

received
12

t ahsee tpl ea nad
|l iamkai |l abrkeasgsi compatrepacee

lgir okis d

ctehod maigdé& r e ft diree
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Tabdlei nk Bud-GeoulpH A nk
LEQ-OGS Uplink (Moderate Ground Turbulence)
D_sat = 30mm D_sat = 80mm

Tx power W 10 10
Tx power dBm 40 40
Elevation angle deg 30 30
Wavelength m 1,55E-06 1,55E-06
OGS altitude m 602 602
Satellite altitude m S00000,0 S00000,0
Distance m 908498,6 908498,6
Tx Optical path loss dB -3,00 -3,00
Tx aperture diameter I 0,08 0,08
Tx beam half-divergence rad 6,00E-05 6,00E-05
Tx gain dB 93,47 93,47
Free space loss dB -257.34 -257.34
Atmospheric attenuation loss dB -0,31 -0,31
Cloud margin dB -2,00 -2,00
Rx aperture diameter m 0,03 0,08
Rx gain dB 95,68 104,20
Central obscuration loss dB -0,76 -0,76
Beam spread loss dB -0,26 -0,26
Mean beam wander loss dB -0,21 -0,21
Scintillation index - 1,80E-01 1,80E-01
Atmospheric turbulence margin @9%% dB -8,36 -8,36
Rx optical path losses dB -2,50 -2,50
Fibre coupling loss dB -3,00 -3,00
Coding gain dB 4,00 4,00
Total losses dB -84,13 -75,61
Rx power at Transceiver dBm -44,13 -35,61
System margin dB -3,00 -3,00
Required power at Transceiver @ 10 Gbit/s DP-

QPSK dBm -49,00 -49,00
Link margin @ 10 Gbit/s DP-QPSK dB -
Link margin @ 100 Gbit's DP-QPSK dB -8,13

Tabd4seh ows otr h athilf@rgd unElQ P i,nke. g. a, fe@ed@rmihi afkert urt
the satellitea i 506b®wuffeCGecd ecranl.i8Fko mm aperture on th
required.

=
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Tab3lei nk Bud-GeouboBn | i nk

LEOQ-OGS Downlink (Moderate Ground Turbulence)
D sat=30mm and D OGS =400mm D sat=8&0mm and D OGS = 400mm

Tx power W 5 3
Tx power dBm 36,99 36,99
Elevation angle deg 30 30
Wavelength m 1,55E-06 1,55E-06
OGS altitude m 602 602
Satellite altitude m 500000,0 500000,0
Distance m 908498,6 903498,6
Tx Optical path loss dB -0,70 -0,70
Tx aperture diameter m 0,03 0,08
Tx beam half-divergence rad 4,65E-05 1,74E-05
Tx gain dB 95,68 104,20
Pointing loss dB -3,00 -3,00
Free space loss dB -257,34 -257,34
Atmospheric attenuation loss dB -0,31 -0,31
Cloud margin dB -2,00 -2,00
Rx aperture diameter m 0,40 0,40
Rx gain dB 118,18 118,18
Central obscuration loss dB -0,76 -0,76
Scintillation index (after aperture|

averaging) - 9,82E-03 3,57E-02
Scintillation losses @939% dB -1,02 -1,97
Rx optical path losses dB -3,00 -3,00
AO split dB -0,48 -0,48
Fibre coupling loss @9%9% dB -3,88 -3,88
Coding gain dB 4,00 4,00
Total losses dB -54,64 -47,07
Rx power at Transceiver dBm -17,65 -10,08
System margin dB -3,00 -3,00
Required power at Transceiver @ 10 Gbit/s|

DP-QPSK dBm -49,00 -49,00
Link margin @ 100 Gbit's DP-QPSK dB

For aGL&@halwn) i ak30 mm aperture is Isiuf/Gciaennd 1t000
Ghi t/ sithiakcor dlaanbddee wi t h

Nowwoherent | inks require high output power to c|
an order of ma gsneintsuidted mpawed t o cohTehriesnt melainnsk st
empl oying coherent opticaleflGceriksntalcloonmsu nfi@rat mom
coherent 1|inks

Asoberent | inks requihae¢ sisgadlapp e dccéoshsa rhegnet ad OioSs
transcei veroptombhér pgsubormance within atmospheri
NEXASPHEREst om ASI C devel opmenkHowesa¢d dtai@ hDSRope
algorithms pavesfPEA® utwaksS IfCri nipl ¢ metnht eartd foonr e f ur
suppoeherdgyoci endy faodlher poi ndf GoiwamaPH Yeayesrgiys
FEC wintnht er faca@itveraittiymenec la@ma slkeevtesluyyc heraassur e de
opti mMoredat mospheridecwevhehiemell e ment at i ognob aynwand esi g
the scope of the project

Optical |l inks are inherently more secure tha RF
i's muchtdsaalel @rl | umi rReFt d.dl hkrse andfleeersmogrnea lc hal | €R™g i |
t i stteeint hout the receiwumnlg efaffrdrntes noti ci ng g
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2. DnBoar d Pr oRleastsfionrgms and Rout i n

Advancemsbaomrdcesisvegenabl ed modern SATCOMgiptagl oa
channel i seree,d MIDECH DACancch aiimesr easi ngtl g Geapabbei s

uropean
Commission

( SDR) and-de6Ghewarne t( 8®NR i nfgr amewor ks . Experi ment
payl oads have demonstrated the feasibidiatenafy ho
useil ane processing in orbit, whil e comméryci al

support flexible beamforming, dydreaam o ouwandvwi.dt h

However, -traalddragantonpr oces s orrosgee nFsP GAsCs amulr rheernttel y ¢
a fraction of t men dc amepnwotrey  deamsdiwtiydt h required f
executi esnc,alleartgreaf Gc aggoegpatieomwde &t od&dge(i onali
etc.) andcanst thayi tsktdrri ct power annd ptahrearl nkdetly, b updr gees
SDRs often | ack the instantaneous-chandwr dtshi,ppo
needed for wi deband NR ope+RaAtTi opnr o@aressi mg| t avine &
SDN/Wgupport complicates the orchestration of r

all ocation across a dynamic constellation topol o
TabBTeechni cal Chall enges and Limitations
It ems Details Requi remen Limitations
LateneysbGi|THybrid ARQ fFast Process/f1SIlow clock speed
Control Loo|fLink &itdoanp t fDeterministi tol erant compone
T Scheduling fTTight PHY an fLimited resource
fBeam Managemg | ayer coupli|fPower and ther ma
T Power Control
SecureRMi gh| 115G upleane tra THi eshpeed enc|fTLimited resource
Encryption Tlntsartel lite fHi gh memory throughput)
TSecure Gat ewg
Dynamic SDNfYDynamic VNFs |1 Orchestrati|f Limited memory
Orchestrati|TMigallser vi cesg framewor ks Storage, etc.)
fRecondGlgueuti Y Stablé¢atleaw T intermittent |
1 Ad aipuRee @ li me control plalT Harsh-tbaektant
net woliikncg requirements.

Thebemitations | mptaicltiosfatesnmttrbefl e cittievel it nkne, rwhiei @ g
and di str ipduatneed awnmscehror i ng remain chal |Eefnfgorntgs wi

undertaken in Task e8ohGguwmwvallienandenmaddeldarOB®PDR
architecture, incorporaddangl emat e cerscae ysihmg dwla
wavefor msi rathdadab cardg | asnerwfor kmeé o support dynamic
RAT integrat-computindgesgevices within a constel!l
A key el ement in evaluating the feasibility of
SwaP analysis, which determines whether the proc
can be integrated within the physisatlel Imatses ,p aynlo

This begins with estimating the computadndnal I
edgeomputfiumgtamdhhsmappi ng them onto candidat& p
accel erator conGgurations to derive expecteg p
memory bandwi dth requiremeetes.cofpase dCGawrae sn &t a
pl at-Fevell constraints, incl  udidnag@teawaialremml, e ppawnelro
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mar gins, and ther maTh a i rsesanplattuir oqiuecmatphadchipttyhe pr oc
density achievablceonwt thi ghlmighdii org bauw dil lealelck s
architectofrfhdhe tgaalle of this issyystemanhsorappheao©OB
remains scalable and compatible with the overal/l

SN

2.2.10BP Architecture and Processing Technol
Onboard processing (OBP) refers to digital si gt

onboard the satellite payload, enabling communi
downlink or wuplink transmission. I|Inpicpatpayltoads
OBP enables routichgnhnbkéasanodi omrengge,ner ati ve proces
directly within the space segment. Thdeéndédinct i
communi cati on architectures by enabling dy nami
management, and redwoceodndeperfdearsdy ucrn ur e.

The evolution of satellite communications has

payl oad architectures toward digital and regener

adopting Digital Transpar ehaGrPad creasywbbaesd g @DriTePrsgt, i
payl oad architectures to provide greater fl exibi

demand. Such <capabilities are phetiest@ardly nenp
(NTNs) , where dynamic beamgmanapement rout ahnh@Gec
integration with terrestrial 5G and emerging 660G

requirements.

For regenerative NTN architectures, OBP pl ays
managemengat e@lnltietre -ploauntd ngr o wessapPiprognu lpfinder r adi o
accetseschnoll R@iTelse i ncreasing complexity of t hese
evolution of onboard processing pl atideGmedt owa
archit&ketcemeés devel opments have also seen the ado
architectures thapurpomkei npr ogessoals , dedi cated
programmable | ogic to balance flexibility, perfo
However, the i mplementation of such functional:
di gital processing hardwar e. Current OBP archi
Programmabl e Gate ArraySpddFEiPGAsl)ntoe g rAlp®s),c@éad omi
presenting distinct advantages and | imitations.

-

)

I
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TabTFRPGA ver sus -OXSIsC fTorad®paceborne OBP

Flexibility
Reconfigurability
Development Time

Initial Development Cost

Unit Cost

Thermal Efficiency

Power Efficiency

Performance Density

Risk During Development

Prototyping / Single Satellites /

Best Use Case Optimized large constellations

Evolving missions

FPGAs provide reconGgurable drdpitalupddateéwaraadt

modi Gcations, offering flexibility to adapt to e
st andarids .malk elsa FePdGApr ocessing particularly attra
phases ofdes@Grifdadvapédpweades, this flexibility typi
hi gher power consumption and | ower computational

solutions.

ASI Cs, by contr-daes$i gnaerde icnutsetgorpatti endf & € d rdceudiitcsat e c
processing functions. They generally offer impro
consumption, and reduced vol ume, comaskirmg nteldems aa &

payl oads. HoweverdepADlyGee nlta alkg cpaondBtg u realuii Iriet st abl
requirements and signi GcanTh apd rdfnfasd eaervee | pg mteind¢
relevant for the design of flexible regeneratiyv
mi ssion requirements.

Currentfotdreat e onboard processing architectures i
designs that integrate reconGgurable |logic and d
ef Gciency while maintaining opermntaomiadalf |iemplbé
remain constrained -dbfyf abepteweseinstreendonGgalid@abiehi t y
hidgthroughput processing.

Despite advancementAsS| Caond FPhGAA er ogeneous onboar

architectures, current regenerative payl o-ad i mpl
of f between flexibility, computlands edc adyetfende nc )
adaptability but are |l imited by pbwsedasdl uebsor

achieve higher ef@epémnygyemat fll axk bpdstty. This pe
a design gap in achievingemot hsahaid gh daedpa potyanbeiniti tiy
NTN scenarios. The regenerative processing axchi
by this gap and targets a balanced approachtk b e
ef Gciency.
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2. 2. 20BP Sizing Drivers and Platform Constr al

The design and feasibility of onboard processin
requirements drdebpaodesyafstizi a#g drivers includ
throughptu@a nd elnat ency target s, beamforming capac
active user s, and t he compl exity of onboard f
processing, beamfcormpiutvgp,ngd mchdesdges descri bed in
flexible payload architectures §S®2r/ SEXKSragenkRG68O0
processor studi es and ESA regemneprjlaGt]i lvrecrpawl og
t hroughput and processing functionality scales
me mor y bandwi dt h requirements, and internal d
architecture, consisteasewi SODRGpdiyholan mealdiPsGeivg i
architgdedbres

At the platform | evel, onboard processing perf
avail able spacecraft resources. Power consumpti o
as processing capability scal es|[ HHF egbtetrifyo rwnatnhc et h
digital processing generabaeseditgme Gmalntr éjeadt i dn
radiative cooling, making ther mal -cdemdirtoy m@ayylro ar
[1.2] I nternal data rates introduce addi tional C
bandwi dth and interconnect throughput | imitation
in Hihglhughput digital tPawledadrancdsBEPEABASICGI t ecCc

e space radiation environment further constra
nghvent effects ( SEEs) and cumul ati ve radi atii
l'iability and |[|ifetime, often necaqciyt atfiarug tn
l erant architecturelsaldeged dTOWMRpPonantsradbatoo
di ation effects-ggaideéelFiPGdslddidesepaapproaches
crease system mass, power consumption, and arc

- = =~ = (n -

S5 9 O O T

Consequently, onboard processing sizing for Ne
processing demand, but also by E)zeifhWeimght di Bew
capability, and radiation to,cemasrncd ewitt-llvdivtelt e s
spacecraft -afefsigmaltysaaease fpd.2fi gital payl oads

2.2.3NexaSpher e OCBfPf sTraamdde Devel opment Path
Sever al ar chioff d st wrhalp et rt ehcee -cefiv lvabrutt | @mb dr ds t part ec e

pl atfor ms. Regenerative archipiepxcd up &yl oandcsr eiars i a
tel ecommuni cations satellites duewto thekBncy,mp:é
support for onboard network intelligence. Si mi |l
processors increasingly dominatwepcomengsicngl r emali

| argely restrdmrcd efdunot iRfFn&.r ont

Future OBP platforms are expected to increaging
architectures, combining FPGA f | eaxsishiisltietdy rweksSiohu I
management to i mprove performance ande erfeGcoiuerddey .
all ocation and intelligent beam management ~1 nd
changing LEO network topol ogi es. -
NEXASPHER®E | D J U6
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To guide these developments, key performance i nc
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throughptuegnd elnat ency, beam capacity, reconGgur a
increasing onboard processing directnl,y tihmepgamatls
di ssipation, and payload integration, OBP archit

designoftfade

2. 31 Fi Transceiver s

Li Fi has matur ed ifgrhdam ceanrmuynivciastiibolne pr ot otypes in
optical wireless systems usismpgeewi dialilae taranisr ferr ari
environments such as aircralial Icsabi Reseatrrcahi nasn da
demonstrators show practical mefiwddgedl Isusdav erreidn ¢
rates from around 100 MbililJasnndapdaewdileSibons sbpeed
Il EEE 802.15.13 and 802. l1llébylfeorde mlduysmentad. aThhde
conGrm that Li Fi cammumeayv ichen nreeltii avb lteg, iRF chall e
but they are-APost|l smAPhgle@iupseaweadopen questi ons
scal ablaentrewmintai ar c hi t ercatue esshrogwte rl yi ntkkisgh pr ot ocol

hardware ef Gciency, exactly the areas addressed

F

or ranltteinna Li Fi wi t h-ofi harewotrrka | h ausn i g v esdt altesy o n ¢
l uminaires towards coordinated grids of optical
example is the emerging | EEE 802.15. 13 ecosysterl
reference architectude nxztoorsi sosnedt eadd ooer Et h
di stributed optical frontends (OFEs) in the cei
user by assigning OFEs via TDMA and simple MI SO
coverage and tsynorodthhemobtihan aggressive spati al
based 802.15. 13 testbed from TU Berlin/Fraunhof e
a

o]

h

c

I

central controller runs t henoMAG ean MDFEKY ,acwhialse
ptieals hto provide industrial Li Fi coverage, \
andl ed dadanml il gr net wor kit ovu Ig4tPiu dliieFsi  al naayl oyust es
entr alainsdeder control to maintain service contir
ight footprints, again using TDMA or sifmglle sch
Overall, the tremdiits atreawmdncesctoue etsr adhoanip | fexn t gu't
optical heads to i mprove coverage and interferen
focused -epalr®@omndustri alalspace&mnitniehtoidaflLti Fi Wi
single baseband unit and many coordinated ceilir

is where NexaSphere®s cabin design Gts.

For -Bpghkd -tpmaintt optical | inks relevant te gate
oft hert comes from industri al Li Fi and optical wi
outdoor itipFoii ngoismtl uti on i s lae:r eipressasaiinye aeg
achieves about 1 Gbit/ s over 100 m and 500 M|
communication, dynamic rate adaptation and <2 ms

active tracking is requiompdarandd t-bemar @@ At £ s
shorter ranges, Hriaus hgafDeorc kI PAMiSI®sr elliat e d opti%al
up tle2.5%5 Gbit/cemivieme thradveewaenen been used as pHdart

interface on the International Space Station:(l
NEXASPHERE | D J U6
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very short and mechdn®ijBatlt Wwgemronmbesai nwad extr emes
kitspramtdot ypesghfilfyerd Gbi toAs gohvteri nsdonorl ilnienk s, ai n

European
( n

short cables or slip rings in industrial applica
of f: cemndalmetopti cal dogikgalkiatn rm atacihd @i ttuireé yv; omi
range-bbEBd | i nkls Q@ubiotv/idewi th relatively | oose al
very |little published wor k -olraspsr oldiutks evvearenaef
speci Gcally tailored to herdrnafkt muaste bec eqrua rcikd s
tolerate smal/l mi salignment s and support short
Gbit/s@ m gate data transfer t herefore target s
alignment tol erance amar atvh aan-d gommo d pnétackyg rraattieosn. r at
On the protocol and system | evel, recent wor k I

5 G/ -Wi ecosystems and wusing more flexible protoc
closed LiFi COBLARPITY.) echhe i®sGa central reference
t hat i ntegr &tie 65 @nNR,L i Wii under a common -archit e
3GPP I nterworking Function (N3IWF/ TRGPP Bocasbbac
to the 5G ¢drag,h arcl mw distribute tr[a2f0Gtnacthess

testheds$Li Fi was twsagpdhcagyal micah access in an 1In
while 5G NR provided wider coverage, and the sys
traf Gc offload between LiFi and 5G. Thigs atiede of
as a-36PP access into 5G, beneGting from standar c
parall el the | EEE 802. 11bb ankandheCn tP Hayl Isa wasc kL, i F
| i pratsed | inks can app-Eiarbasdjiunsgt ospyesctaehresr awid ent
net wor ks. What is stildl lgarragdeel yL infkiis spil nag faorremso pt &
control over PHY/ MAC and can run complete 3GPP

fr emtd. Curtkielmit 5t eglt ayi ase pPypipcaetary LiFi mo
interfaces and throxatactckesm pDimltacKrom the 5G per
plan to use an open 4G/ 5G stack-ehgslr sRAN)hedierf ®@ate

aligned with ohetdhderéctieoature but goes a step
flexibility: instead of adapting 5G to a Gxed Li
programmabl e 3GPP stack, which is not yet widely
Finall vy, on hardware ef Gciency and custom i mpl
focused on -Hesend dERGHRAC Li Fi physical |l ayers de
communication ef Gciency r-puhposéehanrekekéJbaghBREE
802.15. 13 standard for industrial optAHHRYalamd r el
OFDM PHY wvariants intended for deterministic of
FPGBasedPH®PY i mpl ementation used ndateésvdlRiRg oy me
The LiFi for I ndustry 4. 0 -PtHeYs trbuendn i snigmidnmnard y c & mhn

availabl e FPGA evaluation board wihiurwosbe CRIAC
demonstr attiinmeg apeearlat i on and conGrmi ng teldatwiitrhdus
relatively | ow hardwathasedervi&€dd.i FEamplrioemt yRPEA,
t hroughput, have also implemented custom PHE/MA
il lustrat-spgci Gat andakd Li Fi designsogncpapgg &m
and can be tightly tailored to application c@hst
architectures dandvhiic hs drhe Padsves s i2mpriei Goefdf | MAacd ef c
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to FPGA or SoC hardware to avoid the overheads a
At the same time, most exi sdaomml ipaPrbiityoloppesatt ang e

N

European
Commission

narrow industrial scenari os, l eavinght weni gletd kix]
designed speci GcfaQcliye nfcoyr beemecrhgnyar ki ng . This gap
dedi cat ebda sFePAdGAL i Fi i mpl ementati on, which serves
for comparing energy ef GdiFdn ccyhiggeitrss tsbuacshendaesr cM a
devices.

I n summary, the | i mitatanotnesn niad eartcinGadecg @r dsgy hmu
throughput optical Il i nks, protocol flexibility,
devel opments pur su®d 2i,n wlMé x&aSpahdedrreess t hese gap:
transceiver designs presented in Section 5.

2. Mul-dtand Antennas for NTN/ TN | nt

Within the scope of the NexaSphere project, t wo
devel opment and validabaod: agtenaacdmbi med oku cKa
(ii) a chamwdcftl &ta antenna for automotive use.

2.4. IMul-Band KuUOtWi KEaAnd £ nn a

This section reviews the state of the art in s
NexaSphere avionics use cape,0Ghiet stpantaibd el anol fud
of supporbtamdg Kw/IKa ¢ ommu nmaochaitliiotngse a porré ohfi ogrhms .

Phasterdray antennas are electronically steerable
narrow beams by controlling phase/ amplitude ac
tracking and effablei sqathilghtedatt anksuancmesr bwaee |
and Ka bands. These bands support HiZpgén elrhartoiuognh p
constellations for broadband 1| FC.

Active phased arrays are electronically scanned
beamforming network (BFN) to properly adjust the
as sketkihge@r e n

They are typicalahny -bkan d aabp pel ifcoat iKouns because the
and allow fast beam pointing.

I
)
o @
FigB8ketch of phased array architecture:
NEXASPHERE | D J U126
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However, this solution i mpli escotnhter oddeda ngf dae vli areg
i mpact t he net wor k i mpl ementati on cost and p C
concentration of el ectronic devices i hadel i mit
real icfatefofne dtiiswse @wmdadaton, causes a | imitation of t
to the BFN®st hesmese, since the distance bet ween
frequency and thfei ewq@Uti o edv &Gied dgrating | obes in
di stance between antenna el ements must be kept s
the antenna may become | arge when a high number o
arrays someti masrgheed mpewadee matching (WAI M) s
guarantee the matching and the ef Gciencwrehen t
usually fabricated on multilayered printed circu

Sever al vendor dcoamrneercdcepld i sepranrggy s ol uti ons. Mo s t
based w@wmosltowdelrintaonn um chi ps that i mplement a ful
end, name-s i fpthaarsse, ampl i Ger s, Fi gaid mbiAn astiinognl en ect
usually can feed a number (4 / 8 [/ 16) of radiat
vendor s of ;otthhoesres cahriepse mer gi ng as wel |

(2] {408 anslog) (3-8

{EN)
Bl

]
i
f

g
33

EEE{ |
|
i

AL @
| E
i/

\

1
I

FigdBkeock di agr aem eorfe ditdhreklaf pluased array silicon chip

An exampplreodoufct i mpl ement i ngo mMmmerkd ilvgthiieSHjhg uprse i s
5[ 2.3]

(a) (b)
o

Fi gbHeSKy ter mi nal (a), Ka terminal (b)%

+—
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Si Ge based phased array hafs2dleen|[ 2Bkenft2dhsdmimohrs
i mpl emen{f @&inphoya separate phase shifters for th
results in potenti al phase errors between the tI
and process variations.

European
Commission

The c¢cl asssprads edrdtsdi4dni n[ 25] ,ugde 64 ,si[mRgil]le das8si ve (

RF phase shifter and result in excellent tracki
reduced chip area and power consumpti-omst Hame v e
| oo.avf Gci ency in temmsioh powet heompplication targ

Similar to actaybapssidhsed a different principle
hol ographic beamf or nAingg6,mmend pasnead (HB FBi, v dtna l Comm

Tuning

Radiating Elements

Elements

Control
ASICs

a) Free Space Side b) Reverse Side

Fi géHel ographic Beamforming Antenna

This solution is based onowacfoeapdiendgtloi eachor adaa
wit hirnow bhad there is a tuning el eméepmaassboiwat ed
i Fi gda.e The tuning el ement swhircech crmoartirpodll setde btyh eA.
and phase of the signal at each radiating el emer
di mensasonsshorwng ubme The details of the beamforming
hol ogram, hence the term ~ Holographic Beam For mi

; .\/m
% /\.

i < A
Radiating Elements % g

Tuning Element

Power Feed Line Couplers
Amplifier

4 Transmit Input

D Receive Output

Low Noise
Amplifier

(a) (b)

t 1 @sT1
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Figuaprp Hol ographic beamforming antenna block diagr am. |
affecting a feed wave propagating through a

European
Commission

HBF antennas are passive because they use no ac

reciprocal, forming the same beam pattern in bof
ampli Gers set the power |l evel ohotbe amphs@chatsb
received signal. Owing to the difference in arra
ti mes as many radiating el ements as an active p
directivity. HBF trytpriclal Al @ ape ro nZ25 dtiwnitmd eloe m
ASI C sets the control vol t agtehwm pdti ear itrog etalcen kI«
uses no phase shifters and only one ampli Ger for
whil e APA requires many of both.

The tuning el ement s-casedisihgyteéhBes saame Itoewchnol ogy
smartphones. EdtGké emaiyni sr iomiec al parameters.

Anot her kind of el ectronsi cahkby meltasmdet d miednd reman
Met amateri al s ar e synt hetic materi al s that ar e

properties not found natural |l y,Unslunckhe uarsala mmaetgeartii
met amatRbkirelad st ri ¢ properties are determined by t
Sstructures that are smaller than the wavelengt

interacting with.

The size, shape, orientation, and conGguration o
can be designed to interact with electromagnetic
other unconventional properties in certain freqglt

FI at antennas based on such technology work on a

arrays. The radiation is produced by the cumul a
are excited by a travelling waeenaBSuchypmalaindr a
pl aced together. Their scattering behaviour i s
individually switched on and sotfhfe tdoesi oeds di he
Met amabasikdl antennas and speci Gecally l'iquid (

commer cibyl Kygm@Pdr Ku band applications.

The Kymeta approach is based on a diffractive
hol ographically. This holographic approach to b
resonance frequency of each antenna el emdret ¢t o
di ffraction grating. The metasurface is printed
periodic array.

A travelling guided wave feeds the structure an
control to resonate at a certain frequency and
Fig8aeHBi gA.r e

o
o
@
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Fi g8Met amateri al based antenna

ANTENNA BEAM PHASE FRONTS

Jre—

METASURFACE
N

FEED STRUCTURE —

GUIDED WAVE

Fi g9Met amat er i al -saenctteinonm cr os s

The el ements that are physically spaced such tha
at the desired scan angle of the antenna beam (w
el ements) are tuned to scatterostromgplyasevhat e d
SO as notas os k adrtilagedd e n

DETUNED

TUNED (ATRESONANCE)

Figdfokrol ographic mechani sm of beamforming with me:

The Kymeta metasurface uses the controll abl e pe
radi ati nByelagmdryting a voltage bias, the Iliquid
effective dielectric constant associated with th
of the resonant | ength of the radi athi red eaneenrhe n tns
similartambhendédol ographic sBilwuoti @ain Gommwared Ogi vo)
advantage of this approach is that the design i
fabrication processesyvolsomé tpri ad ucutiitoarb.l eMd roero vheir
compact and | i ghet wehiegthte,amarnd wilrectrically steer e
m :

oving parts O
However, t he us e inplies domeglimitationscduey te thail sensitivity to )
temperature. Fur t her more, the power needed to recon@gur
bat tpeorwer ed devices. -
NEXASPHERE | D J U6
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=
Each el ement has a spiral pbohpgied adadavhiots er a eil att é &
depends on the orientation of one el ement with r
to achievescdcammi rboggapr eci si on by Gnely controllin
array through mechanical r-ouat ngnof Obhhthel etmbat
mechanical complexitHheff olhkbiweungra ra estevsop kr. e
t hki fferent preedient erdeiviesew hi s
Tab8Gompari son among different technologies for ant
Antenna concept Beam steering principle Main advantages Main limitations Suitability for NexaSphere
avionics
Active phased array Electronic control of Fast beam steering, no High number of phase-control | High, but requires careful trade-
antenna phase/amplitude at each mechanical tracking, high devices, high cost, power off between performance, power,
radiating element through an reconfigurability, suitable for | consumption, thermal efficiency and cost
active beamforming network Ku/Ka and multi-orbit management complexity, BFN
SATCOM losses
SiGe-based active Integrated RF front-end chips Compact integration, Still costly, power-hungry, High, especially for compact
phased array controlling multiple radiating scalable architecture, good efficiency limited by active electronically steerable
elements compatibility with Ku/Ka flat- | electronics and losses terminals, but SWaP-C remains
panel terminals critical
Holographic Travelling-wave feeding with Low-profile, reduced number | Passive aperture needs Medium, attractive for low-
beamforming tunable elements controlling of active RF chains, external amplification; typically | profile terminals, but efficiency
antenna the scattered field potentially lower power than | requires more radiating and scalability must be assessed
fully active arrays elements for same directivity;
efficiency remains critical
Metamaterial / Reconfigurable metasurface Compact, lightweight, no Temperature sensitivity, Medium-low for avionics unless
liquid-crystal steered | where tunable elements moving parts, compatible reconfiguration power, limited | efficiency, thermal robustness
antenna scatter a guided wave to form with high-volume LCD-like suitability for battery-powered | and operational reliability are
the beam manufacturing or highly constrained platforms | demonstrated
Mechanically Beam phase controlled by Fine phase control, Mechanical complexity, motor | Low-medium for avionics, due to
reconfigurable mechanical potentially good radiation network, reliability and mechanical complexity and
metasurface / rotation/orientation of performance response-time concerns certification/reliability concerns
rotating-element radiating elements
array
2.4. 1. Review of products
Among the wvarious companies that manufacture sa&
highlights three particularly pr oAnhils.iSPgA QcHoend ee n d e
companies have garnered substanti al attention
signi Gcant strides in the Geld of satellite tech
as some of the most noteworthy players in the in
T ALL. SPdAeCVEe| oped an ~array of array®°® coneept, w
based system capabl e of murlea cbhleiavnmg rcyovieiralgeef o
(Fi gage and working in both Ku and Ka bands.
|_
N
o
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Beam 1
Beam 2 e

110

112

150 — Y, T
Feed Position 2 \ Feed Position 1
152b

(b)

152a

FigaddeLL. SPRACER) view of the |l ens antenpa) meittholl bédamwst ed
net wor k

This system employs an arrangement of dielectr

radi ation beam. When the underlying antenna s
beam also shifts, moving away from bdreeoirglyti na
This mechanism allows for controlled tilting o
the antenna's poasthienappaponged, individual pat
are sequentially activated, not al/l at once. B
di fferent areas, the radiation beam's directio
switchabll en dohe@mrng a niirstea an array, a precise steece
through phase shifts across t he @netnesnensa. sDpeascpiint
needed, this technique maintains | ow grating I
hi gher freduwermdinads IHokvever, the resulting syst
due to the necessary distance between the | en
array.

1T Star(Figlhr2g uses a shared aperture hybrid beami
the system mechanically steers the antenna ar
el ectronically steers the array beam for accur
0 513 mms alnidmihtaed performance details due to i
empl oys both mechanical and electronic beam st
reduce the array's size by enabling physical
reduceeedhéon electronic steering, resulting i
to a 500mm | ength. Each terminal ' sa@aaorddiicnidg otno
SpaceX's April 2021 statement. While the desig
it's unsuitable for wvehicular Mogse mregrihaddg pu
Stardelnkaseydlactobhic ver siwhn bdafeatdh e psricgohtgéic,a

)

i mpaant the competitive | andscape
@
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FigdaeaSt arTeirnnki nal . ( b) A n€aezsoi nu niAesr it nmionnaal | . (c)

Amazon targebandi ghequ&ddi. 8s GHE7.at re28i e anc
GHz at J)trhaaBs emi.t iTnhhkeuaf o st ,verveetnellyess i nfor mati ol
regarding their ground tsaryndisabdr amt pnfiageuwrtea dr i
1D. This antenna array developed here combi nes
el ement and results in a 1:1 ratio of Rx and T
10GHz difference in frequency betweeea Rx ar
variation in array directivity for each Rx anc
small er Tx subarray &rga®éshawnoiumeor dmgel emen
not needed to meet the directivity requirement

l

Unl i k&t arldeitneknna array, the feeding network and
manuf awomhuaesdi ngle PCB board. This will add com
allow for higher efGciency and greater perfor
Finally, this design uses purely electronic
componerutgggesting greater bearmfatoln ani ng e pelr d pe dna
Star.|l iThk s system only rpeogluarrigssadtei osno n g R eandc @
RHCP for receive and LHCP for tr prod mirti saffhaos
reconGgurability, and this can signi Gcantly si
choice does | imit the spectral ef Gciency of thi
in design choices between thesetheaodisiybéeeeamscea
frequencies between the Rx and Tx bands. The g
t h®t ardyisntkem Rx and Tx bands has all owed two TX
el ement . At tuhte l|fiyseejdne@naemn ekui per, this would ni

Amazon's Project Kui fhearn dh sapnarételed epeda ime ekia X
R X) phased array antenna for its customerl te
component of their sHdvwdwveart,e tihnet eRrnoejte cste rKvuilcpee. |
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service and its corresponding customer ter min
available on tHee edéperma marlkh&tdown of the current

T Devel opment Angatzactnushas successfully devel op
i nnovative phased array antenna architectur
compared to traditional designs.

1T Service Robjeoat: Kui persclad gandetph®y meht of [
constellation in 2025 and is planning to s
customers in | ate 2025.

T Commerci al AVhe bkadanidl pthwmsed array antenna i s
the Project Kuiper customer terminal (the e
service). It will become available to the p
of fering when yAmaamnmr hefsGoioadmer ci al | y. So,
exists and is being produced, it is not cur
be bundled with the Project Kui per service
and available to consumer s.

T Thi nKomdasndKaantennas t hat use their VI CTS (V
Transverse Stub) technology are commercially a
t he CommuanroinAc &Md wens( COT MBI iaghidt IT@Qonnectivity (IF
'single aperture" aspect is key to their techn
are technically mechamiragl lamteneased whhadhedr o
ef Gci encyrad el dwrm factor. Speci Gc model s t he

T ThinAir Ka2517 WiAdkeloy awd ed afedir] ihgihggh connect
on commerci al and military aircraft. Thi s
certi Ged for various satellite networks (GI

T ThinSat Ka500 ( Grnoturnodd/uMoebdi lien : 2022-0hor Com
t hrdove (COTM) applications on vehicles, S L
military requirements.
f Kymeta has announced a signi Gcant technol ogi c
demonstrat tampera usriencglng enna capable of operatin
Kuand -bkkend frequencies (four concurrent beams)

becuse it combines boprho ®laen dasntienntroa.one | ow
While the technology has been successfully dem
up depl oyment , t he mo st recent announcement s

breakt hrough demonstration t o wor king wi t h p
investamp) upothe platform for deployment.

T Cesi umAsbhrao®s AKai ve El ectronically Fsgam®ged Arr
i s a-gparRtation phased array -permonmhncdessghne

communi cations adefoesiscaanedr onsopbaicle,t y sect drs. Ope
21.2 GHz (rec#3ilv.eld) GHwizd (27r.abn s mi t ) -tbharnawsg h piutt d
connectivity without any mechanical -Baseding.
architecture that can scale from compact tes 1 ¢
pl atfor ms including aircraft, UAVdg,roamnd mﬁiml
steering of up to 160E and the ability to gene
seamless connections to GEO, MEO, and LEO s.ate
NEXASPHERE | D J U6
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he system achieves EIRP | evels up to around 5

T

dB/ K depending on conGguration, ensuring stror
video transmission. Cesi umAstro®s design integ
ampli Ger s, and calibration systems for precis
softdeaGaed nature allows flexibility in adapt
architecturesanelThéorfmaat reduces aerodynamic
complia vy, enhancing reliability in motion. Dem
val i dattdédnet bradve operati on, conGrming its read
def edepl oyment . Combining compactness, scal abi
band AESA terminal represents a major step fo
technol ogy.

The review of current airborne SATCOM antenna
solution simultaneoulsdryd pocowe rdege wifdel IKudlKact r c

pol ar irseactoindGgur ability, | ow pr oce5lfeec thiivgeh aerfcGuiite
suitabl esdalre | hemleoy mesotr biit fNUtNu rsey smhwelmsi. Act i v e
of fer excellent beam agility but remai nwhcheaell e
alternative solutions of ten introduce i mitat
compl exity, or operational flexibility. These
antenna devel opment presented in Sentutlbtand6. 1,
electronically steerable architectafrfe laétmeee mt
performance, SWaP, and i mplementation cost.

2. 4. 2Aut omotive Scenari o
With the ongoing researclyl abdl devehepmenttyowah

ter minal has to keep up with challenging and co
usdrerminals on mobile paiatdoafmsd @sbvtomohs!l ¢és)ai wi
connect with satellites ihhibotdalGIEQD famrd IiLMEOr ioa af
handl e the dif Gcul ti elsevberlougeetd sas By eghenbyghbf
bandwi dt h, signal strengthkh, tawaveatethbeamzet ew

cost €C9 WadPf these ground terminals have a signi
vi abhi leistpyeci al oyt Hreorv es aatpgppdmcati ons f oraragid oumodri v
platforms such as trains and-Cdiactwhaftth gisvdaofweee
bottleneck f®c¢e madticamottd vemal | i.Henhagleloptairend ¢ mac
awini,tbaut omoti ve f ediemsnowa tldaoanmmse rocri al |Ipyr oadweitlsa b |
whi chshoer taciolmatngneeds t oThe wardiress eantenna tech
as phased ar r aaynst,e nhnoal so, g raanpdh énmentnaonhaotgeyr iweelr e al r ead
iMlet aséctiinon 2hdr éf amve sWiilmppadi sHevwevtaron.some of
commercially available products speciWicth ot lmaut o
performance and mechanical speci Gcations:

T Star Mi nfik3:0fi tdhi me nsoifonasr ound 30 x n28 oama,ketshiuss et e
phased array ntheohbhahdghas a Gel degf.eelste wwei H sl
around 1 kil ongraavhepaamgder h a ® na @ BApOt i Vdafthtesf t e r mi I
sai d tmaxiiandeErwn!| ocoad obwyeed 200 Mépprice of thq%)ha

around 2,60Nde urloesn ea dadri g i onal prices for differel
NEXASPHERE | D J U126
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Fi gdaSet arnmiimik ter mi nal

Hawkd 3Hlawk8 i s a8Rubban@BQ@®reninnal from Kymet a
Gel d offr dunmioeavd & iptdde5 deglirteewsei ghs around 33 kilogr
power consumption of 70 Wattsnt®hloe seetmmpalr ait s
ratig9a 5oft o 42 HIBRBBWMnddat aof atd ps .
Figddkeawk u8 terminal
Intellian 3A@WitDéMNe cihanno aodyiee d56sexs 45 ¢cm compact f
ant emmma | and smanlgi IEiuttWelbs st ri®tm ewesi.ghs around 12
The terminalt obwmaseatgmpearatur, &€l RBt o6 Gabn.d® d BWk
downlink data rate of 75 Mbps.
f . ntellian
P
Figdablentellian OW1O0HV terminal
Hydr 838lydra dqudld nk -bamud ,t iMi | itary SatfCoonmmobi |
ALL. SPOACEHli mensi on 86 x 150 cm and Geld of view
around l120aKdt ol klhea@EO HTS, SES O3Sh amBR®WER, and
its variouslorbhas aepowersconsumption of 700W t
of links it supports.
I
2
D
NEXASPHERE | D J U6
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Figdeetydra 4 terminal

A | BWaBE terminal i's envisioned for the automob
i nstall at,whni cghl asttfaonrdrs i n stark contrast to t he
required. The terminal antenna t@éaperi tzer eanmu scto sh
constraints, whi ch straight awayFrloonwea st @& dleni a
perspective, phased array amihgnnae &ree ea afd otexn tsit
technol ogies due t o amageds tlrialc&k imigdgprseacdmsi on, ani
The type of antenna elements in taetdlerampl it hede
and phase excitation given to the el etmeatissftyn
the application requirements in a pharsqgeied, arr ay.

angoweonsumption areTdimakle awbeackfs.t he beneGts
arraysmusdanrar ch foofrf tsraaldeeti ons such asart@omyaned a
clustered arrays to reduce the total enbmbeént af

power consumption and costthel Qwtt edfe dtalnae-boeyye d chumi

architecture) is the most promising due to its |
net work simpli Gcation.
concl u-at pbaagys ead saurbc hi t ecture will be consider el

I n
the automoti ve fanr tl ekneriyan gwoiitnht st.h e

1 Tor edeutche manufacturing complexities, the ar
i denlty owalt h 2 el eanmemdys d al lae(sauste - d@sni gpro ®t ak e n
[ 3)4]

T One of the challenges with the above patch ai
which wi |l affect the Gnal duwatt ial hiedetoau 8@®f t h e
printing knowledge and <capability to manuf a
( DRAS3) Which are known to exhibit | arger bandw

T The bottl eneck-aofbasgs eadck gaurlraan gaihent i s obvi ous
of grlaothiessgpeci ally during steering. However,
with-zaagzidgomi no arrangement to reidmgreoiReé e gr a
overall arraly3.@lerformance

The above proposeudt iméindhedtd ewiolplmeime of the autom
in NexaSphere. The details of the devel opment so

2. Fl exi bl e abEnfdf iRowenrt Di saggreg%t

RAN di saggregation involves separating the tﬁadi
Unit (RU), the Distributed Unit (DU), and the Ce

NEXASPHERE | D J UiR6
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has been wi dely adopted in terrestrial net wor ks

devel opment and reduce the RAN capital expendit
di fferentt heeRnM@Nst andar diogdayt ihoans ttheGniend er communi ¢
i nterf aeferson®@pheru | (O€Ebiht maomld tFHe toommuni cation be
DU/ CrUespectively. However, applleyiregtthiat &dethwobr &
presents signi Gcant chall enges, mostly related

synchromissatison

A 3GPP NTN network comprises three main entitie
wireless access), and the ground station (which
3GPP has deGned two distinct archi tsepcatruernatl Mopdtei
and Regenerative Mode.

I n transpasrheootrFimpifeeot h t he DU anBarQ@uW .r elshied es ad re

performs minimal processing, typically Ilimited t
While this offers the simplest design and | ower
incurs | omngéep tomed for otnhet hteerRMAM atl ranging fr
el evation of 90E for a LEO satellite at 600 km)

extended RTT di sgatclhy o #@ied enmteiesnn tthhee RU and DU, a
performanctagkerhpgbéncol s (MAC, RLC, etc.).

NG-RAN
UE o\B SGN .
D R Uy — El NG D NG (' Neverk
g j?: k\_,.}'/
Gateway
A : S/
Remote Radio Unit

Fi gaimeG NITMN ansparent Mode

I'n regenerabhbowdigpadBehe DU resides on the satelld]
or may not reside on the saEaeltlhi,t et haesn wehlel )E1 Iin
i mpl emented over (thhee fwiededreslisi nkhhertf elclet hbee t ave e r

ground station. ad at elalsiet eCU tihse owmi rel ess interf a
which connects the core with the gNB. This conGg
ranges between 4 ms and 13 ms depending on the
requiresitbepapteadatt to have higher signal proce s

i ncreased power consumpti on.

t I BlsTl
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NG-RAN
UE
gNB-CU
ﬁ - D NG ( =
F1 over SR _"lﬁ
NTN
Gateway
NG-RAN
ghNB
e NR Uu LN f’ eta
Iy B B
NG over SRI _&
Gateway

Fi gdaBeG NTRlegenerative Mode

The F1 and OFH interfaces differ fundamentally
from t he undeTralb@benlgowmma reitseeisr key di fferences in
andynchroni $hei ORH interface transports raw |/ Q
which demands extremely tight ti msggchdehiesai no
Because of t hteisnee sctorniscttr arienatls , OFH cannot be decq
compromising the integrity of the radio signal
di fferently. lts trafGc i s -Hayemrtnrcobly afhEda auesteiry i
signal Asng result, it doene rdetadil mMpmese hHarsd eraaag!l |
the presence of active UEs and the volume of dat
Split Option 2 (F1 carried overabtlhee fwiirr ed ersesg @ me
payl oad NTN architecture, where relaxed timing
design considerations.

Tab9FR1 and OFH i netnecrefsaces di ffer

Interfacg3GPP STi ming Throughp|Synchroni {l mplicat
Option |RequiremRequirem for NTN
OFH 7. 2X ExtremgHi gh Strict Long
tight < propagaé
l evel) del ay s,
vari abl
|l at ency o
)
FAPI 6 Ti ghtt egHi gh Strict Long R D
extr emeg > S -
NEXASPHE®E | D J U126
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F1 2 Loose Moder at{Not strilResi |l i ¢
NTN | af

Nonet heless, unlike TN, NTN is extremely dynamic
I'n such cases, speci al control operations must
seamless connectivity to the end UERtel Thgsatopee
handover procedures. To enadlNl et ehkesgemptro€Cedur esk
depl oyed al ongsMareagtehnee nSeravnidc eOr chestr,ati mmst( SM
mai ntain constant and tight moni toring of t he
necessary control actions through the E2 interfa

The feeder Il i nk, which connects the ground stati
uni que t o NTNs ptehcaitanlairesqgeudi meerst . As a cruci al part
system, procedures for impairment mitigation mus
link in case of failure or atmospheric interfere
of LEO s attehlel ifteeesd er ' ink must be established a
satellite switchover takes place (i.e., when the
ground station's geogRelpehasgérmBave nagdTAréank c
established bet ween the UE andthRANaspertas odt elhle
mi ssing tbeeRANIl el ement to function in a network
we will work to address in Section 7.

2. &r o6tting Energy Efficiency Ch

Energy ef Gcienaytiimg aclhcalolsééRBec amp ¢ sfemsag ac e
opticasataend ite t rbaomgdeirealdeFrisd-ohagn, d antennas, i
di saggreganasdhRANI i ghted in the NexaSphere propo
platforms, and mobile terminals are inherently ¢
whil e being required to support highk ohantetacytri avti e s
across the TN/ NTN continuum. Across -aflfil bhetcweonh C
l ink robustness, signal processing complexity,
exacerbated by mobility, | ong pr opaangneetli ocno nadii stti aor
Addressing these challenged Gcegunires ansteiomdry
designs, bud eaksoisyegemti on and adaptive operat
and optical links. eXpbasdeaspecthewi dur beg t he
captured in D3.2

2. Gaps &€&mal |l enges

Despite signi Gcant advances in RF and opticalco
remain that hinder their ef Gcient useaice opt £gas
l'inks, current transcei ver s eecxohviebriyt -8l bi nmoistpebds srioch u
l i nks, Ieadingrespncihrre)mﬁatsmeﬁtdmdes;traths'erer t.da mk
NEXASPHERE | D J U6
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systems offer | imited ranging capabilities and s
optical link distances, particé&bar lssyamwgted eorp ta tcmad
wireless systems such as LioFit,i ntiosrerdehtat-scabéi s ma
depl oyments and provide |l imited flexibility 1in
eneredyGci ent hardware i-mpbemenyaenensonmeht gh

For-bmmard processing, current satellite payload p
capability, memory bandwidth, radiation toleranc
and power | imitations. Thesel ccyomesnitr adfntasdvamoed t
functions such as routing, packet aswidt phbngssing
RAT integrat-computindgesgpport in regenerative NT
For antenna subsystems, exist-pagekl anteonnacsabl yt
face |Iimitations related to power <consutmgpdtriiomg e
compl exity, cost, andno binltietgy atpit @y € d nprihsa. s ehd g la r r
hol ographic beamforming -Basednas| uandnmeecfafodat pr e
bet ween performance, i mpl ementati on compl exity,

automotive TN/ NTN scenari os.

For di saggregated RAN, current open and di sag:
designed and validated for terrestrial depl oy mi
chall enges related to |l ong and variablmebpld dopagat
feedl e nk swsiytncchhirnogn,i aatti ser vice continuity acros:t
These | imitations affect the selection of suitab
procedures for future WP3 and WP6 integration ac
Overall, these gaps and |l imitations provide the
addressed in the following sectbhomarsd grooees nign @,
antenna subsystems, and di saggregated RAN.

-

X2

D
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Secti AAr d3eict ur and Har dwar e
Subsys(tAms)

3. Use Cases Mapping

This subsection identi Ges the WP2 use cases tha
bl ocks. T hseh omarpapiiingy baseds eonc ashees de GB@Mdi mnD2. 1
the compemeht mapping perfor meRorbye atchhe W¥YP33 cpoantpton

bl ock, the mapping indicates whether the compone
correspondi bgreeltevanee means that the component
of the main technical solution or demonstrator

means that the component supports the use case.

Tabl e WP3 coBtp@nend ddoe kmapping

WP3 Compo Use Case Use Case Rel evanc
Bl ock
Fresepace AV-UCO01 Joint Terr Direct
and s a Satel-Fliite
transcei ve Connecti
AV-DCO 2 I ntegratid Direct

and -BGRP
technol og
access to
connect.
AVUCO03 Joint conn Il ndirec
User Acc-—e
FI ight Ent
ATMICO1 Connect e Il ndirec
Aut omat e
Passenger
Ur ban Sce

ATMICO 2 Hazar dous Il ndirec
War ning

ATMICO 3 Software Il ndirec
(Aut one mg
Urgent)

ATMCO4 Sedhrough I ndirec
Passing

ATMCOS5 |l Wehi cl ¢ Il ndirec

Entertainn
2Hi ¢ore Gni t

Content D z’
Onl i ne Gam =
Virtual -
NEXASPHERE | D J U126
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ATMICOG6 Coordina Il ndirec
CooperatiyV
Maneuver
RLWCO01 Joint Terr Il ndirec
Sat el Ibiotae
connect.
RLWCO3 Ubi qui t ol I ndirec
I ntegrat.
Rai |l way Mg
RLWCO04 Joi nt Con Il ndirec
for User
Onboard
Entertai
Onboard AV-UCO01 Joint Terr Direct
Processi Satel-Fite
Connecti
AV-LUCO0 2 Il ntegrati ¢ Direct
and -BGRP
technol og
of fboar
connect.
Li Fi Tr an AVUCO03 Joint conn Direct
User Acc-e{
FI ight Ent
AV-DCO 4 Joint Con Direct
for Gate
transf e
AVUCO0S5 Resour c ¢ Direct
Opti mi sati
Cabin Ac
Net wor k¢
RLWCO0A4 Joint Con Direct
for User
Onboard
Entertai
Antenna su AV-DCO01 Joint Terr Direct
Satel-Fiiteg
Connecti
AVUCO03 Joint conn Il ndirec
User Acc-e
FI ight Ent
ATMICO1 Connect e Il ndirec
Aut omat e
Passenger
Ur ban Sce
ATMICO 2 Hazar dous I ndirec
War ni ng
NEXASPHERE | J U6
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ATMICO 3 Sof tware I ndirec
(Aut one mg
Urgent)

ATMCO4 Sedhrough I ndirec
Passing

ATMICOS | Wehi cl ¢ I ndirec

Entertainn
2Hi ¢phe Gni t
Content D
Onl i ne Gam
Virtual
ATMICOG6 Coordina I ndirec
CooperatiyV
Maneuvenr
Di saggrega AVUCO01 Joint Terr Direct
Satel-Fiteg
Connecti
AV-DUCO 2 I ntegrati g Direct
and -BGRP
technol og
access to
connecti

AV-DCO 3 Joint conn Direct
User Acc-e
FIight

Entertai

RLWCO1 Joint Terr Direct
Sat el lbiotae
connect.i

The mapping conGrms that WP3 components cover th

use cases deGned in WP2. Aviation use cases are
especi al | yf Itihghotu gdhonmect i vi3tGP,P layxlcreesd b3 @@ AFF-/cradn n
connectivity, and satellite antenna support. AL
through the antenna and optical transport chain
NTMupported vehicle connectiyiagdr Rasbdayyhueaghba
service continuity, optical transport support, o

omboard entertai nment.

3. XPl's Mapping

This subsection identi Ges the WP2 KPls that are

mappishgwidabh@®s based on the use cases identi Ged

deGnitions provided in D2.1. =
)
@
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Tabl®P3 componsin®Pimbppepk ng
WP 3 Use Cg Use Cal KPI N a Uni t Val ue
Compone I D Titl e
Bl ock
Freeac| AV-DCO g Joint Ser vi % >99
optics connect Avail a
satell for Ug Aggreg Gbps 2.8
transce Access DL
FI igh
Enterta
ATMICO4 Hazard Laten ms 100
Locati| Reli ab % 99
War nin
ATMICO0O3 Softwa Data R Mb p s 3.3
Updat ¢
(Autone
Urgent
ATMICO04 Sedhroy Dat a R Mb p s 15
for Pal Laten ms 50
ATMICO0Y | #ehic Data R Mbps | 100 DL
Enterta UL
(1 HE) gl
DeGni t
Cont er
Del i ver
Il i ne G¢
and Vi
Real i |
Onboar ( AV-UCO 1 Joint Ser vi % >98
Proces Terres| Avail a
and Sat
| &1 i gt
Connect
AV-DCOZ4 1l ntegra Servi ms <1
3GPP all nterrt
no-BGPP Ser vi % >908
technoll Avail a
Li Fi AV-UCO 3 Joint Ser vi % >99
Transce connect Avail a
for UsDL Rat Mb p s >30
Access UE
FI'i ghlUL Rat Mb p s >10
Enterta UE
AV-UCO4 Joint Ser vi % >99
Connect Avail a
for Gat DL/ UL Gbps >10
transf (Par kg
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AV-UCO0Y Resour Energ % >20
Optimig Ef Geci €
f or-Cd i Il ncr e
AcCccCces:
Net wor
RLWCO ¢ Joint Ser vi % >909
Connectl Avail a
for UsDL Rat Mb p s >10
Access- UE
board| UL Rat Mb p s >2
Entert a UE
Antenn AV-DCO1 Joint Tot al Mb p s > 850
Subsyst Terres Rat e
and Sat Pl ane
41 i gl Tot al Mb p s > 85
Connect Rat e j
Pl ane
Ser vi S < 1
Il nterr
AV-UCO § Joint] DL r at Mb p s > 30
connect UE
for Us UL r at Mb p s > 10
Access UE
FIl igh
Enterta
ATMICO] Connec Dat a R Mb p s 1680
Aut oma
Passen
Cars 1in
Scenar
ATMICO03 Softwa Dat a R Mb p s 3.3
Updat ¢
(Autone
Urgent
ATMICO4 Sedhroy Dat a R Mb p s 15
for Pa
ATMICOY |1 «Wehic Data KR Mb p s 100 DU
Enterta UL
(I \VH) gl
DeGni t
Cont ern
Del i ver
Il i ne G
and Vi
Real i | T
Di saggr| AV-DCO 1 Joint Ser vi % >98 %)
RAN Terres| Avail a @
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The diagram distinguishes between WP bl ocks anc
i nclude t hanslcieHi@etr swdnyas s,e mgat e dat a transfer |
transceibwarnrs, poamcessi-ngl, atted &IGemélBt s devel oped
WP 3 . External bl ocks i Wi liaucdcee s s epr o Famansi, gpareinit t, t y
functi o8san®VvVvBG mode ms, clock references, up/ do\

whi ch are needed to represent the surrounding te

From a segment perspective, the interface view
the space segment, and the ground segment. I n

connect through different acces 3dVN-R.iecThhneo|lLoigHie sp ati
represented through an infrared |ink between the
foll owed by an analogue interface towards the 1
connects t-oonrhectmuvittiy fEuUrheetrincert .t Hrno upgaWieElil el | t
access paths are represented through RF 1links t
i nterfaces t ecwanrndesc ttihvei tnyu lftuncti on.

The nmuwlntniecti vity function acts as an integrat.i
backhaul options represented in the diagram. It

uni t, WMsFegdNdBess peS mtodedVB and 5G modem.

The antenna subsystem is interfaced with the ¢
interfaces. In the represented conGguration, t h
converter usinpbamaa ambéofaee,l whil e t heo utph/ed own
antenna system through anal eS5g ureo dkeurl Kas ianl tseor fcaocnens
the antenna system through Ethernet and associat
included to indicate the need fotrhd iRF ngndansatsel
| i-m&l ated hardware chain.

The optical transceivespahteckptirepresemmunheatir e
user, spacetehntledreasgdtents. Et hernet interfaces
of the optical transceivers, whiplte capt ita aln sicreti e/re
The diagram capt@wresundotolptdapaade | i nks, such as op
the space and groundasegmenesppandal ntenks withi
the space segment , rt hientoeprtfiaccaelso awid nhp ctehicee sosni ng a
gNB el ated bl ocks through Ethernet. This reflect
capacity transport i nt e rbfaasceeds , c ownhnielcet i ke ¢ [yi nagv ap
processi ng eakdd fRIANt I ons.

The ground segment includes the optical transcei
grousnidde unit .-siTche a@ptoiumal transceiver represents
spatground optical l' ink, whi lee falcxro tprwavw iddi ntdg ea
side 5G gNB and related network functions. These

interfaces and represesitdéheouaberpaontyobrtbeoWR
The gate data transfarcepmandédctiisoshbsindvée bammd gdr o9 e

side gat e data transfer uni t s, usi ng opticw
. . . . <
i mpl ement ati on option under evalwuation. Q.
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he 5G gNB Dbl ocks are marked with an asterisk

segments to indicate that the exact gNB functio
on the selected use case, PoC de mofnesrternatt ogNB asl
options may be considered and | ater decided in
remain flexible while stil-basdadcnitnf i agnrtercet iroen

RAMNM el ated functions-poaptispsa bnege r aamsdp arhte, 50Gh cor e.

Overall, the interface view provides a common re
devel opment and identify integration dependenci e
interface types expected in WPBthenhearedheR¥,| eav
reGned in | ater project phases as tthe IWPRi wirdlha
wor k ewmldves, t he Gnal integration choices for th

conGr med.
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Secti cEme&EfyGci enBpakEreeOpt |
and Satell i twi tThbh@oas ce ic v enp $I
4. FreSpace Optics and Satellite T

The kBpaee optics and tratmcsceonveeswbrelh abd e OIS ss |
addition, i utibki@P@acsebbptitos andr o wempaked wkesr s f «
The optical links are deMsrmend ni nt hTe2 .oQitt eclasl v pt cessé ibke
to demonstrate hagrmo dtmxdpearcseatleilnlkist.e Tahi D uidmgeltudes
scenarios discussed in Seclthieon edtbemfcht @il 4 owsc d
el ements toepnbeedebawhei th an optical | ink in ¢t
optitealt bencha bkekatweesnource. and a data sink

4. 1. IPrototype Description

The prototype consists of atmeoptopticakestbekches
depi ctFéd @i0e The dat aviieen <Ed threa enfert o nsEwehredpha c k et
generBheo®rpacketi geplutaa etdheeswwhéchusing a 100M/1
interfaceanRl4dsy.concaast @alpg) bGtEAher net intB8FPace wi
connector

Thprot ot ytpeeniemtder f @b@e eids alnRl tranephrehtt hBhaeahet e
switch is conGgured to route thieEH #empretketsnh ®c t
with SFP cabl es. The FPGA, gampeplria¢cesather wacdeer
(FEC) ,cmdes the b,jtadds sygmhnalhss ofredirgda taipgprn i es si ¢
conditi onimRGA,Fe@al ted FPGA RFSo0oC is wusetheits m

e

space heritage of the FPGA platform,uesaliigtist ailnt
converters (ADCahailmeatgbnadegteabk (DACs) on the <ch
symbols are directly output by the DACs as RF
coherent optical t rueenmstme nt ft ®@c e .vi Bh e no mtniad alg t r ans
symbols onto the optical carrier provided by an
exits the opticldrcemmacicei veTheisai ganal Gibhten trav
the channel emul ator that all ows for emul ation
gener at i-oal loefd sppower vectors. The conGguration i
control PC connected to the emutsatand bmptheudka
l i ght passing through can be adjusted at a kHz
at mosphere are considered.

After the | ight passes through the emulator, it
the | ight back into RF signals. The RF signal s a
the RF signal into samples oanghbelsdiogiSeeildt.hdadamai n
Ther e, the symbafs$earearecever ¢d mi ng, and ph'?se
armapped to bitsyretbheahdadaf@aesl hyet he Ethernet(@_pa
Next, the Ethernet packets abetsisvenhchf womr € héeh &)y
NEXASPHERE | D J U6
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aVaiIabIe to, thre Htelsern mat Apmekp bt svaeaky, these pa
back to thei GhsanF8RBRntcarbilreg the transmit |logic

The destination system Bvhernemnh!| paclet st,hei .aer.ritv
compl etely transparent.

SFP
v
10 Gbit/s FPGA Optical Channel Optical FPGA 10 Gbit's
Eth Switch > 5| Transmitter [y Receiver > » Eth Switch
Emulator =
=] D a _d
T RJ45 RJ45 l

Figaoptical testbench to emulate Ol SLs and at mospl
4. 1.2Si mul ation Results

During the fade event, dvBiddex aan b etsynmmir easléehya na ¢l
milliseconds, the optical transceiver | oses t he
natively wused i n swapthi diosaAANGNobsa ramedl .arTeheamef or e,
abrupt fadeaeseostsyaltho ol ¥atsi oh ,osny nict)is.s olwmihser en't
to the ,amdanhbE transceiver cannot compensate en
|l ayer . One of the key issues fofatmobphernisg COTS8Ek
howeuweéereir rel atsiymelhy osliewtiren time after a f ade

amount of daUaithaKalpmamn o6ltter in combination wi
error daest eschtobwng @idfean i mp-sgue & me.
Kalman
TED filter
ADC Buffer |———|Interpolator ——

Figadkeal man Glter enhanced feedforward timing>r\eC(

I n order to demonstrate the beneGt of u-si n a
atmospheric link, the Glter is Grst simulateéetr i
identical to both implementationsl yfcaoimearkab]ma.n
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i mple Iinear model is used to simulate the ti mi

S

is set to a congnodadrtitiBégppsmt oWhieans to the ti mir
that the TED i-bioebiasandd ghasithe channel it sel
ti fdeependent variance. Under these assumptions,
including additive whi-tep&adenat amanbaneewi Thet de
is 4@odBesponding to an i nttroedls®T hien dwuarraita nocne offr
i sO08Qpdat eab. GAltz samplaln0g Qba tteP SKIDPystem at Nyqui
sampling, this 00®r rldd2MWbsT d=5 &8 omAWpaEat es106f the Gl
conducted per simulation run. There are 100 runs
from a uniform distribution in interval [ O, T _ s
error residual i sedeGnedeasiifierabhsel bet ween th
the estimated timing error. The unGltered ti mi.]
residuals wusing the Python i mplementation and t
VHDL i mploenmeanrteatdbser ved afvtiesruadhaech espidrnt tsea cGlFos t

rubhhe 668afi points are gr ouopfe dwhiinc hb atthceh ensa xoi fmu5m
taken. Thi s?590ekdd42600* p0otted points per y val ue
and maxi mum of the runs in each update are pl ot 1

]

Fig@rkehows that after the fade ends-basedi ngmiena
recovery system i s feqwei rtadnitngg eachioagve Asrea sing
sampl e durati omnsBP&EK 35§ s GEEMiGMzt Fampl ing rate wol
1024/ = Og &80 nc duration. Increasing the bitrat:
rate to 50 GHz wouldtd 0 eB8R0tusni A9d4a80 This woul
of magnitude i mprove@erintbtoerentexti,cdh ®gedd®®BFI 8ving
sync times in the range of milliseconds.

5.0e-3
A, Max max timing error residual A

Timing error phase residual [Samples]

2.0e-3 —— Max max filtered timing error residual, Python
10e-3 = Max max filtered timing error residual, VHDL
Mean max timing error residual
5.0e-4 Mean max filtered timing error residual, Python
2 0e—4 = = Mean max filtered timing error residual, VHDL
1.0e—4
0 1x10° 2x10° 3x10° 4x10% 5x10° 6x10% _8_
Update k W
Figa2teal man Glter enhanced feedforward timing recove
o
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4'. 1. 3Expected | mprovements

For the testbed, -AR€Dedrmratnisrcei viee ( CFMRLIFRAGHS,, c h:
Et heswetcbBesssenti atlend @énswrgmd external Et her
compliance is eshfetceraltllyi 9 mpaoirftfasmrtpmeedrd hngnedena
wi t h.WP6

The internal DSP will be sub¢epti mittoarnfouorgthfoarrt it my
process. s$ypclorvompiesdtoiramancéd mmbtoilmi ngamamiderphase
recowenrdydir f f Ereé@énair s ok ep xt missisrtiggenv e | perByor manc
varying the design parameters andl eweall upadri fnogr niahre
i nsiigrhot spr dee ovg h | be Tghaitsh ewieldl. fabrethenr luea@eértso an
oft he beneGts and | ifmeeatwiparme adf c o wmwenndoaa tdiso n
respect tdoespiagoli oadVvance the state of the art.

4. DnBoard Processing (OB

The onboard processing (OBP) subsystem develope
processing core of the NexaSphere payload archi
digital signal processing and net-weersktirniga If unnecttw oo
(NTN) operation in |l ow Earth orbit (LEO), includ
traf Gc management support, and onboard routing ¢
transparent payl oad archikiescntdursd sgpinatlhe@r OBR sen alyl
the spacecraft, r edubcasnegd rredutainncge aomd girmarnedasi ng

The OBP architecture is impletheGhed psoaessgeges
I't suppanhthel,i gatcikeenr reconstr uctbhiecam rhowftfi enrgi,n ge,n a
dynamic adaptation to varying trafGc | oads and c
are essenti al in LEO environment s, where freque
het erogeneous trafGec demand require continuous r
regenerative processing approach allows the payl
rat her than a passive relay.

From an i mplementation perspective, the OBP fol
architectturrecougHipagth signal proclkeasnhnaelgi stag®loinr & lu ¢
decomposition, and preprocessing for beamfor min
pri mar i-Aryogriaemmabl e Gate Arrays (FPGAs). These ¢
parallelism and det drimeniddtgiia atkii migngg afderp rreeeals c t
constraints. A second processing | ayer handl es 1
packet routing, scheduling, trafGc prioritisati
coupled teveystkemmwksedge ahdl i nef Gc demand, enabl
all ocation across beams and user s. A control
conGguration, resource scheduling, fault handl i

pl atform and ground segment.

The hardware strategy i s based on a heterogrene
i mpl ementation phasceenttriec QBP max i R GA f |l exi B | i
algorithm devel opment during ®ydviemragonGarainrdn .

NEXASPHERE | D J UiR6
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adaptation to evolving mission requirements and

selectaedrhiughhput and computationally stable func
speci Gc integrated circuits ( ASI Csducto piomgrov
consumpti on, and increase payload scalability.
t r acddfef bet ween adaptability and ef Gciency across

The OBP is strongly cesapéekedite thekopOl ER) sunbsy

Vari ati osatehlineeconnectivity, link availabilit
onboard buffering requir enmsecnhtesd ulrionugt isntgr actcengp |eesx
OBP performance cannot be treated in isolation b

dynami c characterisdatielsl i bé hbBewoirrkt etto@ nensur e
communi cation per f or manccoenduintdieornsL,EO operating

Overall, t he OHB onboard processing architect
computational ef Gciency, and scalability under ¢
regenerati ve, heterogeneous processi ng-stagpge oach
FPGBased i mpl ement at i on-eft ®wiae dt mv3ABI iGdo wEB G A ms ,
enabling progressive optimisation of performanc

maturity evol ve.

=
0
@
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Secti desi:.gn-of fadeand pr ot c

transceivers for Li FI COmmil
This section describes the design princ, pdred, ar
validaticoanr rrieesdulaust within Task 3.2. The objecti
Li Fi transceiver architecturmeosbi $iittyabelnevi from manwt

meeting the performance and sustainabi Fouy t ar ¢
compl ementary hardware development -&nnhesnarki Piu
access systemeeda Gatgeh Dat a Transfebasemgt ilciafi |
experimentation pl aef 6c ime n-laanBePdaAL ieFierRHYe Toget
developments form a coherent Li Fi technol ogy st
communication framewor k 0dRd6d.r essed across WP3

5. Dverview aodft odadéei Fi transcei v

The LiFi transceiver devel opments in T3.2 addr
communication needs withi-nabhbeabunatoomecasievichayge
speed agrrocunmadf tdat a-cabianmsfLe . kbealsieads ttatrenm sE@bDa n d

photodi ode receivers to provide controlled indo
high spatial reuse. I n contrastang6attgpoiDmt aodr aaoa
wireless |li-nasaedi ngamhamies seiroyn htiog hs udpaptoar tr avt e s d L

turnaround operations.

The design effort ther eodffofrse dreepgeunidriensg doinf ftehree ntta rt

i€cabin LiFi, the main considerations are cover af
sensitivity, robustness to passengefrormopvfeanetndr ,:
integration with cabin infrastructure. For Gat e
optical beam alignment, Il i nk di stance, transmi
selection, and compatibiliintyemfiade s.tandard Ether
A seconaoffrademcerns i mplementation fl| exadved ity
i mpl ementations provide a highly reconGgurabl e

operation over an optical baseband channel ,

experimentati ormrandt@pde ns tRu&KIdeeds .i MFpPPGAmMe nt at i ons,
hand, target reduced energy consumption, -deter mi
ti me signal pr oocpetsisninsGeidf BHYf devebkbop-méhs. glihdeet b
selection of component s, i nterfaces, t est conGg

3.2 development streams.

5.2 FMul-antenna LiFi system

Thprevigewmer bt Fon auysddesn ngl e Li Fi AP with an E(Ennte
opticaelnd.r oflnhfeentmaudnta Li Fi system,FighBdBwn sc odnecse @tnuea
to enhance the coveri agnetecarfeea eand bet ween Li=Fi

ra)
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e’mploy‘,esntaUraiIt (CuU) connected to multiple optical
baseband <chipset and distributes the LiFi sign.

integrates an optical transceiver, where the tra
signals and the receiver converts optical signal
di stributed architecture improves spati al di ver
obstacles, seating structures, and passenger movV

Fi g2Bwu latnit enna Li Fi System Concept

Design work has focused on specienyd nbyuial nddi nvga I bildc
The opticadaésiagn e rFsilgodwinenich udes a transi mpedance a
gain above 60 dB and bandwidth above 50 MHz, t o

all ows the transmitted optical power to be tun
bal ancing sigmalgequalnigtey,, amav ei mted rgtinbraegntciec able t w
antennas. The centr &li glrbiets udpepsoirgtns, nsuhlotwnplien ant e
through Tx and Rx |i®eaes bodthasabahdgedi psent

Transimpedance Amplifier (TIA)

Line R+ Gain > 60dB
A * Driver ol Bandwidth > 50MHz
A
Line Tx+ di bl S
-~ T " Adjustable LED transmitting power

Power Amplifier
+ LED current Driver

Fi g@dCpt iAcnalenna Desi gn

t €50

NEXASPHERE | D J UiR6
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Rx1+
Rx1-
Rx2- Ethernet
Line Receivers
Amplifier ADC-Driver AFE Baseband LEJ
Circuit o

Chip Chip
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A1 ) PHY
T+
Tx- <
~N

Line Driver(s)

Figaskentral Unit Design

The LiFi CU acts as-anhenbaabsgsioém.t hlet mhdbsis th

processor and provides a standard Ethernet intert
extemetawor k. The current LiIFFig26¥U cprmoteattysp eEt hsehr av
into analogue signals and delivers them to the
antennadeloirtgoat h power and Li Fi data signals to
maxi mum power consumption of the LiFi CU is arou

Figade Fi Centr al Unit Prototype (Front and reas

The Li Fi opti cal antenna converts electrical S i
current optical anteRing2rpe dhtast yomes, ER threwoh&ita panmd
power and connects to the LiFi CU wusing a stan
consists of ona&l efrxs LaEnDd wonteh otuot t hree RXx photodi o
On the transmitter side, it includes the LED anc
includes photodiodes together with ampIiGer:anc
opate«a940 nm wavelength, and its maxi mum powér c
NEXASPHER®E | D J U6

& This project has received funding from the HorizonNEgt’?\@gEe%research a
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Figaeme Fi Optical Antenna Prototype

The LiFi doinigil @ Beshotwwsn as the endpowdntowommect s etnd

user device, such as a | apa oipnt elrtf apcreo vfiodre sb oat hs tpa
signalimmcdmndles power and Li Fi status LEDIsi kew i nd
the LiFi optical antenna, it converts electrica
vice versa. For Li Fi transmission and alerpti on.
and four Rx photodiodes without | enses, togeth
operates at 940 nm wavelengt h, and its maxi mum p

Power LED LiFi Comm LED
Fi ga2Be Fi Dongl e

I nitial testing has been carried out using one ¢
Li Fi dongle. The test 4 altounpg |ceo nhseiidgehrte do fa na papnrtoexni nr
antenna positions distribut@d3owmen 2 tmesfThar ¢aso

the impact of Tx gain, number of connected anten
was used to adjust signal quality and sytsdaem r a
i mprove data rate and coverage performance. The
i ncreases the overall covered area, although t he
per antenna decrease as more antennacsurareentc dcCrine
i mpl e me ntheetrieont,he |1 oading introduced by each add

driving circuitry to split the. aBaséedbber &hgQmea
resshtoswdmabh¥e Tx gain values of 4 to 5 providgth
rate and coverage. _

t
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Tabl® mpact of number of antennas on data rate and

No. Antennax|Upl i nk Downl i nklCoverage
Antennas|Gain rate (Mbjrate (Mbjradius (
1 4 93 95 120
5 90 95 120
2 4 90 61 110
5 86 64 110
3 4 88 52 90
5 88 51 100
4 4 8 2 43 90
5 87 43 100
5 4 80 45 90
5 88 45 100

The impact of adding a Tx dEdailrenashtwkisa@ath3loe ev al
di stances: D200, corresponding to 200igm©eand D
showkat adding a Tx LED Il ens improves data rate

The main current challenges are the antenna | oac
receiver signal bandwi dth of the optical antenn
dedicated Tx driving circuitry lioadhegcehteat , ua
receiver sensitivity t-8NRmpronmel ssecompngvefTX owi
guality by incorporating additiomtail ntilodhd&pdo,n eanntds .c o

&)
)
@
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Without Tx LED Lens

D200 —D300

Data Rate (Mbps)
P N W B~ O O
o O O O o o

A

60 45 30 15 0 -15 -30
Angle (Degrees)

o

With Tx LED Lens

D200 —D300

Data Rate (Mbps)
N H (@)) (0] 5
(@) (@) o (@) (@)

o

45 30 15 0 -15 -30
Angle (Degrees)

Fig2&eval uation of i mpact of Tx | ens on
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5. ZTLate Data Transfer

The Gate Data Transfer syst-emeadddastsaeexthangee

aircraft and ground infrastructure during short
a 10 Gbps optical -swiereadl eneed i lai rmak df lalrai teg dthrhaen safierrc,r
of fload or receive | arge data volumes without r
Sincebh&Bd optical sources are not suitable for

| ashearsed optical wireln«kss sadelsi tget@pduirast-qg &Tilmwemidn it
communi cation system operating ov#r0 an.t alrhgee to pdiis
wavelength options considered are 1270Gkbme and

interfaces used for integration with the connect
The conceptuali iegBae, nchoawrs ssespderpabedaigreouaft
optical terminal s. Each ter-mhdal acammriitsads parmc
al i gnomemttr ol subsystem,Gba esttearnfdaacr ed, Ea rhde ronpetti/c al b
The optienadl ifnrcoonudes t he | aser diode, |l aser driv
The processor provides the required digital proc
the coll i mattoor s hiaspeusaendd col |l i mate t he-compttrioclal
subsystem monitors signanmototricemdgtriol addr sup@arkt
realignment in case of misalignment. This is a |
chall enging even over short gate distances.

Gate Data Transfer

OFE Ethernet /

(Laser driver and Proc -
. essor Fiber
Optical i

p receiver interface

circuitry)

Alignment
Control

FigBbGkate Data Transfer Conceptual Design

Initial testing has been -peahefmedsasupgbabhwee
connected through appil asie@natheilnyjgs o sh gwdrle iehh
correspondessygl HlrecWngBieal i dat e t bsep eleastidcatntssi fgehr
functionality of the Gate Data Tr an sofpetri ntioshacteipotn
of the optical and mechanical alignment design.
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The main current chall enge is beam alignment. Al

SN

manually, and alignment remains difGcult due to
and receiver sensitivity. The eawXxtl adregeerl ogpmeke nd d j¢
l ens system to ease alignment, and ,and atddaaki mq
(PAT) mechani sm. This wil/ support stable opera
smal | positioning variati ons-shatewdem mi meal aiamrer a&h

5. Dedi caHeaerddwar e Sol utions

The devel opment of dedicated hardware platfor ms

transceiver performance. Two pl etafserdmda easrtd elde iamg
FPGBased LiFi PHY. Both platf oremsdsi.ntTelref a®ER wiltah
is used to investigate protocol flexibility and
optical baseband channel, while thep&FR&A PHYt f
processdmegredydci etnitme elail Fi i mpl ementati on

5.4. 1SDRprotocol flexibility

The $SBRed platform enables testing efompi Fiantom
4G/ 5G PHY and MAC layers. This aqipGonadhpptdvifdes
system experimentation beyond what setpossTheéel 8DR
platform is al so csanosnied efroewla falh k satreep pOinegs e RANI Fi
depl oyments, where-enbempi Eindep wiomasle nft rieconda la nRIF  f r
operates at baseband frequencies. OFBWotskeercuar ent
baseband operating r &dn@eMibde aspetrwx,Fimalddwnu sikns

SDR devices that are compatible with baseband
operation fr om22&b@p rMHxzi, maitse | iysseldd ea sSDtRhe whNB e a L
operating above approxi mat ediydel OSDMHz , Tsoi seentaghd (e &
sof t ware adaptations were carried out on the rad
gNB t o operate at basebad& wasesgadapies, fandt est
the same baseband operating mode.

OpenSGS
/ | 5G Core Functions | \
srsRAN-4G srsRAN

srsuE '“Léi ’)) ((( bk /mr
| HE LiFi OFE = -

Machine 1 Machine 2 \ /

Fi g8BxeDR with Integrated LiFi Pl atform Archit e

The curr-leinfFi StD&Rst beRi g &AdAs hhdawn IIOFE i s connected
one svihdanpeot her Li Fi OFE i s connectedlttooepeld&ﬁlés)
at 30 MHz wuplink and 40 MHz downl i nk, both wi“9 hi
end. The radio conGguration uses a 5 MHz lefch

subcarrier spacing. I nitiak demegsatFtieebnedd tdeastdas u
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transfer obasedhéi BDRsetup, achieving approxi maf
Mbps wuplink,Fig€Bbshown in

Fi gB8#¥SeDR testbed conGguration
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The results show that the uplink performance re

uropean
Commission

theoretical maxi mum of 18. 4 Mbps, indicating th
expected performance for the selected rkeaantdwi dt
l'imited by the LimeSDR receiver hardwar e, parti
decoding beyond QPSK and | imits operation to a n
The main challenges identi Ged so far are the Linm
end minimum operating frequentc®®Rxotrapptrakk manelt
boar d, and t he 5 MH z bandwi dt h ceilinfgheofnetxhe
devel opment steps are to repluadda ttyh eSDIRIi meoS DR avil |
and 64QAM downlink operation, i ncrease the <chan
aggregate throughput, and i mprove Tx/ Rx isolatio

5.4. 2FPGBAenergy efficiency

The FP&#&ed LiFi PHY ai ms-ef Gcpetnivingd emhonc eneirgy s «
for Li Fi communi cati on. Commerci al chipsets U S
applications athengypyi aaldl papeweron Gxed tarearthi t ec
di f Gcult to adapt to the speci Gc requirements o

based i mplement at-eé fo@ciemmtb| isgmpalweprocessing thro
pipelines, dettielani awifisairi co prteeanld| t f mong, LED modul
ADC acquisition, and parallel exescectlen!| aft ebSk.f
makes the FPGA approach weldt ocmiasahlsd arallee eLiobi
whil e reducing unnecessary procesirng&Palsedhead

sol utions.

Sever al candidate FPGA platforms were =evaluat e
capability, andspeedahbi Fitgi §gopal hpgbcessing. Th
Eclypse zZ7f(fextdouset Zyng SoC pl at f orcnelwist hanadp par odxui
core ARM processor. The platform is combined wi!t
14it, 125 MSPSqgWDAICI ttyr sihg mdl generati on, and tt
providebsita L5 MSPS ADC with prowsemmfabt ke gaYay
interface enables direct connection between the

the need for external controbksignal anhdFsupPp¥r dene
The processing ar chhaseecd ulrieFio fp Itahtefi gRdMseA Gsn st hhoew n
transmit side, the FPGA generates baseband sampl
converts the digital waveform into awmr nanalAdguee :

propagation through the optiocngindclramvel t st hd er éa
optical signal back intodiagn beylsetdaiter i £A@RC. sThgen ak R G

perfor ms t he reqiude edpr o eees ivreqg, including fo
synchroni 6ateonng, and data recovery functions.
conGguration, control -l ayeadr imnecmpdmenmng. with high

L
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System

Optical Channel

Zynq Processing
System

A

ADC N Rx OFE

FigBwel ock diagram of FPGA with LiFi

The initial FPGA i mpl ement mt x-@thgth@&crusmist oaan d/ arl e a
pat hs before integswathnng hteh e roamtsing &V esfi gdeem & raa t soirn
i mpl emented as the Grst controlled validation ¢
digital samples inside the FPGA, which are then
the DAC controll er. The DAC convertran,t messns hoavmp li
Fi gwr7fe A si nies avMavet ed becausreciotghihs séamsly attioon,
measurement equipment, and during | ater ADC capt
it usef ul for identifyprmgtti mgpngriessaesorsamplt e
pat h. Thi s stage val i dateondi giatmpll e wdwe fmartmi g
connectivity.

Sine LUT # Sample - DAC - Zmod AWG - Analog

Fi g@8imeP GA transmi twapvaet hDA® rv asliindeat i on

On the receive side, the Gr st mil estone is to
di gibyselde ADC and observed inside the -iFlPEGUAt prog
to@bserwvadldue pat h Fiig 3Beowmi si nstep conGrms that th
active, that sampled data reaches the FPGA 1 o0gi
extended with continuous agsymuéllsn aniogad ibdued rhced u Inagt,
functions.

Analog ADC ADC PL capture Observed
input front-end controller register value

Fi g8B8ePGA receive path or analogue input capture an

As an intermediate integration step, the trQ@Qns;
el ectriczABC Déa€&€pback before i nternaddudinng htihse soeﬁ:tuipc
LUT drives the DAC, the resulting aguwde cgalkl s, gan
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the ADC captures the returned si gnéatli gi@GmetThhei spr o ¢
provides a ectoend ovdleiddatnidehngofalt patmi aed conGr ms
waveform can | eave the FPGA through the DAC and

interface

Sine LUT - DAC DAC analog
output

PL capture ADC ADC analog
/LA interface input

Fi g8@eA€ADC | oopback path from sine LUT to PL caj

The BMIC | oopback r eFsiugldtd ei Tsh es hroemneiivned sampl es ar
to be numerically identical to the transmitted s
scaling, DC offset, delay, and noise. Therefore,
of the ovemadHhapwavredtoher thhyaampkacegsamiptl g. The
|l oopback result provides the basis for the next
acquisition, host data exchwage, sandceewpwl abemehti
modul ati on.

DAC-ADC Loopback: Transmitted vs Captured Samples

6000 —— TX samples to DAC
Loopbag¢Rmodel includes an@alog gain, DC offset, ~—— RX samples from ADC loopback
sample/ddlay, and small acfuisition noise.

Expected 4lt: same wavgeforgn shape after APC dapture.
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C
Fi gdMeA€ADC | oopback validation result showing tran Pritt
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e next development steps are to add TCP/ Etherr

FPGA, repl ancaev et hteessti nseour ce with an initial Li Fi
add basic recei swgmctheopdc simadn cd rad t initial ener
These steps wildl move the FPGA platform towards
enerefyGci ency evaluatioenanidntiageat iophical front
o
%)
[
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Secti oHn g8f: Gci endbandciubnt enn:
6 GNT N, Ka, and Ku bands
6.1 Multiband Ka/ Ku Aviation Ant e

Today, the development of wuser terminals for LEC
array technologies adopting complex and | ossy
consumption. A phased array beam steeriomi saent enn
on performance, power and size, meeting regul atc
beam controlmurleguwilreedc.obnyst el | ati ons

Antenna requirements Beotei obneen. 1r epfor Db2d2.i nSyst e

require a structure capable of operating in Ku o
aperture and wi pbl aeic s &Eigovi aclrlog ech identi Ged a
based on the use of smal/l active modules that ar

t hat variable aperture antennas with scalabl e pe
solution consi gt anovuildtanhad rednema n el (from 10.7 to

bandwi dth), followed by anot her panegdoltaraits atlil com
Fi gdisehows the envisioned architecture for the r
' inear subarrays of wideband antennas. These ant
the same subgtihaseaecamgrier t o-arrreacyo.mbd mea yau bs u
recombination network for columns also integrat

guadrupl exer.

Vivaldi
Elements

Vertical BFN Pol H
+ quadruplexer

Figddlerchi tectures of the Radiating Panel

The radiating pamdbenwi t &lFi mdddeldesadh modul e del i
and TX signals for both the -Kar minwg Kaethbwaordls , d rAir
merges all the input/output signals. An inte@rat
the conversion emenrdattioindssidgamsomi rlequencies faogs,m Db

+—
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received signal s, on the other hand, are direct
ter mi nal

//— _\\\\
7 5,
/ TYY YT Y YYYTYYYYYTYY Y Y Y Y Y YYYYTYYYYYTY Y Y r r Y Y rYrYYYYYTYTrIryry \I
o 0 O —
Module 2 * X Elements (Az Plane) Maodule 2 * X Elements. —_— — Module 2 * X Elements
KATX § | KARX KUTK$ JKURX  KATX4 | KARX KUTX 4 KU RX KATX 4 LKA RX KUTX 4 | KURX Digital Board
Active Beam Forming Board (Ele Plane)
‘ [ £ r
Fotating platform (Azimuth Plane)
‘ KATX KUTx‘
A R KU RX Up converter
] T L-band TX
gignal
\ SatCom Terminal /
AN /
S -

Figd2euncti onal Bl ock diagram

Each module is a sort of compact raddrarn ayg @fan
broadband radiating el ements.

The subarray combining network for columns al s

Downstr eam, the combined subarrays are nested i
suspended stariggenwavegiuinde heddpardiysglsoanombi nes
al | col umnAss tshhiodwanblihieée r e are 8 such horizont al c
for each band (TX odnd iRl aapna)l . &la c h
Tabl&Zhe antenna shall control 8 differentpelgngbaf iamd resp
H.
+
¢ -
I
Y dz
+
W.
I
| +
¢ -
I
Y
+
W.
I

These 8 outputs can be further comb-haed D Vafy

hand ciproduwlrars aAtsi osn resul t, each modul e wild.l be
compl etely passive section consisting of radiat:
and an active section for signal ampIiGcati(Upn

pol ar issdteican on functions. The planar di mensimns
gain requirements (EIRP and G/ T). -

+—
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The | oFsisgedsi3e(t ake into account the path between
el ements, the radiation ef Gci &nansarnd pthhee ell cesnmseenst
the quadrupl exer.

v || -
PCE 1# (LNA and Bearniormer KU RX) _—

¥ [ [ HARX

PCE 28 [LMA and Beamformes KA RX)

V]

I PCE 3 (PA and Beamformer KU TX) |

KATX
PCE 38 (P and Beamfomaer KA Tx) | — /

FigdBeosses Path

6. 1. IRadi ating EIl ement Design
The radiating section consists of F1@2d#sctedwsnent s

the unit cell of this array. Tipel Hir viasladpil ceecl eedneonrt
the same plane as its wvertical BFN, whereas t
pol ariissatphoynsi cally twisted by 90E with respect
orthogonalRoyl taor rtahye oH Vi val di el ement s.

FigddReadi ating EIl ement s

The unit cell was designed and simul ated using
printed on a Di Cll=ad2.828,0=ts@wnbTAR & Rhgleenffent was s Pmu |
periodic boundary-seecmadidtairyns i hproirmdamry t o analmse

cell surrounded by an inGnite dryrayr oafuc e d e.rt thie
performance of a unit cell | ocatet emant f aomay he
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simulation results show good matpgdl agi Fogiudes h |
4% nBigdpe The array |l ying on the scanning plane

all frequency bands and for the different el evat
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Isclation ANSYS Curve info.
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Good radiation ef Gciency is obtained. Il n partic
behavj oas the I|linear array orthogonal to the s
(Fi gdBe
Efficiency ansYS
0.00
-0.251 /m
0507 7 : i !
0.0.75 ]
Curve into
-1.00] i i H — theta_scan='Odeg’ ||
— theta_scan="15deg’
| — theta_scan="30deg’
-1.257 ; i H — theta_scan="d5deg’ |
= theta_scan="50deg’
150 —— theta_scan="G0deg’ i
"10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50
Freq [GHz)
{fenl- - 200
T 100
{70l 080
111450 420 i
AeT0 250 1
121200 780 e |
|29.00 Zmﬁ
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6. 1. 2Beamforming Network

The antenna modul e consists of 64 sl ices, each
radiating el ements. 3 HWPwoIs lamdda Vir yapmegse darad tiesendat el y
switcpabaei(RHCPIL HCP As Isihmiagdemch $kiooeect ed

to itiplmexletr with 4 outputs (Ku Tx band, EKaclkRx b
of tdwet plust stclbeemetbedts correspondi bgaadti ve beami
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Radiating elements

Multiplexer Q NS

Fi gdBee amf omenti w@gmhkhul ti pl exer

6. 1. 3Passive beamforming network (Vertical s
The vertical beamfor mi ng net wor k (Phausicte osect
designed to deliver the same signal (in both amp

Since the radi atoipndg mihbsdkeddenper wediec boundary cond
meaningf ul way to simulate and FRoerstt htihse rveearstoinc,
el ectromagnetic design developed for the vertica
which i sFegbd@a in

TOP View

Realistic

FigboOPeassive beamforming vertical slice

Fi gbrlsehowée si Biyplaataeanket erco nofe ctvoeeri tsieada | slice bre

The ovetalrheimasss?l®hded avet f our bands of interest
N

NEXASPHERRE | D J U126

<

Z5 This project has received funding from the HOfiZOﬂNQ(l’,,I:\ pot';(lEeRresearch a

agreement No. 101192912 -



66SNS

N EX.’—\iPHE/R)E

European

Commission

BEST_FINALE losses ANSYS

S Parameter Plot 1

A

Curve Info
— dB(S(1,1)

Setup1 : Sweep

T dB(S2,1)

Setup1 : Sweep

— dB(S(3,1)

Setup1 : Sweep

T dB(S(4M)

: Sweep

T dB(S(5,1)

Setup1 : Sweep

= dB(S(8,1))
Setup1 : Sweep

0.00

-5.00 -

-10.00

-15.00

-20.00

-25.00 7

-30.00

5.00

the passive beamfor

of

performance
Regardi ngi gégasneBs ,g 6 Fehow a

Wi

gbidsePar ameters

Fi

he

t

nes
35.00

bet ween

BEST_FINALE _losses ANSYS

son
p

Curve Info

T 10%0910(mag(S(1,1)1°2+mag(S(2, 1) 2+ mag(S(3,1)1°2+ mag(S(4,1))'2+ mag(S(5,1))2+ mag(S(6,1))*2+ mag(S(7,..

Setupt

compar.i
crostr

mi

Plot 1

andmewiatl hh oot ct dovee ro f

t h

5.00

ce

the passive beamforming vertical sl

of

Fi gb@eo s s

J U126

D

NEXASPHERE

Eurpen

agreement

a

HorizonEI%< research

he

t

project has received funding from
No. 101192912

Thi s




NEXASPHERE EESNS

o
s e

Fiot 1 DEDI_FINALE _I0SSES  *v>
075 1
| \‘\_\‘ Curve Info
S - 10709 10(mag(S(1,1)/'2+mag(S(2.1))'2+ mag(S(3.1)y'2+ mag(S(4.1)'2+ mag(S(5,1))'2+ mag(S(6.1))"2+ mag(S(7,
N Setup1 : Sweep
~
It . DA
4 i T I‘.‘f "5
I\
3 i e s T S e S e
500 10.00 1500 20.00 25.00 3000 3500
Freq[GHZ]
; 980 3100
i — 670 2120
i 80 11450
FigbBess of the passive beamforming vertical sl ice¢
| Tabl3 comparison beltowveetmhd i wmiuledtaddviecr i s report
The metallic cover i mproves RF performance by |
reducing parasitic coupling and r adtih®CiBobofaram t
Tabl¥®¥omparison between simulated | oss with and wit
Losses without Losses with met
Ku RX 1.13 dB 0.99 dB
Ku TX 1.15 dB 1.05 dB
Ka RX 1.81 dB 1.31 dB
Ka TX 3.17 dB 1.65 dB

6. 1. 4Ku & Ka Band Multiplexer

A f-obannel RF multiplexer has Isadan peemirghedy usio
operate over Ku and Ka shhaoereumgne dikKe &pTEpbaeds mul t i

is intendbtdefqoendhy ghatell ite communication syst
high isolation between channels, good return | os
The selected suspended stripline technology pr«
electrical performance, manufacturability, ow
compactness, especially f orbaanpdp luipb athod okhas ie @ & € '%/n d i
)
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FigbwBeD model of the designed multiplexer
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19 Design of mechanical structures

T Ther mal management design

T Test of all separated structures and constr uc
1 Test of t h,@ nfcdluldi magd wll d acti weabadamf or mi ng a

6. Rutomoti ve Ka band Ant enna

Thebjecti WNex@Shphetitees t he goal to achieve sustai
through-eéGei gyntt eaif mace operations achieved by me

antennas-ecamadl| edFRawvti ces.this objective includes
antenna el ements based on the user requirements
analysis tf®epageoocothmuni cation (user | ink), and
for Ka bamnd antdemorresponding validatidoenptthhr ouc
veri Gcation in dmechei caudhhaoted rese. s et oestrictio
of the instaltlhaet i oomt afdreat §sta M| e r and ecpneGlder ab |
compared to the avionics antenna. However, even

antenna shalltpryopvpdef dammBReEmicitmagudonement s.

I n this selcaldoomrmnagthevedmi ti al developm@énBsfopertfthore
automoti ve antenna. | n NexaSphere, t he aut omot
operatimgnza (®kz &Br0d GHkApn an automotive platfor m,
of the antenna is signi Gcantly smaller, making i
Because the Ka&ahobard hmwatved etnlgpg hKu band, it i s pos
aperture dimensions. Additionally, we can use Kz

the higher bandwitdhéa dewnel aped antenna, the Rx a
separate sapehtuhaes,t he tod &l s ditbmeaams i MmoRwvrig luilrne

58 Each aperture (Rx and Tx) wil!/l be of di mensi
respective frequencies. TBi sfnocralReu lhaotdi oTrx @aipvee st uur

.\ '
N '
s ’
. 0
. .
\‘

Fig6B8e anned NexaSphere aperture with Rx aky T
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Domino Domino Domino Domino
Rx Rx Tx Tx

MNexaSphere

Front end

Modem

Fi gb®l ock diagram of the automotive antenna devel

I n NexaSphere, the devel opment wil/ be done in
array synt hesi s, beamfoemegndned awoelkopmedul.e Tes
measurements will be performed to validate the

combined system (beamfiorenerup tottme adiagti@ay )bl ac

Fig6feesi gned DRA doriOn caHzzd t teme ag @it m Ainmylsa tHEES S

The DRA Domino antenna whRisg @fEEhieg ndeed tag@pgedh d vare i n
antenna i sFighbol®rhei cmore dielectric materi al Rog:
cons {(Tamft 2and4 t he Rohgassr di@1®@xtric constant of 2.
was manufactured and then glued to the DRA (Di

di el ectric TchoensRRNnsi na&al. from the el ement is ca
net work and passed to the | ower hybrid coupler 1
move to the SMBRrooghéanams wavheg SiMPe.connectors w
serve as the interface to the beamformer board.
-
)
-}
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Slot ground
RO 6002 0.127mm

Upper feed

RO 6002 1.524mm
GND Fence (through) vias

SMP grounding

vias RO 6002 0.127mm

Hybrid coupler RO 6002 0.127mm

SMP connector

Signal via

SMP connector

Fi g6ibDeet as il @adgand RF

siogfn atlth e ihRRAs Domi no.

The si mul atsendowasntaengnaa n 260f GHzAS 6r 8dgEB taatay constr uct
with uniformly il |l amiol@oren 6IR2GRIAV edlo me ntocst al gain v
dB 2a0t Gwllzi ch is very close to the ideal value (23
si ze.
gheta (deg)
5 Max: 22.21
\ 25.0
'q l12.5
,\\\\I 00
/120 :J -125
/ -25.0
/<0 Phi (deg) |37
-50.0
-62.5
Min: -107.96
Fi g62e2el ement DRA d&Mi rceHzédrtrlag atray gain simulated
The DRA D&M nGCiazat t hen

el ement wi || serve
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FigéBkanufactur ed alPROA @+bzmi n o

Before moving into t hethe@LR beanForn®er baard; aaquadrsrg of u p wi t
the array, which is a 4x4 array, wavwhineh scuanresdi suts
of one AWMFO0197 |1 C and 8 input ports. The RHCP p
evalvuati,andbadatdLHCP ports on the DO molimomesd swer e
Thus, the RHCP gain was measur ed Hing @&dee eMirleldi bo
dotted curve denotes the siwhiilah ehidBR HQP6bgraociand sa fd
which is close to the expected t hEBowevéercal dgain
LNAIl mwi se ampbks &etl)Cin httheneasured actidB.gain go

= Measured
= =Simulated

100

Figédent er medi ate tests with 4x®xaarrraayy) .(quadrant of

Next Gnt8ixd@ RA Dominay wi l | be tested wi t(fhi gtuhree DL R
69 Tdheevel bpacf or mer board hasad&i AWMfreéhdad It il I€g i n
input (PpMPt sonnedthBESPuUt s ar e tvhietnh ctohneb iWieldk i ns on
combi noere toout p2u.t9 2pcommn e clther )Job.eamf or mi ng wei ghts a
each of the input p3o2r tBsR A sDonngi nSoPsl  weiolnlt rbod . as s e mt
beamformer board for the Gnal Rx array measur eme

8x8 arrlayGHzeoreti cal2y% dRBspddsi Mvem gain. However,
LNA gain of the chip, we expect therawuBi@veBgain
(ideal value).
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Theoll owing i mmieneonhsstdeped in this work package
+ Array symRtOhexHizsolbhtoain the | attice arrangement
+ Array + Beamf @2rOmeQHzthEst i box anedhoi didhaemkee

steering.scenarios
+ Design and devel opment of the Tx radiating el
+ Design and develBemmd otvonefrdt he Tx
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Secti ol eX:i bl e anagf Gcipeonw
di saggregated RAN

This section describes the i mplementation work
of the SRS 5G RAN, in ful Gl ment of WP3 Objective
components for future TN/ NTN integlianlkdf syct ieosa
was already established in the RAN, this task ha
the addition of mobility feat uwoersl dh ercestswsaarrky. f or

7. Architecture

The disaggregated 5G NTN RAN wunder devel opment
srsRAN. The depl oyment mo d e | supports both tran
adopts the hybrid functional s psl @ nts iatn t\ide HNpaayt eerds
MAC, RLC) sit close to the radio interface (on
satellite for regentnmagervprohespl whi PBCPj gRRC) r
I'n the regenerative case, WhevEl theewiaeéeiss
is t-rmlaged its SCTP transport $in&ssenpaeamiehys
switchover transients (see Section 7.3).

System I nfBlron@@li Bhr emai ns t he cornerstone of N
ephemerrilséllnefnoe nt provides theanstdé af bdorveyorthhe a
common fidwmiamge terms that all ewartyhengUHErekaddkelr ayg k
SIB19 is generated -pryopdgatgiNBn fa wtmpduntis ie(int,y pviicaa | tl
SMO) and refreshed continuousdry.i ThegU&t ed mBRP B er
to derive i4tsnewilAsaendc @depepheat poer.

A single LEO satellite is typically wvisible to
hi gher handover rate than in terrestria&ANdepl oy
N e aRe ati me -RNRREC and SMO to schedule and execut
(driven by ephemeris rather than measurement re
speci Gc mobility procedures alongside the stand
supporting enpthahdanspaner ati weé gi®e etshei sprotcevdrur
addressed in thissatseddtiitoen hsaanedeoivieirt, @ i hrgtheBtoaved (i
i nigdNrB) N NTWNandover, Conditional Handover with NT
Resync -1(8Rel andi heedwitchover.
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LED
Reganerative Payioed

DPDHEFAP

UE Ground
Station

Fi g6 er all NTN RAN architecture supporting transparent an

pl acement across satellite and ground segments and the <c
7. 2mpl ement ati on: NTN mobility P

srsRAN gNB
The srsRAN gNB exposes mobilityynobidGwodui en The
operator decl ares the serving cells (one per be
relati ogpNdB (0omgNHBR)t,ert he measur ement and reportin
event triggers. All NR evenBltargegensg?pée Grdd ¢iAn
NTMMpeci Gbasede (T1) draded o DL/ ®R) events ar e
Conditional Handover is conGgured (Section 7.2. 4
Tabl4rovides an overview of the NTN mobility p
summarising their trigger mepbeanGempronet wbr &ddi
current i mplementation status withThme tphreo dNekwurSed
are fdesberbed in detan.l2.i6n Sections 7. 2.1

Tabl&ATN Mobility Procedures Addressed

Proce Trigger Netw NTMNpeci NexaSph Stat (

re k El ement Rel eva

Scop

I ntraA3 (RSRPIntri{NTMonGg I/l ntsraa el || mpl e
satel|ti mheased NB RRCReconG HOBeaimo |[ed an(
HO Ig on (ephembeam test e
(7. 2. EEE'Doppler) transi ti
and 9 within s
Il nter LEO sat ¢
sat el high fre T
HO i n Nexa§
(7. 2. mobil e -g_
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| ntsart el |
HO: Cr os
satel it
transiti
during L
pass,; re€
for cont
aviati on
tive cov

T N< A2/ A5 -(i|l ntarfNTMonGg gHandover/l mpl el

>NTN |[frequencl/intelto HO combet ween |ed ang¢

HO g NB terrestritest ecd

(7.)2. satel |l it
cover age€
for TN/ N
i ntegrat
scenarid

Condi|A3/ A4/ A5/l ntr {Ti mand Determinl mpl ef

nal H1/ D2 cu |l ocabhaoend| LEO passed an¢

(7. 2. NTN trigglschedul ijtest e

D1, D2) ; reduces
execut es handover
autonomou|l atency
predict g
satel |l it
geometry

Satel|SI B19 Same|Sat Switch|QuaEar-thSIB19

Switcbroadcas|gNB fyncl1l8 | E |[Gxed NGYexten:

with schedul|PCI SIB19; av|iscenarigi mpl ef

sync pres{RRC reduces |ed

Rel 8 e d reconGgur|signall.

(7. 2. over head
during g
transiti

Feede O&M sche/Vari Feeder | i|Ground Ar chi t

' i nk |( SMO/ NTN(may |[managed gat eway |r e

switcControl)requiseparatel|transitijspeci (

er (7 NG/ Xi1service ||LEO sategsoft /1

HO) soft/ har-dli mpac+ts |[rk
assisted |ovdreedernassi st
robustngvari art
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7'. 2. Il ntsraat el | i te handover

| ntsraga el | ite handover refers to the transition o
same saRiedbrfd e EAch beam is exposed as a distinc
instance, so the pr oegeNdBurhea nidso vreera lainsde dr eaqsu iirretsr an
signalling. Al though source and target beams sh

i ssuest ancibe@ RACH on the target beam to reGne t

] satelite L
ransparent payloa

Beam 1 Beam 3

Feeder link
single gNB)

______ Serving beam (beam 1)

Future beam (beam 3)

Space segment 0
P 9 UE

UE moving across beam boundary

gNB/ GW
Ground-based (transparent)

Fi gbéimentsraad el | i-tdee @étmpamandover topology and signalling seqguc¢
i ntgrNBB; t he RRCRecon GgurCaotniGogn | Earsroi e sh eacldENolaM re da g Al Yoppé er
the target beam

The default trigger i sbetvteat tABanN neémghboag)y, odpp
Earael | depl oyments where geomedwviyngv aagelels deamldaye
the regularity of belasedotssi ggser antacne sRd laaieir o r i
corresponding TN pr osxcpdair@e adcdkei tRIRCARe NSTNGgartr at he

carri &g amGgE containi-bgamhephamgrits, common TA
cell SpeciBekoftfhoautgh these are unchanged across
the I'E in the reconGguration. The relevant mobil
I T AET EOUK
OOECCAOMEAT AT OAOMAEOT I mi AAGOOAT AT OOk OOOA
AAT 1 Ok

Wi OMAAT 1 mEAK ®@sYyAd

TAAT 1T Ok

wpz T OMAAT | MEAKk &@syAst OADPI OOMAT T £ZECOK I § * dz

OAPT OOMAT T £ECOK
WOADT OOMAECMEAK
OADPI OOMOUPAK AOCAT OMOOECCAOAA

AOAT OMOOECCAOAAMOADT OOMOUDAK At C
i AAOMOOECCAOMNOAT OEOUK 0OOO0D

i AAOMOOECCAOMNOAT OEOUMI £AOAOMAAK 18 _g_
OEl AmOT mOOEGCGCAOMI Ok tsdzdz

+—
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7.2.2ntesratellite handover

When the UE migrates between beams il luminated
becomessadtndalelri t e. Depending on thgNBeplroNB¢rt, t
The case explicitly i rpNBE meartieadn th eveietnhi snodu hXene i baente
targe@PsCU handover proceeds thbhasghl tohadcAMEras (3

68 .
Unli ke -shteel htta case, the ephemeris of the targ

sour ce. The tHTNen GepthelnkedtissMAEGnd TA i nformatic
forwar detdhefargmt tghNsBoutraae gNB across the AMF an

RRCReconGguBatauose no internal CU reference is
be fully declared in the source gNB conGgurat.
duratio#n); ggweentconGguration is 9athellwite ¢asalti

E’hase 1: measurement & decisiorﬂ ) NTN-specific

- Serving cell { Target cell 1 { AMF / core J
beam 1-gNB beam 2 - gNB

UE measures beam 2 SSB (intra-frequency)

MeasurementReport (event A3)
bt it st e

HO decision (intra-gNB)

RRCReconfiguration (HO command) () Includes: NTN-Config,
< ausih Wb bil UJ 8
ta-Info, ephemerisinfo (beam 2)

UE stores target cell config
continues in phase 2: execution & completion —

o e B, ) - s
Phase 2: execution & completn})n (") NTN-specific
e e il M

e Serving cell Target cell AMF / core
beam 1 - gNB beam 2 - gNB J

UE detaches from beam 1, suspends UL tx

[
UE applies pre-computed TA + Doppler offset for beam} 2

RACH (contention-free) or direct UL on beam 2 D TA pre-applied —

no blind RA window

RRCReconfigurationComplete

gNB internal bearer / DRB path switch to beam 2 (no Xn needed)
Path switch req.
—_ - —

SR N
Path switch ack.

Per{odic TA update begins for beam 2 (MAC CE / 51%1 9)

968 resumes ephemeris tracking for next HO predictig‘n

UE context release (beam 1)
tceblomebbds e ica bl

({0 complete — UE on beam %

Fi gé8entsert el tbiatsee dANGiandover: source and target satellites

NTMonGg is conveyed via the AMF and inserteaedmputtehe RCR
TA/ Doppl er for the target satellite befoége R
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7'.' 2. 3INk->NTN handover

Two i mpl ementation options are supported. The si
gNB and r eusgeNsB tphreo cierdturree (onNTMehiGdE) mi ttthiisg itsh al
for early integration testing. The more represen

terrestritadr,r eosnter inaoln)b asred armhMNG6HEE FKFor the UE to
i nferequency cell s across the TNINBANstbodadlaaye t
candidate carriers:

OEAfK
ET OAOMAEOANMAAOOEAOMAOARNMI EOOK
WAOEAT k b fdecececz ¢ 128#. 1 /& OEA . 4. 1AECEAI OO AAOOEA
OOAMOAOK td ¢ 33" 3#3 sE(US

NmO@mi A OusimeEd k
OEOACEMBMEECEMDK dz
OEOAOCEMOMmI T xmbk oz

Fi g6O8leNNTN HNG@Gsed handosweéermrd.e NN WPEeparation step (TA comput
GNSS, Doppbmpepsati on, kOffset application) is executed |

7. 2. 4Condi ti onal Handover

For deterministic LEO passes, Conditional Hand
measur eemeingtger ed handoverpr dvies ismrurtchee ctaarngate ahe
the UE executes the transGU i OO apurt omednorue | iymQITer
srsRAN proceeds througlhP pcroenptaarcaitsi oena c(ht heea nGuel at
paral UEI CONZEXT) ,SERR® reconGgRREReoDNGguagat gl

the execution cpadked onorm@glurpartei on fot oamadmowsand
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