Scenarios&k 00
Requlrem

Final Report



Outline 2,

Scenarios and Assumptions

Performance Metrics

Use Cases
— Network Operations
— Positioning as a Service (PaaS)

Conclusions

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 2 of 55



Purpose of this activity E.

» Define assumptions to be used across the whole project

» Establish a fair methodology for evaluation and decision purposes
— Avoid “ill-defined” requirements
— Complete set of KPIs

 Definition of reference use cases to evaluate
— Possibly contribute to SA1 work
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Constellation

* In6G-NTN project we formulated a concept for a multi-
layered constellation which solves some of the bottleneck
issues and is consistent with our architecture concept [D3.5]

— We propose to consider this constellation
— Detailed instructions in the appendix
* Two satellite types:
— Serving Satellites (SS): provide radio service to UEs

— Feeder Satellites (FS): provide backhaul connection to
Serving Satellites via Optical ISLs and via Radio to
Ground Stations

» 4 Optical ISLs (FS-SS) and 4 Optical ISLs (FS-FS)

* FSandSS are travelling in clusters so that they maintain

: ., FS FS SS
relative positions
* Assumptions ﬁ OISL(F) ﬁOISL(S) ﬁ
FL/ \
SL

— 336 FS +1344 SS (=1680) is the minimum constellation

size. Larger constellations may be considered x IGL &
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https://www.6g-ntn.eu/download/6g-ntn-d3-5/?wpdmdl=3210&masterkey=MOZ9Qai_vdPIEbAz2loOY9tIOde6ZgUI2KT7DugSWEaanyGO7qVjwezbgMbvx4zinuEsJ_T3VGZg1KgktRPv-IsCj2yUdKp4Y6e8SwGmCCs

6G Architecture 2.

* Our current 6G Architecture concept considers a Low- }C CN
Layer Split (LLS) between radio and higher-layer.

 Network Functions:

. . RANA BPUCENNE RANA R Y B
— RAN Area Function (RANAF): Baseband processing. mob"ity<><n') Function 2,
Holds UE context and Cell Config ¢
— Radio Unit Function (RUF): Lower-Layer processing RU Z ==
Function Function =
— RAN automation functions (RAF): Management of :
RANAF/RUF.

]

e Interfaces:

— LLS: High throughput/low latency/jitter stateless : :
interface Avoid CU-DU Split
' (increased complexity/delay due to
— Xn': Mobility-only interface (no DC) split UE state)

Note: Xn" and NG’ denote equivalent interfaces as NR,
but they will not have the same functionalities in 6G
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6G NTN Functional Split

« Our 6G Architecture naturally fits into the constellation Intro—RAN
F

Waledleail mobility (Xn') BT aladlely
* Feeder Link (Radio) carries low bitrate interfaces (NG,
Y, Z) - reduced chance of being a bottleneck
RU

e OISL(S) carries high bitrate interface (LLS) Function

* RAN automation function expected to handle a large
number of BSs = Located on the ground

RAN automation
functions

OISL(F)

IGL FL . OISL(S) SL
A A > (mu|tkh0p) » A N r N
FS FS S5 UE

¥ - - - i
|  Routing_

Uu
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Ground Station (GS) Deployment =

» Consideration on deployment of GS (and Core
Network nodes) may be relevant for positioning

delay evaluations
* Unclear today where GS would be deployed

— Without ISL, Airbus suggests each satellite
with at least 2 GSs visible

— Same order of magnitude as number of
satellites (~300/3000 for proposed
constellation)

— Up to 4 sat/GW (Starlink)
— Close to glass fiber availability (near cities)

» Inter-Ground-Links: Due to routing over long
distances, speed of light has minor impact.
Multi-hops has larger impact (see right)
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Ground Station (GS) Deployment E.

» Possible algorithm to generate N;¢ GSs: Result of the algorithm for N = 1000

— Define N, uniformly distributed points on
land (E.g.: based on Fibonacci Lattice)

— Find the closest centroid for each city

— Choose the most populous city for each
centroid

— If a region does not have any city with
population above a certain threshold, ignore

 Intra-GS Latency (A-B)

. 2 (Alat—B . o (Alon—B
— a = sin? (%) + cos(4;4¢) cos(Byge) sin? (%)

2R a
— latency = K—fatan /E

— K is a constants taking into account propagation in fiber and
routing (K~0.4)
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Radio Param. and Link Budget

e 6G-NTN Multilayer constellation can provide

service in C band (HH UEs) or Q/V band (VSAT

UESs)

» Optical ISLs: 100 Gbps can be achieved and
should be considered as the baseline

» FL operatesin Q/V band (likely using DVB-S2x) /
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*PPB = Photons per Bit

A\

Q/V band (~45 GHz FDD)
Param. given as GS/SAT
EIRP = 87 / 52.7 dBW

~ 87.5 /45 dB
. G/T = 40.7 / 12.7dB/K
- BW =3GHz

Optical

* 10 Gbps/ 100 Gbps

« aperture: 30 / 80 mm

. P, =37/27dBm
G=~94/ 101dB

* Geoging =4 dB

L =8 i

(264 PRBs, SCS=120 kHz)

o P 0 ol

VAM:

W

See “Link Budget” Slides
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UE Radio Capabilities E.

VSAT Handheld RedCap (R18) NB-IoT UE UE 6G eMBB
(C-band) (Q/V-band)

Frequency UL: 30 GHz 2 GHz 2 GHz 2 GHz ~3.5 GHz UL: 50 GHz 2 GHz 2 GHz UL: 30 GHz
Band DL: 20 GHz DL: 40 GHz DL: 20 GHz
Antenna type Directional Omnidirectional ~Omnidirectional Omnidirectional ? ? Omnidirectional ~ Omnidirectional Directional
(TR38.811.6.4.1) (2 tx/rx) (1 tx/rx) (>1 tx/rx) (1 tx/rx) (TR38.811.6.4.1)
Antenna Gain TX:43.2dB 0 dB 0 dB 0 dB ~25dB ~30 dB -5 dBi* -5 dBi* ~40 dBi
RX:39.7 dB
Tx Power 33dBm 23dBm 23dBm 20dBm 23dBm 34dBm 23dBm 23dBm 33dBm
Noise Figure 1.2dB 7 dB 7 dB 9dB 9dB 4dB 7 dB 7 dB 1.2dB
Temperature 150 K 290 K 290 K 290 K ? ? 290 K 290 K 150 K
Max 400 MHz 20 MHz 5 MHz 180 kHz 100 MHz 400 MHz 20 MHz 5 MHz 400 MHz
Bandwidth
Highest MCS 256 QAM 256 QAM 64 QAM QPSK ? ? 256 QAM 64 QAM 256 QAM
Max Datarate UL: >230 Mbps UL: 230 Mbps UL: 10 Mbps UL: 250 kbps ? ? - UL: 10 Mbps -
DL: >580 Mbps DL: 580 Mbps DL: 10 Mbps DL: 170 kbps DL: 10 Mbps
3GPP 6G-NTN, [4] This Project
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Satellite Radio Capabilities

ERICSSON

S-band Ka-band Ku-band (R19) C-band Q/V-band 6G eMBB/LPWA 6GVSAT
(Setl/2) (Set1/2) RP-251271 (Low Priority)

Frequency Band 2 GHz UL: 30 GHz ~12 GHz UL: 3.9 GHz UL: 50 GHz 2 GHz (S-band) UL: 30 GHz
DL: 20 GHz DL: 3.4 GHz DL: 40 GHz 15kHz DL: 20 GHz
Max BW 30 MHz 400 MHz 400 MHz 100 MHz 400 MHz 20 MHz 400 MHz
Antenna type TR 38.811.6.4.1 Satellite Dish
Antenna Gain** 30/ 24 dBi 38.5/30.5 dBi 38.5 dBi DL: 34.4 dBi 38.5 dBi 30dBi 38.5 dBi
(nadir) UL: 35.5 dBi
Cell diameter** 50/ 90 km 20 / 50km 19km 45km 19.7 km 50 km 20 km
HPBW** 4.413/8.832deg 1.765/4.413 deg 1.768 deg 6 deg 1.884 deg 4.413 deg 1.765 deg
Tx power density 64 /58 dBm/MHz 34 /26 dBm/MHz 37dBm/MHz 8.6 dBm/MHz*** 6.50r18.5 84dBm/MHz 54dBm/MHz
dBm/MHz*** (To be splitamong (To be split among
the active beams) the active beams)
G/T 1.1/-49dB/K 13/5dB/K 10.9 dB/K 6.5 dB/K NF=4dB 1.1dB/K 13dB/K
Max # beams Infinity Infinity infinity 100 ? 100 100

\ A . J
Y Y Y
3GPP 6G-NTN This Project

*Due to packaging in smartphones
| ELCFEUL Luca Feltrin | 2025-84-29 | Ericsson Internal | Page 12 of 55 **Relationship between antenna gain, HPBW and cell diameter depends on antenna efficiency (typically but not always 55%), altitude and Adjacent Beam Spacing
**Discussion ongoing



Link Budget

Group Parameter Symbol Formula/ Notes eMBB LPWA VSAT

UL DL UL DL UL DL
System Subcarrier Spacing [kHz] SCS 15 15 15 15 120 120
System Carrier Frequency [GHz] fc 2 2 2 2 30 20
System RB Bandwidth [kHz] Brb 12*SCS 180 180 180 180 1440 1440
Scheduler Assigned Resources [PRB] Nrb 2 52 1 25 264 264
Scheduler Number of Concurrentbeams atTX Nbeam 1 100 1 100 1 100
Scheduler Effective BW [MHz] B Nrb*Brb 0,36 9,36 0,18 4,50 380,16 380,16
Geometry Satellite Altitude [km] h 600 600 600 600 600 600
Geometry Elevation Angle [deg] eps 45 45 45 45 45 45
Geometry User-Satellite Distance [km] d R_E *sin(gamma)/sin(phi) (h if eps==90) 815 815 815 815 815 815
Geometry MisalignmentAngle [deg] alpha_ML Cell Edge ~HPBW/4 1,103 1,103 1,103 1,103 0,441 0,441
TX antenna Max TX Antenna Gain [dB] Gt_max -5 30 -8 30 40 38,5
TX antennaAntenna Efficiency [1] rho_t  ForDLonly - 0,55 - 0,55 - 0,55
TX antennaAntenna ka ka_t For DL only: sqrt(Gt_max/rho_t) - 42,64 - 42,64 - 113,45
TX antenna Misalignment Loss [dB] Lmt For DL only: 10Log10(4*J1(ka_t*sin(alpha_ML) / ka_t*sin(alpha_ML))"2)) - 0,74 - 0,74 - 0,84
TX antenna Effective TX antenna Gain [dB] Gt Gt _max - Lmt -5,0 4 29,3 -8,0 4 29,3 40,0 37,7
X EIRP Density [dBm/MHz] (ED mode) EIRPd - 84 - 84
X Total Transmit Power [dBm] (PT mode  Pix 23 - 23 -
TX Tx Power Density PT mode [dBm/PRB]  Pixd UL  Pitx- 10log10(Nrb) - 10log10(Nbeam) 19,99 - 23,00 -
X Tx Power Density ED mode [dBm/PRB] Pixd DL EIRPd - Gt max - 10log10(Nbeam) + 10log10(Brb) - 26,55 - 26,55
X Transmit Power Density [dBm/PRB] Pixd One of the above 20,0 26,6 23,0 26,6
Channel Free Space Path Loss [dB] PLf 92,45 + 20log10(fc [GHz])+20log10(d [km]) 156,69 156,69 156,69 156,69
Channel Loss due to atmospheric gasses [dB] Pla 0,50 0,50 0,50 0,50
Channel Loss due to scintillation [dB] PLs 0,00 0,00 0,00 0,00
Channel Shadow Fading Loss [dB] Sm 0,30 0,30 0,30 0,30
Channel Polarization Mismatch Loss [dB] PLp 3,00 3,00 3,00 3,00
Channel Total Path Loss [dB] PL Sum of all losses above 160,5 160,5 160,5 160,5
RX antenne Max RX Antenna Gain [dB] Gr_max 30 5 30,00 -8
RX antenne Antenna Efficiency [1] rho_r  For UL only: Same as Tx Antenna for DL 0,55 - 0,55 -
RX antenne Antenna ka ka_r For UL only: Same as Tx Antenna for DL 42,64 - 42,64 -
RX antenne Misalignment Loss [dB] Lmr For UL only: Same as Tx Antenna for DL 0,74 - 0,74 -
RX antennz RX Antenna Gain [dB] Gr  Grmax-Lmr 293 7 .50 293 7 .80
RX G/T [dB/K] G/T UL only 1,1 - 1,1 -
RX Noise Factor Nf DL only - 7 - 7
RX Antenna Temperature [K] T DL only - 290 - 290
RX System Temperature [K] T T'for DL, 10"(Gr_max - G/T)/10 for UL 776 290 776 290
RX Received Power density [dBm/PRB] Prxd Ptxd + Gt + Gr - PL -116 -110 -116 -113
RX Noise Power Density UL [dBm/Hz] NO_UL k- G/T+Gr_max -170 - -170 -
RX Noise Power Density DL [dBm/Hz] NO DL  k+Nf+10log10(TO+(T-T0)*10"(-Nf/10)) - -167 - -167
RX Noise Power Density [dBm/PRB] NO One of the above -117 -114 -117 -114
Result Signal-to-Noise Ratio [dB] SNR  Prxd-NO 0,9 4,7 0,9 1,7 134 6,9
Result Max bitrate (Shannon) [Mbps] Rb B*log2(1+SNR) 0,417 18,7 0,209 5,93 1722 976
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Cell Deployment
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Cell Radius / Inter-Cell-Distance
— Two fundamental parameters:

* Half-Power Beam Width (HPBW): affects cell radius
and antenna gain

* Adjacent Beam Spacing (ABS): affects how much
neighbor cells are overlapped

— 3GPP assumes a fixed relationship between the two, but
in principle they can be selected independently
- ok to study different overlaps (especially for PaaS)

Cell Pattern

— On asmall scale a hexagonal pattern is sufficient

— On alarger scale a Fibonacci lattice has more constant
inter-cell-distance on a spherical Earth (See Figure)

Realistic deployment

— Forload balancing, if satellites are capable,
smaller/denser cells may be considered near populated
areas, larger/sparser cells in less populated areas

latitude [deg]

Fibonacci Lattice
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Beam Management e
. . . . o For Cband, 35 dB
* AServing Satellite can illuminate a limited antenna gain, LEO@600
number of beams at the same time (~100) but . HPBW = 2.44 deg
must manage more than this aete%as Radius = 25.6 km
B : : : y ~250k cells on Earth
A scheduling pattern is required
» Broadcast signals constrains when a beam With 1344 Serving Satellites
should be active on average 190 cells per satellites
— Broadcast signals (e.g.: PRS, SRS, PRACH, (closer tothe equator more than this)
SSB, SIB) should be organized to be If a satellites illuminates 100 beams concurrently,
transmitted at the same time on average each cell is illuminated only 50% of the time

— In 6G we are studying how to “compactify”
all mandatory signals and have them packed
in a short block

 Beneficial also for Network Power Saving

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 15 of 55



Spectrum
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Handheld / Smartphones / IoT | | High speed / VSAT |
|
« Several bands were specified forNR-NTNupto [ EEHGEN
Rel-19 (L, S, KU, KCI) Band n256
° : : fYL[GHz] 2
The ones that will be reused in 6G and are more c
. DL
likely to be actually used for NTN are S and Ka felGHz] 2
BW [MHz] UL: 30
band DL: 30
* We propose the assumptions on the right Channel BW 15 5(25), 10(52), 15(79),
[MHz] (number 2oeo)
of PRBs) 30 10(24),15(38), 20(51)
60 10(11), 15(18), 20(24)
120
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] | Handheld VSAT

n512
30
20

UL: 2500
DL: 2900

50(66),100(132),
200(264)

50(32), 100(66),
200(132), 400(264)




Coexistence with TN and Spectrum E.

« Ifthe UEisin TN coverage it should be possible
to exploit that to improve positioning accuracy m!m

— Positioning via TN
— Pre-compensate assuming BS position
e Spectrum

— Baseline assumption isthat NTN and TN
spectrum are separate

e NTNinNR:n247,n248, n250>n256, n508>n512

Pre-compensate

[38.101-5/38.108] for this position

 CanaUEthatisoperatinginthe NTN, getthe TN
positioning signals to improve precision? - Likely not
or very difficult

— OK to assume and study TN spectrum used
for NTN

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 17 of 55



1-satellite Positioning

» In some scenarios there could be only 1 visible
satellite

— E.g:NRIoT NTN

It should be possible to perform multiple
measurements over time for positioning

» We expect the precision to increase over time as
more measurements are collected

* How long does it take to have sufficient
precision?

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 18 of 55
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Objective E.
* Wide range of KPIs * Avoid “ill-defined” requirements
— All relevant aspects should be captured the — E.qg.: It's always possible to achieve 1 cm
KPIs precision

— Pain points and constraints should also be ‘ » Afew hours of measurements

considered and studied A billion satellites

— We want to evaluate challenging scenarios « A UE with an attached nuclear power plant

— We want to evaluate IMT2030 requirements

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 20 of 55



UE Satisfaction 2.

* For each use case we may consider multiple KPIs at the same
time X24

— E.g.: IoT UEs are “satisfied” if accuracy is < 100m and less
than 1u/ was consumed

»

* Each scenario/seed/user will result in a value for each KPI

which can be represented in a N-dimensional variable space  R2 : r A
* The requirements for each use case define a region V in the .
variable space >
1
» The UE Satisfaction Probability is the fraction of occurrences . Ry
that fall into region V Requirement.:x; > Ry and x, <R,

— Asingle parameter that can be used to compare different
solutions/configurations

— Avoiding ill-defined requirements - multiple shall be
satisfied at the same time

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 21 of 55



KPIs

Accuracy (Horizontal only or 3D)

 The main KPI: what is the error in the measured
position w.r.t. the real position

Measured Position

D Rgml Position
Error—

ERICSSON

Measurement Latency

* How long does it take to perform a
measurement?

— Incaseonly 1 measurement is needed, the latency is the
time from the positioning request to the positioning reply

— Incase multiple measurements (improving precision) are
performed, it is the time from positioning request to the
positioning reply having sufficient precision

[Ue] [gn] LV

. — Request |

Trigger Measurements
4’.—

Latency

Position
\ 4 - =

Requirement: “Accuracy <X"

Requirement: “Position with sufficient
accuracy is achieved in X sec or less”




KPIs 2.

Power Consumption Residual time/doppler offset
« For IoT use cases it is important that the (Applicable to network access use case)
positioning measurement is energy efficient « Before accessing the network, UE must have a
« UE State models exist in 3GPP that can be used residual time offset / doppler shift (after pre-
against procedures to evaluate power compensation) below certain amount (so that
consumption [TR 38.840] legacy methods can compensate)
— Typically, within limits of Preamble
Power 4 | :
5 T?ime Offsét i
5 ﬂ%a_nc,e Msgl Window
& & RACH Time —
g g A
Freq. offset
Requirement: “Position with sufficient Requirement: “Residual time/doppler within

accuracy is achieved with 1uJ or less” Msgl limits”



https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3502

. . g
Other metrics useful to consider
Spectral efficiency Availability
» Considering uplink SRS or downlink PRS is used « The probability or percentage of time during
for NTN positioning, they introduce signaling which the positioning service can provide a valid
overhead, which reduces the available location estimate that meets predefined
bandwidth for data transmission and impacts performance threshold.
spectral efficiency.
* The scope is to study the trade-off between . p _ _Number ofvalid position fixes
positioning accuracy and spectral efficiency. ~ Total number of requested fixes

subcarriers

= e

C4)FDI6VI sysmbgls
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Use Cases

» Ause case is defined by a set of “input”

parameters and a set of requirements for each
KPI

e Input parameters:
— UE Type
« eMBB, LPWA, VSAT
— User Deployment
» UE/km?2, distribution over territory, ...
— User Mobility
* Avg. speed
— Use Case specific

 e.g.:trafficdemands, number of
positioning measurements per hour, ...
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Energy Consumption for LPWA

» Overall, any use case can be modelled as a cycle with an
active part and a deep sleep part

— Mobility may cause triggering of CP procedures

A I

Tmobility

;:; *Randomly Distributed
° depending on UE
= mobility
Tprx

«—>

T I

O O

O O

o o

[a o

Tcycle

* E.g.: Tracking/RAN Area Update / Cell (Re)Selection
— Periodically monitoring Paging (DRX cycle)
* Inevery cycle the UE should
— Syncto PSS/SSS in the current and neighbor cells
— Decode MIB and SIB1 (current and neighbor cells)
— Perform Cell (Re)Selection
— Acquire position via methods under study
— If use case requires reporting of position
* Perform Random Access
 Deliver Position/Measurements via LPP to LMF
* Monitor PDCCH until RRC Inactivity Timeris active

Activity
Activity

Deep Sleep Deep Sleep

What we are addressing here
is a tiny part of the whole
activity

PSS/SSS
Sync

MIB

Position

* Receive RRCRelease
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H_/

For each neighbor cell

Transition Energy
Deep Sleep = Active

Mobility

DATA +

Pos. Report

Activity

Pl

RRC
Tinactive

bl
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Study on IoT battery life with GNSS oy,

D t d b Reachability
TR 36.763, MediaTek] (Revisited) SRR —

w
»

[ Deep Sleep

Application

w

M
)

e Assumptions:

— Battery: 2100 mAh @ 2.4 V — No self discharge
— Data Cycle + GNSS Cycle: 400 bitevery Te, ¢

-
(&)} N

Average Power Consumption [mW]

— GNSS Module: 0.5
* Time-to-first-fix (Tf;y): 1s (hot-start) if Ty, < 4h, 5s 0
. Tm 5m 10m 30m 1h 2h 4h 8h 12h  24h
otherwise (warm-start) Cycle Duration /
* Power: P;yss = 37 mW (integrated module) "
B . 7 __[7 Dominated by —e _
UE Power Consumptions: : 7 deep sleep & B 0t e
* 90 mW (Rx) — 545 mW (Tx) — 3 mW (light sleep) — | %0-06 CP Procedures e ncechaty
15 uW (deep sleep) gm GNSS Hot Fix é_o.os
— GNSS Power consumption is 15%-25% of "
: 0.037 5| £ 0
total power consumption or 14 of
cycle al 2
ol 0.01
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Cycle Duration

Cycle Duration


https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3747
https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_104b-e/Docs/R1-2102755.zip

Conclusion on Energy Consumption E.

Positioning part has little impact on overall energy
consumption, but we shall consider it anyway

* How to define the requirement:
— Option 1 (Application p.o.v.):
 Battery Life should be > X
— Option 2 (Positioning p.o.v.):

» Energy for positioning should be <Y

— Option 3 (Rough positioning p.o.V.):

» Energy for positioning should be
comparable or better than GNSS (37 mW x
1s=37ml)
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* Ause case is defined by

— Battery Size
— Cycle Duration

— Power Consumptions per UE State

« Simplification

— Use cases that are plugged to a power source
or eMBB are not Energy sensitive = no
requirement
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UE Density

» Ause case is defined by a number of users per
km?

o IfauserisinTN coverage it will not use NTN
resources - can be ignored

What we should
consider in evaluations

Out of Coverage

=

Dependson TN

» The remaining users will connectto NTN if in
NTN coverage, otherwise out of coverage

» The fraction of NTN users does not depend on
use case but on the TN coverage in that area

» We need to make assumptions or evaluate the
TN coverage on a case-by-case basis

] ]

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 29 of 55 UES in bqsements
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UE Density and distribution Z.

* Overall, three possible scenarios:
— (Dense)Urban areas
* TN Coverage present - @ NTN Users
— Rural areas (see figure) )

» TN Coverage present with gaps - NTN
Users clustered in coverage gaps > <

— Amore detailed analysis is required |
— Remote areas
* TN Coverage absent - 100% NTN Users
 Alternative - consider IMT2030 requirements
— IMT2020: 500 UE/km2

— IMT2030: TBD (Let's consider 1000 UE/km?2)

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 30 of 55
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Methods 2.

» According to our current 6G concept, overall, there are two methods that can be used. Unless specified,

this applies to all the following network access use cases (the important thing is the requirements are
met, not which method is used, both methods shall be considered)

— Method 1
» Reference Points (RP) are broadcasted by serving satellite.

« UE assumes its position to compute pre compensations if more precise information is not available
— Method 2:

» UE acquires its position using positioning framework
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Cell (Re)Selection 2.

» UE shall determine in which NTN cell to camp (orin
which cell to move while in IDLE/INACTIVE)

— Either via ref. points or positioning framework

* Requirements

ICD
— Accuracy: ~

(In the end what is important is that link budget is sufficiently good = can be
likely translated to positioning accuracy)

— Frequency/Energy

« eMBB: Frequent checks, more energy consumed

» IoT: Infrequent checks, energy saving

— Latency

» Forcell reselection, the large latency may cause handover
failure
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Notes on Cell Reselection e ™2, 2.

A < »

Call1 Cell 2 Cell 3

* Accordingto TS 38.311 a UE shall re-evaluate m
cell reselection criterion every ~DRX Cycle t

« In NTN this is too frequent than needed

» Typical values:
— ICD = 30 km (Inter-Cell Distance)

— vy € [3,250] =

— > T, € [400,3600] s

Cell Reselection periodicity (TS 38.133):
- Every M; - N;DRX Cycle

M. — 2, Tsyre > 20ms ATpry < 640ms
L= 1, otherwise

N, = 1 (FR1)

D Tresetection K Teen = [40,360]s< Result: <few seconds

Some form of relaxation likely to be specified in
6G

v
°
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UL Doppler/Time Offset while in IDLE Z.

» The time/frequency offset the UE has before transmitting
Msg1l preamble should be low enough to perform RACH
asin TN

— UE can acquire SI and measure PRS from all satellites
in sight (including serving satellite) while in
IDLE/INACTIVE

* Requirements
— Residual Time offset: <CP
— Residual Freq. offset: < 5% of the SCS

— Auvailability: Detection rate > 90% (PRACH resource
allocation)
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DL Doppler/Time Offset while in IDLE Z.

* InDownlink the time/frequency offset should be low
enough to allow for efficient SSB or other measurements
in the serving and neighbor cells (i.e.: small measurement
window)

* Requirements
— Residual Time offset: < SMTC window guard time, CP
— Residual Freq. offset: < 5% of the SCS[11]

— Auvailability: Detection rate > 90% (PBCH resource
allocation)
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Coarse Geofencing for
network access

 UE shall determineif it is inside or outside a certain area

— Tracking Area for connection to correct CN, policies,
emergency

— Area without TN coverage to avoid unnecessary TN
measurements

— Intended Service Area for broadcast services

SIB: Area "A”

* Requirements:

— Accuracy: ~TN Cell diameter

| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 37 of 55



Assumptions for RACH E.

» Should we assume SSB can be (is already) detected
— The blind search procedures can be ignored from UE
— Assume the UE already has coarse information regarding time and frequency/Doppler.
— Focus on TA, frequency/Doppler estimation [1][2].
 Or consider blind SSB search
— Need to evaluate if the TN SSB detection strategy still effectivein NTN
» SSB configuration
» UE search strategy — time and frequency
« Beam sweeping

[1] X.Lin, Z.Lin, S. E. Lowenmark, J. Rune, R. Karlsson and Ericsson, “Doppler Shift Estimation in 5G New Radio Non-Terrestrial Networks," 2021 IEEE Global Communications Conference (GLOBECOM), Madrid, Spain, 2021, pp. 1-6, doi: 10.1109/GLOBECOM46510.2021.9685184.

[2] J. Zhu, Y. Sunand M. Peng, "Timing Advance Estimationin Low Earth Orbit Satellite Networks," in IEEE Transactions onVehicular Technology, vol. 73, no. 3, pp. 4366-4382, March 2024, doi: 10.1109/TVT.2023.3325328.
| ELCFEUL Luca Feltrin | 2025-04-29 | Ericsson Internal | Page 38 of 55



SSB detection scheme

Attempt 1 (Period 0)
v DETECTED

[ SSB Burst - 5ms (4 SSBs) | |
[ ISuccessful Detection
~ CListen & Wait (no detection) | :

urst Eﬂ‘u”t
L m ! I i I i
0 10 20 30 40 50 60 70 80
Time (ms)
Reriod ¢ {Reriod |1 ! Reriod 2 ! Reriod 3
o o g g
1 1 1 1 !

Attempt 1 (Period 0)
X Listen & Wait

urst

X Listen & Wait

1 1 1 1
1 1 1 1
| 1 I 1 | I |
0 10 20 30

Attempt 2 (Period 1) |

Attempt 3 (Period 2)
v DETECTED:

40 50 60 70 80

Time (ms)
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! Reriod -IIII ! Reriod 2 ! Reriod 3

Attempt 2 (Period 1) | :
- /DETECTED : ufrgt : ulrgt

0 10 20 30 40 50 60 70 80
Time (ms)

Attempt 1 (Period 0)
XListen & Wait

SSB configuration

— More frequent consider IoT

UE detection strategy — time and frequency
— NR normally only search in time

Beam sweeping

— SSB could be allocated to different beams
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Ongoing 5GPP Activities Z.

* Ongoing Rel-20 SA1 Study Item to define Use » Relevant NTN Positioning uses cases:
Cases and Requirements for 6G — Ubiquitous and Resilient Network (Sec. 8.2)
— TR 22.870 (Oct 2025 version) — Resilient positioning in sat net (Sec 8.5)
* Mainly referring to UAV/Airplanes

— Low-energy positioning in sat net (Sec 8.7)
* Mainly referring to asset tracking

— Disaster Relief (Sec 8.6)

— Low-altitude logistics (Sec 8.9)
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Ubiquitous and Resilient Navigation E.

» Focused on providing navigation-like services (e.q.:
Google Maps) to every user across the globe and
especially out of Terrestrial Coverage

* Requirements:
— End-to-end latency: 1s
— Request Rate: 360/hour

— Connection Density: 0.5 dev/km2 (~populationin
remote areas)

— Mobility: <120 kmph

— Location accuracy: 2 m
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Resilient positioning in satellite networks (TR22.870.8) 2.

 Alternative positioning approach to circumvent the unavailability of GNSS positioning, such as due
to jamming, spoofing or obstructions

» The satellite network operator of the 6G system should provide the resilient positioning service, by

ensuring the availability of 3GPP positioning technologies for the service areaq, to be exploited by
aircrafts and drones (VSAT-like type of UEs - Low Priority)

» Potential New Requirements:

Table 8.4.6-1: Performance requirements for satellite-based positioning services

Scenario Accuracy Positioning | Positioning | Environment | UE speed UE type
(95 % confidence level) service service of use
Horizontal Vertical availability latency
Accuracy Accuracy
Airplane en- [50] m [50] m [99 %] [1] s Outdoor Up to Airplane
route [1500] mounted
km/h
Airplane [10] m [10] m [99 %] [1] s Outdoor Up to [350] Airplane
landing km/h mounted
UAV [1]m [1]m [99 %] [1] s Outdoor Up to [160] UAV
positioning km/h mounted
NOTE 1: Multiple satellites can be used to support 3GPP positioning technologies.
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Disaster relief (TR22.870.8) E.

* Timely and effective rescue is crucial for saving lives and minimizing damage

» Locate first responders that are equipped with a set of wearable devices (i.e. handheld, bodycam,
vital signs monitoring sensors, ...) and some with drones with regular and thermal (infrared)
cameras

* Requirements: satellite

— End-to-end latency: 1s
g_sﬁ_g Type-1 UAV

({ig-;g-&}) Type-2 UAV

— Request Rate : 2/hour

— Connection Density: 100 dev/km?2
— Mobility: 3 km/h

— Location accuracy (1 m)
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Low-altitude logistics (TR22.870.8) Z.

 Utilize UAVs and other low-altitude aircraft to swiftly deliver the medicine, food, and
emergency supplies to the residents in remote regions

* Requirements:

En

— End-to-end latency: 1 s o ealwith heavy raln
Dispatch system '

— Req uest R(]te: 18@@/hour C | ____________ Satenps area 2 with dense fog
— Connection Density: 100/km2 B (3/
— Mobility: <60 kmph N ST
— Location accuracy (1 m) R

X 3 .‘|I 3‘\UA\%

= o

¥
areal area 2
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Asset Tracking Using Low-Power Devices

 Positioning for low-power and low-complexity devices (e.g. Massive-IoT) when served by a LEO

satellite network

Table 8.6.6-1: Performance requirements for satellite-based positioning services for energy
constrained devices

Scenario Battery Life | Horizontal Accuracy | Positioning | Environment UE speed UE type
Expectancy (95 % confidence service of use
(note 1) level) availability

Containers 12 years [100] m [95 %] Outdoor Up to [37] Container
km/h mounted

Wagons 20 years [100] m [95 %] Outdoor Up to [350] | Train mounted
km/h

Pallets 7 years [100] m [95 %] Outdoor Up to [100] Vehicle
km/h mounted

NOTE 1: Battery life expectancy is to be assumed in all coverage conditions and is based on typical message size value and

typical frequency, e.g. the number of messages per day by a typical user
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Summary of all Use Cases and Requirements

o>
>

ERICSSON

Use Case UE Type |NTN UE Density | UE Mobility | Requests Rate Positioning Latency | MaxEnergy |Residual Time Offset Residual Freq. offset
[UE/km?] [km/h] per UE [req/h] Accuracy [m] | [s] [mJ]

Cell reselection in Remote  eMBB 10000 <2.3 s <1.5kHz

Areas

RACH in Remote Areas eMBB 10 250 360 00 0.5 (o) DL: <2.3 ps; <3 kHz
UL: RACH CP + guard time

Coarse Geofencing in eMBB 10 250 360 10000 1 (o) <2.3 s <1.5kHz

Remote Areas

Cell selection in Remote LPWA 1000 3 10 10000 1 37 <2.3 s <1.5kHz

Areas

RACH in Remote Areas LPWA 1000 3 2 © 0.5 37 DL: <2.3 ps; <3 kHz
UL: RACH CP + guard time

Coarse Geofencing in LPWA 1000 3 2 10000 1 37 <2.3us <1.5kHz

Remote Areas

Google Maps in Remote eMBB 0.5 120 360 2 1 © © (oS}

Areas

Asset Tracking in Remote  LPWA 1000 40 2 100 1 37 o0 o)

Areas

Disaster Relief in Dense eMBB 100 3 2 1 1 1e9) o) o)

Urban Areas

Low-altitude logistics eMBB 100 60 1800 1 1 () 00 0
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Satellite Trajectory and Ephemeris o
» Acircular orbitis fully characterized by the * Letx, 7,2 bethe ECI axis

following ephemeris parameters: « The axis of the orbital plane (%', 9") can be
— h: altitude found as
— a: Longitude of the ascending node R X' =ZXcosa+ysina -
o y' = —XsinacosfB + ycosacosf + Zsinf
— [: Inclination . .
o Then the trajectory of the satellite:
— ¢o: Initial phase 7(t) = (Rg + h)[%' cosp(t) + V' sinp(t)] =
* In reality there are more parameters that cos a cos p(t) — sina cos f sin ¢(t)]"

X
regulate the initial position in the orbit, but = (Rg + h) |sina cos ¢(t) + cos a cos f sin ¢(¢) H
we can incorporate them in a single sin B sin ¢(1) ?
parameter With
2T
¢(t) = I t + ¢o
- (Rg + h)3

GM
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Instructions to generate the constellation E.

Feeder Satellites

Input:

* k:Fundamental parameter to control the constellation size
* h:Altitude
Satellite Indexes:
» Each satellite is identified by the pair (s, p) with
— s € GF(3k) : satellite index in each orbit
— p €[0,7k — 1] : orbital plane

— GF(N) denotes the Galois Field with N elements,
basically integers with wrap-around addition

« NI, = 21k?: Total number of Feeder Satellites

R AX _ 21T
14k+1
o AY = 2
3K
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Initial Phase

0

Longitude of Ascending Node

K = 4 (336 Feeder Satellites)

Ephemeris of satellite (s, p):
* a’(s,p) = pAX

o d5(s,p) =AY (S +p2+7k) -+

14k




Instructions to generate the constellation

Service Satellites

For feeder satellite (s, p) characterized by a” (s, p)
and ¢ (s, p) there are 4 service satellites:

We define i € [0, 3] so that each service satellite is
identified by (s, p, i) with same inclination and
altitude as the feeder satellites

« N, = 84k?:Number of service satellites
e Ngsr = 105k2: Total Number of satellites
i
m=2 b‘ —1

j=2(pmod2)—1
AX

a(s,p,i) = a’(s,p) +—m
AY mAY
N _ 4 F =0, . _
bo(s,p,i) = O(S,p)+16][4(lmod2)+k 2] + 14
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2 25 3
Longitude of Ascending Node

In 6G-NTN it is stated thatkx = 4 is
the minimum number of satellites

to guarantee global coverage




Instructions to generate the constellation E.

» Inter-Satellite Links (FS-SS)

— Given Feeder Satellite (sg, pr) and Serving
Satellite (s, ps, is) a link exists if

S = Ss ANPr = Ds

* Inter-Satellite Links (FS-FS)

— Given Feeder Satellites (s;, p;) and (s;, p;) @ VA
link exists if =
(Si =SiAp; —pj = 1)V
(si=s;Apj—pi =1)V <

(pi—pjzl/\Sj—Sizl)V
(p]—pl=1/\sl—sj=1)
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