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1.	Introduction
RAN4 has been working on the definition of core and performance requirements for NR User Equipment (UE) supporting satellite access operation as part of the work item defined in [1] during Rel-17.
The outcome of this work has been included in 3GPP TS 38.101-5 ([2]) for RF and demodulation requirements while RRM requirements have been added to 3GPP TS 38.133 ([3]).
These specifications cover both Geosynchronous Orbit (GSO) satellites as well as Non-Geosynchronous (NGSO) satellites as per work item definition ([1]) (where references to LEO a GEO can be found instead):
[image: ]
This document analyses the applicability of the RAN4 requirements defined for NR 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 [4].
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Types of satellites
Both Geosynchronous and Non-Geosynchronous orbit satellites are under the scope of NR 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 [4]. 
· MEO satellites are in orbits in an altitude range between 7000 km and 25000 km [4].
· 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 38.306 ([5]), in NR Non-Terrestrial Networks communications, the device indicates that supports NR NTN access through the UE capability nonTerrestrialNetwork-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 38.331 ([6]), the type of satellite will be configured through the satellite ephemerisInfo-r17 IE embedded in ntn-Config-r17 IE sent in SIB19:
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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 [7] 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 NR NTN, considering observations 1-5, different message contents should be defined for either GSO and NGSO. These messages contents could be defined in 38.508-1 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 ([8]).
2.4 Type of satellites in demod requirements
Regarding demod test cases, R4-2214386 ([9]) included the following agreements:
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Consequently, section 8.2.1 was added to the 3GPP TS 38.101-5 specification ([2]):
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Later, in R4-2313940 [10], some further clarification was added to this applicability table as:
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[bookmark: Obs6]Observation 6: The only new demod requirement defined for NR NTN PDSCH in 3GPP TS 38.101-5 ([2]) is only applicable to NGSO satellite.
Being this note applicable to both GSO and NGSO satellites as RAN4 clarified in [7] for NR NTN.
[bookmark: Prop2]Proposal 2: Define message contents for GSO and NGSO satellites for NR NTN demod test cases ([8]).
2.5 Type of satellites in RRM requirements
Regarding RRM test cases, 3GPP TS 38.133 ([3]) includes the following:
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Additionally, 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.
Within GSO satellites, considering that varying delay and Doppler shifts in satellites with inclination different from 0º (not GEO) represent a worse case than GEO satellites, it is proposed to test only GSO satellites different from GEO. 
[bookmark: Prop6][bookmark: Prop3]Proposal 3: Define message contents for GSO (different from GEO) and NGSO satellites in NR NTN RRM test cases ([11]).
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 [7] and [13], 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 NR 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 ([8]).
Observation 6: The only new demod requirement defined for NR NTN PDSCH in 3GPP TS 38.101-5 ([2]) is only applicable to NGSO satellite.
Proposal 2: Define message contents for GSO and NGSO satellites for NR NTN demod test cases ([8]).
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 (different from GEO) and NGSO satellites in NR NTN RRM test cases ([11]).
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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nonTerrestrialNetwork-r17
Indicates whether the UE supports NR NTN access. If the UE indicates thi
capability the UE shall support the following NTN essential features, e.g., timer
extension in MAC/RLC/PDCP layers and RACH adaptation to handie long RTT,
acquiring NTN specific SIB and more than one TAC per PLMN broadcast in one cell.
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ntn-ScenarioSupport-r17
Indicates whether the UE supports the NTN features in GSO scenario or NGSO
scenario. If a UE does not include this field but includes nonTerrestrialNetwork-r17,
the UE supports the NTN features for both GSO and NGSO scenarios, and also
between GSO and NGSO scenarios.
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- SIB19

SIB19 contains satellite assistance information for NTN access.

TART

SIB19-r17 SEQUENCE {
ntn-Config-rl7
t-Service-rll
referencelocation-rl7
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SIB19 field descriptions

distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each
step represents 50m.

ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and

epoch.
ntn-NeighCellConfigList, ntn-NeighCellConfigListExt

Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellld. This set includes all elements of nin-NeighCellConfigList and all elements of
ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the nin-Config provided in the entry at the same position in ntn-
NeighCellConfigList applies.

referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as
defined in TS 38.304 [20].

t-Service
Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in
multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop
time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.
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- NTN-Config

‘The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.

epochTime-r17
ntn-UlSyncValidityDuration-rl7 ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,

cellSpecificKoffset-rl7
Jmac-r17

ta-Info-rl7
ntn-PolarizationDL-rl7
ntn-PolarizationUL-rl7
ephemerisInfo-rll
ta-Report-rll

}

EpochTime-rl7
stn-r17
SubFrameNR-r17

}

TA-Info-rl7 :
ta-Common-r17
ta-CommonDrift-rl7
ta-CommonDriftVariant-rl7

NTN-Config information element

SEQUENCE {

EpochTime-r17

540, 545, $50, s55, s60, s120, S180, 5240, $300}
1023)
512)

INTEGER (1
INTEGER (1
TA-Info-rl7

ENUMERATED {rhcp, lhcp, linear)
ENUMERATED {rhcp, lhcp, linear)
EphemerisInfo-rl7

ENUMERATED {enabled}

SEQUENCE {

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

SEQUENCE {
INTEGER (0. .66485757),
INTEGER (-257303..257303)
INTEGER (0. .28949)
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OPTIONAL,
OPTIONAL,
OPTIONAL,
OPTIONAL,
OPTIONAL,

oPTIONAL,
OPTIONAL
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NTN-Config field descriptions

‘Ephemerisinfo
This field provides satellte ephemeris either in format of position and velocity state vector or in format of orbital parameters. This field is excluded when determining changes in
system information, i.e. changes to ephemerisinfo should neither result in system information change notifications nor in a modification of valueTag in SIBT.

‘epochTime

Indicate the epoch time for the NTN assistance information. When explicity provided through SIB, or through dedicated signaling, Epoch Time is the starting time of a DL sub-
frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. The reference point for epoch time of the serving sateliite ephemeris and
‘Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of S window where this SIB19 is scheduled. This
field is mandatory present when provided in dedicated configuration. If this field is absent in ntn-Config provided via NTN-NeighCellConfig the UE uses epoch time from the
serving satelite ephemeris, otherwise the field is based on the timing of the serving cell,ie. the SFN and sub-frame number indicated in this field refers to the SFN and sub-
frame of the serving cell. In case of handover, this field is based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and
sub-frame of the target cell. This field is excluded when determining changes in system information, i.e. changes to epochTime should neither resulf in system information
change notifications nor in a modification of valueTag in SIB1.

cellSpecificKoffset
‘Scheduling offset used for the timing relationships that are modified for NTN [see TS 38.211]. The unit of the field K_offset is number of siots for a given subcarrier spacing of
15 khz. f the field is absent UE assumes value 0.

‘kmac

‘Scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. It s needed for UE action and assumption on downlink configuration
indicated by a MAC CE command in PDSCH [see TS 38.2xy). If the field is absent UE assumes value 0.

For the reference subcarrier spacing value for the unit of K_mac in FR1. a value of 15 kHz is used. The unit of K_mac is number of slots for a given subcarrier spacing.

‘ntn-PolarizationDL
If present, this parameter indicates polarization information for downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and
Linear polarization.

‘ntn-PolarizationUL
If present, this parameter indicates Polarization information for Uplink service link.
If not present and ntn-PolarizationDL is present, UE assumes the same polarization for UL and DL

‘ntn-UlSyncValidityDuration

A validity duration configured by the network for assistance information (i. Serving and/or neighbour satellte ephemeris and Common TA parameters) which indicates the
‘maximum time during which the UE can apply assistance information without having acquired new assistance information.

‘The unit of ntn-UlSyncValidityDuration is second. Value s5 corresponds to 5 s, value s10 ndicate 10 s and so on. This parameter applies to both connected and idle mode
UEs. I this field is absent in ntn-Config provided via NTN-NeighCellConfig, the UE uses duration from the serving cell assistance information. This field is excluded
‘when determining changes in system information, i.e. changes of ntn-UISyncValidityDuration should neither result in system information change notifiations nor in a
‘modification of valueTag in SIB1. nin-UlSyncValidityDuration is only updated when at least one of epochTime, ta-Info, ephemerisinfo is updated.

ta-Common

Network-controlled common timing advanced value and it may include any timing offset considered necessary by the network. ta-Common with value of 0 is supported. The
granularity of ta-Common is 4.072 x 10°(-3) . Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information,
ie_changes of ta-Common should neither result in system information change notifications nor in a modfication of valueTag in SIB1

ta-Commonorift

Indicate driftrate of the common TA. The granularity of ta-CommonDriftis 0.2 x 107(-3) s’ Values are given in unit of corresponding granularity. This field is exciuded
when determining changes in system information, i.e. changes of ta-CommonDrift should neither result in system information change notifications nor in a modification of
valyeTag n SIB1.

ta-CommonoriftVariant

Indicate driftrate variation of the common TA. The granularity of ta-CommonDriftVariation is 0.2x10%(-4) 2. Values are given in unit of corresponding granularity. This
field is excluded when determining changes in system information, i.e. changes of ta-CommonDriftVariant should neither result in system information change notifications nor
in a modification of valueTag in SIB1
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- Ephemerisinfo
‘The IE Ephemerislnfo provides satellite ephemeris. Ephemeris may be expressed either in format of position and velocity state vector or in format of orbital parameters.
Ephemerisinfo information element

EphemerisTao-x17 crotce |
positionvelocity-rl7 Positionvelocity-ril,
orbital-ril orbital-r11

)

Positionvelocity-r11 sequence {
positionk-r17 Positionstatevector-rl7,
positiony-r17 Positionstatevector-r1,
positionz-x17 Positionstatevector-rl,
velocityVx-s17 VelocityStateVector-rl7,
velocityvy-r17 VelocityStateVector-rl7,
velocityvz-r17 Velocitystatevector-r17

)

Orbital-r1? i: sequence {
semiMajorAxis-r1] TNTEGER (0..8589934501),
eccentricity-x17 TNTEGER (0..1048575),
periapsis-ri] TNTEGER (0..268435455),
Longitude-ri TNTEGER (0..268435455),
inclination-r17 INTEGER (-67108864..67108863),
meanAnomaly-x17 TNTEGER (0..268435455)

)
PositionStateVector-rl] ::= INTEGER (-33554432..33554431)

VelocitystateVector-rl7 ::= INTEGER (-131072..131071)
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Ephemerisinfo field descriptions

‘eccentricity
Satelite orbital parameter: eccentricity e, see NIMA TR 8350.2 [71). Unitis radian.
Step of 1431 * 10%. Actual value = field value * (1.431 * 10%)

Satellte orbital parameter: inciination i, see NIMA TR 8350.2 [71]. Unitis radian.

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

Satelite orbital parameter: longitude of ascending node ©, see NIMA TR 8350.2 [71). Unit is radian.
Step of 2.341* 10° rad. Actual value = field value * (2.341* 109)

‘meanAnomaly
Satelite orbital parameter: Mean anomaly M at epoch time, see NIMA TR 8350.2 [71). Unit is radian
Step of 2341 10* rad. Actual value = field value * (2.341* 10°)

‘periapsis
Satelite orbital parameter: argument of periapsis o, see NIMA TR 8350.2 [71). Unit is radian.

Step of 2.341* 10* rad. Actual value = field value * (2.341* 10°).
itionX, positionY, positionZ

X, Y, Z coordinate of satelite position state vector in ECEF. Unit is meter.

Step of 1.3 m. Actual value = field value * 1.3

‘semiMajorAxis
Satelite orbital parameter: semi major axis o, see NIMA TR 8350.2 [71). Unitis meter.
Stepof 4.249 * 10° m. Actual value = 6500000 + field value * (4.249 * 10)

velocityVX, velocity VY, velocityVZ
X, Y, Z coordinate of satelite velocity state vector in ECEF. Unit is meter/second.
Step of 0.06 m/s. Actual value = field value * 0.06.
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Issue 2-1: PDSCH requirements for GEO and LEO
e Proposals: to confirm the following tentative agreements:

o Option 1: Define PDSCH Demod requirements for LEO-600. Do not define separate set of
requirements for GEQ|

e Agreements:
o Agree with Option 1
Sub-topic 2-2
Issue 2-2: Applicability rules for LEO requirements
e Proposals: to confirm the following tentative agreements:

o Option 1: The applicability for GSO only is proposed to be the same as ‘nonTerrestrialNetwork-
r17’: UE needs to pass TS38.101-4 requirements only

e Agreement:

o From RAN4 UE demodulation requirement perspective, the applicability for GSO only is
proposed to be the same as ‘nonTerrestrialNetwork-r17°: UE needs to pass TS38.101-4
requirements only
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8.2.1 General
8.2.1.1

8.2.1.1.1 General

Applicability of requirements

‘The minimum performance requirements are applicable to all FRI operating bands defined in clause 5.2.

If same test is listed for different UE features/capabilities in Clauses 8.2.1.1.2, then this test shall apply for UEs which

support all corresponding UE features/capabilitics.

8.21.1.2

Applicability of requirements for optional UE features

‘The performance requirements in Table 8.2.1.1.2-1 shall apply for UEs which support optional UE features only.

Table 8.2.1.1.2-1: Requirements applicability for optional UE features

FeedbackDisabled-r17)

UE feature/capability [TBD] Tost Tost list “Applicability notes
NR NTN access Clause 82.1.2.2.1 (Test 11,
(nonTerrestrialNetwork-r17) FRIFDD | PDSCH | 156t 1.2, Test 1-3, Test 1-4)
The requirements
) apply only when ntn-
NR NTN scenario support (nin- Clause 8.2.1.2.21 (Test 1-1, "
ScenarioSupport-r17) FRIFDD | PDSCH | 15611 2, Test 1-3, Test 1-4) ;ﬁf“;as:?ﬁ’”‘i’s%”7
incuided.
Increasing the number of HARQ Clause 82.12.2.1 (Test 1-3)
processes (max-HARQ- FR1FDD | PDSCH
ProcessNumber-r17)
Disabled HARQ feedback for
downlink transmission (harq- FR1FDD | PDSCH | Clause 8.2.1.2.2.1 (Test 1-4)
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The performance requirements in Table 8.2.1.1.2-1 shall apply for UEs which support optional UE features only.

Table 8.2.1.1.2-1: Requirements applicability for optional UE features

UE feature/capability [TBD11] Test type Test list Applicability notes
NR NTN access Clause 8.2.1.2.2.1 (Test 1-1,
(nonTerrestrialNetwork-r17) FR1FDD PDSCH Test 1-2, Test 1-3, Test 1-4)

The requirements
. - apply only when ntn-
T aconer ot 00| e D | poscH | GauseB21 221 (Tl | SconaroSupport7
’ ’ is “ngso” or is not
configured-inculded.
Increasing the number of HARQ Clause 8.2.1.2.2.1 (Test 1-3)
processes (max-HARQ- FR1 FDD PDSCH
ProcessNumber-r17)
Disabled HARQ feedback for
downlink transmission (harg- FR1 FDD PDSCH | Clause 8.2.1.2.2.1 (Test 1-4)
FeedbackDisabled-r17)
Note: For UE supporting NR NTN access (nonTerrestrialNetwork-r17), the requirements in TS38.101-4 also

applies to UE according to applicability rules in TS38.101-4 Clause 5.1, 6.1, 7.1 and 8.1
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A.3.36.2 Principle of testing GSO and NGSO scenarios

In Annex A, RRM test cases related to satellite access are defined for both GSO and NGSO. The testing principle for
these test cases is as follows:

- A UE capable of GSO only is required to pass the test cases with GSO.
- A UE capable of NGSO only is required to pass the test cases with NGSO.
- A UE capable of both GSO and NGSO is required to pass the test cases with NGSO only.

Support of GSO and NGSO scenario is indicated via ntn-ScenarioSupport-r17.
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Configuration

Doscription

75 Kz SSB SCS._ 10 MFz bandwidih, FDD duplex mode
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Configuration Doscription
1 GSO,_NR FDD, 15Kz SSB SCS, 10 Mz BW.

) NGSO, NR FOD, 15KkHz S58 SCS. 10 MHz BW

Note:

T UE supports both NGSO and GSO, the GSO-based lest cases can be skipped
ifthe UE passes NGSO-based test cases.
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41

Objective
Objective of Sl or Core part WI or Testing part WI

The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and
GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios
according to the following principles:

FDD is assumed for core specification work for NR-NTN.
o NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
Earth fixed Tracking area is assumed with Earth fixed and moving cells
UEs with GNSS capabilities are assumed.
Transparent payload is assumed
Handheld devices in FR1 are supported (e.g. Power class 3)
“VSAT” devices with external antenna (including fixed and moving platform mounted devices) at least in FR2
are supported for the RAN1-3 specifications. “VSAT” characteristics in TR 38.821 can be assumed for the
RANI-3 specifications.




