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1.	Introduction
RAN4 has been working on the definition of core and performance requirements for IoT NTN User Equipment (UE) supporting satellite access operation as part of the work item defined in [1] during Rel-18 with outcome applicable from Rel-17 ([2]):
[image: ][image: ]
The outcome of this work has been included in 3GPP TS 36.102 ([3]) for RF and demodulation requirements while RRM requirements have been added to 3GPP TS 36.133 ([4]).
These specifications cover both Geosynchronous Orbit (GSO) satellites as well as Non-Geosynchronous (NGSO) satellites although not explicitly stated in the work item definition ([1]) 
This document analyses the applicability of the RAN4 requirements defined for IoT NTN in terms of the type of satellite and proposes a way forward to progress on test specifications implications related to this topic. It is slightly modified resubmission of [5].
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Types of satellites
Both Geosynchronous and Non-Geosynchronous orbit satellites are under the scope of IoT NTN Work Item.
These satellites have different characteristics:
- NGSO (Non – Geosynchronous Orbit)
The main characteristics of NGSO satellites are: 
· NGSO satellites includes Low-Earth Orbit (LEO) and Medium-Earth Orbit (MEO) satellites: 
· LEO satellites are in orbits in an altitude range between 300 km and 1500 km [6]. 
· MEO satellites are in orbits in an altitude range between 7000 km and 25000 km [6].
· High relative satellite velocity with respect to the UE.
-GSO (Geosynchronous Orbit)
The main characteristics of GSO satellites are: 
· GSO satellites are located in an Earth-centred orbit at a constant altitude of 35,786 km with an orbital period that matches Earth's rotation on its axis (23 hours, 56 minutes, and 4 seconds). 
· For an observer on Earth's surface, a satellite in a geosynchronous orbit returns to exactly the same position in the sky after a period of one sidereal day. 
· Over the course of a day, the object's position in the sky may remain still or trace out a path, typically in a figure-8 form, whose precise characteristics depend on the orbit's inclination and eccentricity. 
· A special case of geosynchronous orbit satellites is the geostationary orbit satellite (GEO), which is a circular geosynchronous orbit in Earth's equatorial plane with both inclination and eccentricity equal to 0. 
· A satellite in a geostationary orbit remains in the same position in the sky to observers on the surface.
· Low relative satellite velocity with respect to the UE (compared to NGSO).
2.2 UE capability indicating the type of satellite supported
According to 3GPP TS 36.306 ([7]), in IoT Non-Terrestrial Networks communications, the device indicates that supports IoT NTN access through the UE capability ntn-Connectivity-EPC-r17:
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UE can indicate the type of satellite supported through UE capability ntn-ScenarioSupport-r17:
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[bookmark: Obs1]Observation 1: There could be devices supporting only GSO satellites.
[bookmark: Obs2]Observation 2: There could be devices supporting only NGSO satellites.
[bookmark: Obs3]Observation 3: There could be devices supporting both GSO and NGSO satellites.
2.2 Configuration of the type of satellite
According to 3GPP TS 36.331 ([8]), the type of satellite will be configured through the satellite ephemerisInfo-r17 IE embedded in servingSatelliteInfo-r17 IE sent in SIB31:
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Ephemeris can be configured through position and velocity or through orbital parameters.
[bookmark: Obs4]Observation 4: The type of satellite is configured through the ephemerisInfo-r17 IE.
2.3 Type of satellites in RF core requirements
There is no reference to the type of satellites in RF core requirements ([3]). Additionally, RAN4 confirmed in [9] that all core requirements for UE transmitter and receiver apply to both GSO and NGSO satellites.
[bookmark: Obs5]Observation 5: All core requirements for UE transmitter and receiver apply to both GSO and NGSO satellites.
When defining UE transmitter and receiver test cases for IoT NTN, considering observations 1-5, different message contents should be defined for either GSO and NGSO. These messages contents could be defined in 36.508 if applicable to many test cases or in each test case if they can not leveraged in other test cases. 
[bookmark: Prop1]Proposal 1: Define message contents for GSO and NGSO satellites for NTN UE transmitter and receiver test cases ([10]).
2.4 Type of satellites in demod requirements
Regarding demod test cases, R4-2220278 ([11]) included the following agreements:
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Consequently, section 8.2.1.2 is to be added to the 3GPP TS 36.102 specification ([2]) according to R4-2305961 ([12]):
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[bookmark: Obs6]Observation 6: The only new demod requirement defined for IoT NTN PDSCH in 3GPP TS 36.102 ([3]) is only applicable to NGSO satellite.
However, the following note was added to Table 8.2.1.2-1 in [3]:
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Being this note applicable to both GSO and NGSO satellites as RAN4 clarified in [9] for NR NTN.
[bookmark: Prop2]Proposal 2: Define message contents for GSO and NGSO satellites for NTN demod test cases ([10]).
2.5 Type of satellites in RRM requirements
Regarding RRM test cases, according to R4-2306386 ([13]), each performance requirement defines the applicability of each type of satellite as follows:
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[bookmark: Obs7]Observation 7: In RRM requirements, it is explicitly stated the applicability of the requirements according to the type of satellites supported. 
As both types of satellites will be required depending on the UE capabilities (although only one type of satellite will be tested for each UE) RRM test cases should consider the definition of message contents for both types of satellites.
[bookmark: Prop6][bookmark: Prop3]Proposal 3: Define message contents for GSO and NGSO satellites for IoT NTN RRM test cases ([14]).


2.6 Type of satellites to be tested if device supports both GSO and NGSO
In case the device supports both GSO and NGSO satellites:
· RRM requirements already specify that only NGSO should be tested.
· RAN4 does not provide any guidance on which type of satellite should be tested.
[bookmark: Obs8]Observation 8: RAN4 does not provide any guidance on which type of satellite should be tested in TRx and demod test cases if device supports both GSO and NGSO satellites. 
Hence, it should be discussed whether TRx and demod test cases should be executed for each type of satellite or whether testing one of them could ensure compliance with the core requirements.
According to [9] and [15], except for frequency error, all TRx and demod test cases should be executed under zero Doppler and constant delay conditions. 
Three options could be considered for TRx and Demod test cases: 
· Option 1: Only NGSO testing is needed (similar as in RRM test cases)
· Option 2: Only GSO testing is needed.
· Option 3: Both types of satellites are needed.
For zero Doppler conditions case, GSO satellite covers the highest delays. Hence, option 2 should be the one chosen for all TRx and demod test cases under zero Doppler conditions. 
Probably frequency error test under non-zero Doppler conditions should be tested separately for each type of satellite supported. 
[bookmark: Prop4]Proposal 4: For UE supporting both GSO and NGSO satellites, TRx and demod test cases shall be tested only using GSO when zero Doppler conditions apply. For this type of devices, frequency error under non-zero Doppler conditions shall be tested for each type of satellite supported by the device. 


3. 	Conclusion
This document analyses the applicability of the RAN4 requirements defined for IoT NTN in terms of the type of satellite and proposes a way forward to progress on test specifications implications related to this topic.
The following observations and proposals are made: 
Observation 1: There could be devices supporting only GSO satellites.
Observation 2: There could be devices supporting only NGSO satellites.
Observation 3: There could be devices supporting both GSO and NGSO satellites.
Observation 4: The type of satellite is configured through the ephemerisInfo-r17 IE.
Observation 5: All core requirements for UE transmitter and receiver apply to both GSO and NGSO satellites.
Proposal 1: Define message contents for GSO and NGSO satellites for NTN UE transmitter and receiver test cases ([10]).
Observation 6: The only new demod requirement defined for IoT NTN PDSCH in 3GPP TS 36.102 ([3]) is only applicable to NGSO satellite.
Proposal 2: Define message contents for GSO and NGSO satellites for NTN demod test cases ([10]).
Observation 7: In RRM requirements, it is explicitly stated the applicability of the requirements according to the type of satellites supported. 
Proposal 3: Define message contents for GSO and NGSO satellites for IoT NTN RRM test cases ([14]).
Observation 8: RAN4 does not provide any guidance on which type of satellite should be tested in TRx and demod test cases if device supports both GSO and NGSO satellites. 
Proposal 4: For UE supporting both GSO and NGSO satellites, TRx and demod test cases shall be tested only using GSO when zero Doppler conditions apply. For this type of devices, frequency error under non-zero Doppler conditions shall be tested for each type of satellite supported by the device. 
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4.3.38.1 ntn-Connectivity-EPC-r17

‘This field indicates whether the UE supports NTN access. This field is only applicable if the UE supports ce-Moded-
13 or any ue-Category-NB. If the UE indicates this capability the UE shall support the following enhancements:
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4.3.385 ntn-ScenarioSupport-r17

‘This field indicates whether the UE supports NTN features in GSO or NGSO scenario. The UE indicating support of
nin-ScenarioSupport-r17 shall also indicate support of nin-Connectivity-EPC-r17. 1f a UE does not include this field
but includes nin-Connectivity-EPC-r17, the UE supports the NTN features for both GSO and NGSO scenarios.
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- SysteminformationBlockType31

‘The IE SystemInformationBlockType31 contains satellite assistance information for the serving cell.
SystemInformationBlockType31 is only signalled in a NTN cell.

SysteminformationBlockType31 information element

-~ ASNLSTART

SystemInformationBlockType3l-rl7 :

servingSatelliteInfo-rll
lateNonCriticalExtension

}

ServingSatelliteInfo-rl] :
ephemerisInfo-rll
statevectors
orbitalParameters
1o
nta-CommonParameters-17
nta-Common-r17
nta-CommonDrife-r17

nta-CommonDriftVariation-rl7

1
ul-SyncvalidityDuration-rll

epochTime-r17
startSEN-r17
startSubFrame-rl7

}

x-Offset-r17

k-Mac-r17

SEQUENCE {
ServingSatelliteInfo-rl7,
OCTET STRING

SEQUENCE {
CHOICE {

EphemerisStatevVectors-rl7,
EphemerisOrbitalParameters-rl7

SEQUENCE {
INTEGER (0..8316827)
INTEGER (-261935..261935)
INTEGER (0..29479)

ENUMERATED {s5, s10, s15, s20,
545, s50, s55, s60,

SEQUENCE {
INTEGER (0..1023),
INTEGER (0..9)
INTEGER (0..1023),

INTEGER (1..512)

oPTIONAL,
OPTIONAL, Need 0P
OPTIONAL, Need 0P
OPTIONAL Need 0P

525, $30, s35, s40,

5120, s180, $240, 5900},
OPTIONAL, - Need OP

OPTIONAL, - Need OP
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SysteminformationBlockType31 field descriptions

epochTime
Epoch time of the satelite ephemeris data and common TA parameters, see TS 36.213 [23]. The reference
‘epoch time of the serving satelite ephemeris and Common TA parameters is the uplink time synchronization
reference point.

epochTime is the starting time of a DL subframe indicated by startSFN and startSubframe. For serving cell, the.
startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the
epochTime is received.

Ifthe field is absent, the UE uses the starting time of the DL subframe corresponding to the end of the S1 window
during which the SI message carrying SIB31 is transitted.

E-UTRAN always includes epochTime when SysteminformationBlockType31 is provided through dedicated signalling.
In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the startSFN and
‘startSubFrame number indicated in this field refers to the SFN and sub-frame of the target cell, and UE considers the
target cell epoch time (indicated by the startSFN and startSubFrame in this field) to be the frame nearest to the frame.
‘where RRCConnectionReconfiguration message is received.

k-Mac
Scheduling offset used when downlink and uplink frame timing are not aligned at the eNB, see TS 36.213 [23]. Unitin
ms.

Ifthe field if absent, the UE uses the (default) value of 0.

k-Offset
Scheduling offset used in the timing relationships in NTN, see TS 36.213 [23). Unitin ms.

‘nta-Common
Network-controlled common TA, see TS 36.213 [23]. Unit of ps.

Step of 3255208 x10° ps. Actual value = field value * 3255208 x10°.
I the field is absent, the UE uses the (default) value of 0.

‘nta-CommonDrift
Drift rate of the common TA, see TS 36.213 [23]. Unit of pisls.
Step of 0.2 x10° ss. Actual value = field value * 0.2 x10°.
I the field is absent, the UE uses the (default) value of 0.

‘nta-CommonDriftVariation
Drift rate variation of the common TA, see TS 36.213 [23]. Unit of ps/s?.
Step of 0.2 x10+ s/s?. Actual value = field value * 0.2 x10+.

I the field is absent, the UE uses the (default) value of 0.

orbitalParameters
Instantaneous values of the satellite orbital parameters. The signalled values are only valid for the duration as defined
by ul-SyncValidityDuration and epochTime.

‘stateVectors
Instantaneous values of the satellite state vectors. The signalled values are only valid for the duration as defined by
ul-SyncValidityDuration and epochTime.

ul-SyncValidityDuration
Valdity duration of the satellite ephemeris data and common TA parameters, i.e. maximum time duration (from
epochTime) during which the UE can apply the satellite ephemeris without acquiring new satelite ephemeris, see TS
36.213 [23]. Unit in second.

Value 5 corresponds to 5 seconds, value 10 corresponds to 10 seconds and so on.
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- EphemerisStateVectors

The IE EphemerisStateVectors provides satellite ephemeris in format of position and velocity state vectors in ECEF.

Ephemeris StateVectors information element

~ ASNISTART

Ephemerisstatevectors-rll sequence |
positionx-r11 Positionstatevector—ril,
positiony-r11 Positionstatevector—ril,
positionz-r11 Positionstatevector—ril,
velocityv-r1] Velocitystatevector-rll,
velocityvy-r1] Velocitystatevector—rl7,
velocityvz-r1] Velocitystatevector-rl]

)

BositionStateVector-ri] ::= INTEGER (-33554432..33554431)

VelocityStateVector-rl? ::= INTEGER (-131072..131071)

~ asNisTOP

EphemerisStateVectors field descriptions

PpositionX, positionY, positionZ
X, Y, Z coordinate of satellite position state vector in ECEF. Unit in meter.
Step of 1.3 m. Actual value = field value * 1.3.

velocityVX, velocityVY, velocityVZ
X, Y, Z coordinate of satelite velocity state vector in ECEF. Unit in meter/second.
Step of 0.06 ms. Actual value = field value * 0.06.
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- EphemerisOrbitalParameters
‘The IE EphemerisOrbitalParameters provides satellite ephemeris in format of orbital parameters in ECL.

NOTE:  The ECIand ECEF coincide at Epoch time (¢.g. x.y,z axis in ECEF are aligned with x.y.z axis in ECI).

[EphemerisOrbitalParameters information element

- AswiSTART

EphemerisOrbitalparameters-rl7 ::= SEQUENCE (
semiMajoraxis-z17 INTEGER (0..8589934591),
eccentricity-r17 INTEGER (0..1048575),
periapsis-zil INTEGER (0..268435455),
longitude-z17 INTEGER (0..268435455),
inclination-r17 INTEGER (-67108864..67108863),
anomaly-r11 INTEGER (0..268435455)

)

- aswisTop
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EphemerisOrbitalParameters field descriptions

‘anomaly
Mean anomaly M at epoch time, see NIMA TR 8350.2 [110]. Unit in radian.
Step of 2.341" 10 rad. Actual value = field value * (2.341 10%).

eccentricity
Eccentricity e, see NIMA TR 8350.2 [110].
Step 1.431 * 10%. Actual value = field value * (1.431* 10%).

inclination
Inclination i, see NIMA TR 8350.2 [110]. Unit in radian.
Step of 2.341* 10* rad. Actual value = field value * (2.341* 10%).

Iongitude
Longitude of ascending node ©, see NIMA TR 8350.2 [110]. Unit in radian.

Step of 2.341* 10°* rad. Actual value = field value * (2.341° 10%).
pois

Argument of periapsis o, see NIMA TR 8350.2 [110). Unit in radian.

Step of 2.341" 10% rad. Actual value = field value * (2.341° 10).

‘semiMajorAxis
Semi major axis o see NIMA TR 8350.2 [110]. Uit in meter.
Stepof 4.249 * 10° m. Actual value = 6500000 + field value * (4.249 * 10%).
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Issue 1-1-1: Requirements for different NTN scenarios

Agreement:

« Only consider LEO-600 scenario for LTE NTN IOT performance requirements definition

« Adopt the following applicability rule for Cat-M1 UE for NTN.

ntn-Connectivity-EPC-r17_| _ntn-ScenarioSupport-r17

‘Applicability

‘Supported GSO only’

"UE needs to pass TS36.101 Cat-MI requirements only
according to the UE capability

‘Supported NGSO only

UE needs to pass TS36.101 Cat-MI requirements and
the additional NGSO test in TS36.102 according to the
UE capability

Supporied "Not specified (supporting

both GSO and NGSO)

UE needs to pass TS36.101 Cat-MI requirements and
the additional NGSO test in TS36.102 according to the
UE capability

Not supported -

"UE needs to pass TS36.101 Cat-MI requirements only
according to the UE capability

« Adopt the following applicability rule for Cat-NB

1/NB2 UE for NTN.

ntn-Connectivity-EPC-r17_| _ntn-ScenarioSupport-r17

‘Applicability

‘Supported GSO only’

UE needs to pass TS36.101 Cat-NB1/NB2
sequirements only according to the UE capability

‘Supported NGSO only

'UE needs to pass T536.101 Cat-NBL/NB2
requirements and the additional NGSO test in
T$36.102 according to the UE capability

Supporied "Not specified (supporting

both GSO and NGSO)

UE needs to pass TS36.101 Cat-NB1/NB2
requirements and the additional NGSO test in
T$36.102 according to the UE capability

Not supported -

UE needs to pass TS36.101 Cat-NB1/NB2
sequirements only according to the UE capability
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Issue 1-1-3: Duplex mode for Cat-M1 over NTN

Agreement:

o Define UE demodulation requirement for FDD only, both HD-FDD and FD-FDD
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Issue 1-1-6: PBCH and PDCCH requirements

Agreement:
e Do not introduce new NPBCH and NPDCCH requirements for NB-IoT over NTN.
e Do not introduce new PBCH and MPDCCH requirements for Cat-M1 over NTN.
e Note: PDCCH performance can be implicitly verified under PDSCH requirements.
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8.2.1.2 Applicability of requirements for optional UE features

The performance requirements in Table 8.2.1.2-1 shall apply for UEs which support optional UE features only. If same
test is listed for different UE features/capabilities in Clauses 8.2.1.2, then this test shall apply for UEs which support all
corresponding UE features/capabilities.
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Table 8.2.1.2-1: Requirements applicability for optional UE features

r13)

UE feature/capability Test list Applicability notes
Clause 8.2.1.1
NN cereen (e aie (Test 1, Test 2 The requirements apply only for UE Category M1
Test3
Ercrt Clause 8.3.1.1
Test 1. Test 2 The requirements apply only for UE Category NB1, NB2
Clause 8.2.1.1 The requirements apply only for UE Category M1, and
(Test 1, Test 2 only when ntn-ScenarioSupport-r17 is “ngse” or is not
NTN scenario support (ntn- Test3 included
ScenarioSupport-r17) Clause 8.3.1.1 The requirements apply only for UE Category NB1, NB2
—— and only when ntn-ScenarioSupport-r17 is “ngsQ” or is not
(Test 1, Test 2) 5
included
Operation in coverage Clause 8.2.1.1
enhancement mode A (ce-ModeA- W The requirements apply only for UE Category M1
13) (Test 1, Test 2)
Operation in coverage Clause 8.2.1.1
enhancement mode B (ce-ModeB- Test3d) The requirements apply only for UE Category M1
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Table 8.2.1.2-

Requirements applical

ity for optional UE features

UE featurelcapability Testiist Applicability notes
Clase 82.1.1

NI accees rin Conneciy- | 1951 TesI 2. | The reutements sl onyfor UE Category M1

Frenn Clause 8313, | e requirements appiy only for UE Category NB1, NB2
(Test 1, Test2 ]
Glause 82.1.1 | The requirements apply orly Tor UE Category W, and

NTN scenario support (nin-
ScenarioSupport-r17)

(Test 1, Test2,
Test 3

only when ntn-ScenarioSupport-17 s “ngsg’ o is not
included

Clause 83.1.1
(Test 1, Test 2)

“The requirements apply only for UE Category NBT, NB2.
and only when ntn-ScenarioSupport-17 is ‘ngsg’ oris not
included

Gperation in coverage
enhancement mode A (ce-ModeA-
113)

Clause 8.2.1.1
(Test 1, Test 2)

‘The requirements apply only for UE Category M1

Operation in coverage
enhancement mode B (ce-ModeB-
13)

Note

Clause 8211
(Test3)

‘The requirements apply only for UE Category M1
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Description

Configuration

1 GSO0, HD-FDD duplex mode

2 NGSO, HD-FDD duplex mode

Note: If UE supports both NGSO and GSO, the test case Config 1 can be skipped if the UE passes test
case Config 2.





image2.png
[Table 3A.4-1: Additional requirements of other release independent features

Feature

Release
independent
from

Requirements to be
fulfilled
(see 36.307 of the REL
when the feature was
introduced)

Further information





