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[bookmark: foreword][bookmark: _Toc221600030]Foreword
[bookmark: spectype3]This Technical Specification | Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc221600031]Introduction
Editor’s note – This section will be added in the next revision
[bookmark: scope][bookmark: _Toc221600032]
1	Scope
This technical report addresses the study of GNSS (Global Navigation Satellite System) resilient operation in NR-NTN (Non-Terrestrial Networks), targeting Release 20 enhancements. The objective is to evaluate and define solutions to ensure NR-NTN functionality in scenarios where GNSS signals are unavailable, degraded, or spoofed, while maintaining seamless network operation and user experience.
The study specifically investigates the impact of GNSS loss or impairment on initial access and connected mode procedures in NR-NTN deployments. As part of this assessment, the study aims to minimize modifications to physical layer procedures and avoid any changes to physical layer channels and signals. Maintaining backward compatibility with legacy NTN-capable user equipment (UEs) is a key requirement; any proposed solutions must be thoroughly evaluated to prevent issues for existing deployments.
The scope encompasses NR-NTN operating over both non-geostationary (NGSO) and geostationary (GSO) satellite constellations, spanning frequency bands below and above 10 GHz, and considering both transparent and regenerative satellite architectures. The findings and recommendations will be applicable to a wide range of NTN deployment scenarios.
[bookmark: references][bookmark: _Toc221600033]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 38.811 v15.4.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)".
[3]	RP-251933 Revised SID: " Study on GNSS (Global Navigation Satellite System) resilient NR-NTN (Non-Terrestrial Networks) operation ", Thales (Rapporteur).
[4]	3GPP TR 38.821 v15.2.0: "Solutions for NR to support non-terrestrial networks (NTN) (Release 16)".
[5]	3GPP TR 38.300 V19.1.0: "NR; NR and NG-RAN Overall Description; Stage 2".
[6]	3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities".
[7]	R1 2601483: PRACH performance in “PRACH performance evaluation.

[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc221600034]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc221600035]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Feeder link: Wireless link between NTN Gateway and satellite.
Geostationary Earth orbit: Circular orbit at 35,786 km above the Earth's equator and following the direction of the Earth's rotation. An object in such an orbit has an orbital period equal to the Earth's rotational period and thus appears motionless, at a fixed position in the sky, to ground observers.
GNSS (Global Navigation Satellite System): is a general term for satellite-based systems that provide global positioning, navigation, and timing (PNT) services. GNSS systems use a constellation of satellites orbiting the Earth that transmit signals enabling a receiver (such as a smartphone, vehicle, or specialized equipment) to determine its precise location (latitude, longitude, and altitude) and time anywhere on or near the Earth's surface.
Low Earth Orbit: Orbit around the Earth with an altitude between 300 km, and 1500 km.
Medium Earth Orbit: region of space around the Earth above low Earth orbit and below geostationary Earth Orbit.
Minimum Elevation angle: minimum angle under which the satellite or UAS platform can be seen by a terminal.
Non-Geostationary Satellites: Satellites (LEO and MEO) orbiting around the Earth with a period that varies approximately between 1.5 hour and 10 hours. It is necessary to have a constellation of several Non-Geostationary satellites associated with handover mechanisms to ensure a service continuity.
Non-terrestrial networks: Networks, or segments of networks, using an airborne or space-borne vehicle to embark a transmission equipment relay node or base station.
Regenerative payload: payload that transforms and amplifies an uplink RF signal before transmitting it on the downlink. The transformation of the signal refers to digital processing that may include demodulation, decoding, re-encoding, re-modulation and/or filtering. 
Round Trip Delay: time required for a signal to travel from a terminal to the sat-gateway or from the sat-gateway to the terminal and back. This is especially used for web-based applications.
Satellite: a space-borne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, placed into Low-Earth Orbit (LEO), Medium-Earth Orbit (MEO), or Geostationary Earth Orbit (GEO). 
Satellite beam: A beam generated by an antenna on-board a satellite.
Service link: Radio link between satellite and UE.
Transparent payload: payload that changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink.

[bookmark: _Toc221600036]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc221600037]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
GEO	Geostationary Earth Orbiting
gNB	next Generation Node B
GNSS	Global Navigation Satellite System
GSO	Geo Synchronous Orbit
GW	Gateway
LEO	Low Earth Orbiting
MEO	Medium Earth Orbiting
NGEO	Non-Geostationary Earth Orbiting
NTN	Non-Terrestrial Network
PRACH	Physical Random Access Channel
RACH	Random Access Channel
RAN	Radio Access Network
RAR	Random Access Response
RTD	Round Trip Delay
RTT	Round Trip Time
Rx	Receiver
SNR	Signal-to-Noise Ratio
TA	Timing Advance
UE	User Equipment



[bookmark: clause4][bookmark: _Toc221600038]4	Background and motivation
[bookmark: _Toc221600039]4.1	Review of previous NR-NTN releases
UEs compatible with Rel-17/18/19 and supporting NTN access are expected to be equipped with GNSS (Global Navigation Satellite System) [5]. According to [5], NTN UE shall not perform uplink transmission if the UE does not have a valid GNSS position. Indeed, NTN UE should support uplink time and frequency pre-compensation based on their GNSS-acquired position. Further, A UE shall set gnss-Location-r16 field within UE capability parameters to “supported” if it indicates the support of nonTerrestrialNetwork-r17 [6]. This field indicates whether the UE is equipped with a GNSS or A-GNSS receiver that may be used to provide detailed location information along with SON, MDT, and NTN related measurements in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE state.
GNSS less/GNSS free operation has been already discussed during Release-15 and Release-16 SI on NTN. Section 7.3.4.1.3 of [4, TR 38.811] indicates that if GNSS-based techniques are applicable at the UE, no immediate impacts to the NR specifications are identified. However, potential enhancements to the PRACH waveform/format may be needed otherwise, requiring further study. And [3, 38.821] clause 7.2 highlights the need to address Timing Advance (TA) inadequacies in NTN, given the significant round trip delays, especially in GEO and LEO scenarios. Solutions are required for both GNSS-equipped and non-GNSS-equipped UEs. For UEs without location information, broadcasting a common TA for NTN or extending the existing TA offset range is proposed as a baseline. The network can compensate for the common TA, while UE-specific TA can be adjusted via the Timing Advance Command in the random access response. For UEs with location information, a framework should be considered for the UE to perform initial timing advance during the 4-step random access procedure.
[bookmark: _Toc221600040]4.2	Needs for GNSS resilience NR NTN operation
The GNSS availability is therefore essential for NTN access due to its necessity for physical layer operation. Additionally, GNSS availability may be useful for higher layer procedures such as location-based conditional handovers. In practice, however, GNSS information in the UE may be temporarily unavailable or available but degraded, reducing position accuracy. These situations are increasingly common and make NTN service less robust and more susceptible to service disruption.
Key causes include:
· GNSS jamming that denies service.
· GNSS spoofing and other external effects (poor satellite geometry, local blockages, ionospheric/solar activity, or increased GNSS measurement period to save UE power) that lead to incorrect or low-confidence positioning in the UE and cause out-of-sync conditions.
· Adverse environments where NTN access remains possible but GNSS link margin is insufficient, creating a mismatch between NTN connectivity and GNSS signal availability.
This dependency on an external, third-party system reduces overall resilience of NR-NTN. Earlier releases focused on enabling NTN; Rel-20 should focus on resilience by reducing dependence on GNSS and supporting efficient operation even when GNSS is temporarily unavailable, degraded, or compromised. Enhancements to NR-NTN should be investigated and defined to mitigate GNSS spoofing/jamming and to maintain service continuity.
[bookmark: _Toc221600041]4.3	Study objectives
The primary objective of this study is to investigate GNSS-resilient operation of NR-NTN (New Radio - Non-Terrestrial Networks) systems, addressing the challenges posed by potential GNSS unavailability or degradation. This study will assess the impact of GNSS limitations on both initial access and connected mode procedures within NR-NTN, identifying any potential implications for RAN4 Radio Resource Management (RRM) specifications.
As outlined in the SID [2], the study has been carried assuming that 1) temporarily unavailable, 2) available but with degraded position accuracy, or 3) available but with an increased GNSS measurement period implemented for power saving. The study primarily focused on scenario 1, the temporary unavailability of GNSS information. 
A key focus will be on minimizing the impact on physical layer procedures, specifically avoiding the introduction of new physical layer channels or signals. Compatibility with legacy NTN-capable UEs is paramount; therefore, the study will thoroughly assess and aim to prevent any backward compatibility issues. The findings of this study are intended to be applicable across various NTN deployment scenarios, encompassing both NGSO (Non-Geostationary Orbit) and GSO (Geostationary Orbit) constellations, NTN operating in frequency bands below and above 10 GHz, and both transparent and regenerative satellite architectures.
[bookmark: tsgNames][bookmark: _Toc221600042]5	Assumptions and study parameters
This section outlines the key assumptions and study parameters that underpinned the evaluation process. These assumptions define the operational context and constraints within which the evaluation was conducted. The parameters detailed below cover aspects such as network configuration, UE capabilities, and environmental conditions, providing a comprehensive foundation for the analysis presented in subsequent sections.
The following assumptions regarding GNSS availability and performance were made. The evaluation results presented within section 6 are predicated on the understanding that the GNSS information within GNSS-capable UE may have been subject to limitations, specifically: this study considers scenarios where the reliance on GNSS information is limited or impaired:
· Scenario 1 encompasses situations where the UE is unable to utilize its GNSS receiver for the uplink timing and frequency compensation on the service link. This represents a complete loss of GNSS availability. 
· Scenario 2 focuses on situations where the UE possesses a previously acquired GNSS-based position. However, the UE has not received updated GNSS information for a duration of time, denoted as 'T,' since the last GNSS position fix. This lack of recent updates leads to a degradation of the GNSS accuracy. The specific value of 'T,' the GNSS-based UE location validity duration, and the level of GNSS accuracy degradation are all For Further Study (FFS). 
For the purpose of evaluating GNSS-resilient operation, location uncertainty is a key factor. We consider two distinct cases: 
· Case A assumes that when GNSS information is unavailable or unreliable, the UE has a horizontal location uncertainty that encompasses the entire area served by the current cell or beam. 
· Case B defines the location uncertainty area as a circle with a specified radius, "X" kilometers – the values of X reported by companies are X=1 km, X=5 km, X= 10 km and X = 25km.
In both cases, the UE altitude must also be taken into account, and the reported UE altitude error will be provided alongside the horizontal location uncertainty parameters.
For Case A, the evaluation of NR-NTN performance under GNSS-challenged conditions will be conducted across a range of representative deployment scenarios, considering key satellite and UE parameters. Three distinct satellite orbit configurations will be analyzed: Geostationary Orbit (GSO) at an altitude of 35786 km, Low Earth Orbit (LEO) at 1200 km, and LEO at 600 km. Satellite scenario parameters, at a minimum, will adhere to the specifications outlined in Table 6.1.1.1-1 of TR 38.821, with consideration given to the additional parameters defined in Table 6.1.1.1-2 of the same document. Beam size, a critical factor impacting location uncertainty, will utilize the values specified in Tables 6.1.1.1-1/2, with companies having the option to report beam sizes for edge beams. A minimum elevation angle of 30° for LEO satellites and 12.5° for GSO satellites will be assumed. The evaluation will span Frequency Range 1 (FR1) NTN, focusing on 2 GHz (L/S band) and Ku band (14 GHz), and Frequency Range 2 (FR2) NTN at 30 GHz (Ka band). UE types will include handheld devices (operating in L/S band) and VSAT terminals (operating in Ku/Ka band). UE speeds will be varied to represent diverse mobility scenarios: 3 km/h, 120 km/h, and 1500 km/h (primarily for aircraft scenarios at 10 km altitude). Both (Quasi)-Earth-fixed beams/cells and Earth-moving beams/cells will be considered, with the beam footprint oriented either within the orbital plane (Case 1) or at 90° with respect to the orbital plane (Case 2). 
The following Table summarizes the scenarios and related parameters being considered for evaluation purposes:
5‑1Assumptions and study parameters
	Satellite orbit
	GSO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite scenario parameters
	At least Table 6.1.1.1-1 in TR 38.821, Parameters in Table 6.1.1.1-2 in TR 38.821could be considered.

	Beam size (note 1)
	At least values captured in Table 6.1.1.1-1/2 are considered, 

	Minimum elevation angle
	30° (LEO), 12.5° (GSO)

	Frequency ranges/bands
	FR1 NTN (2GHz/Ku: 14 GHz) and FR2 NTN (30 GHz)

	UE type
	Handheld (L/S band), VSAT (Ku/Ka)

	UE speed 
	L/S band:	3 km/h, 120km/h, 1500 km/h, Ku/Ka: 3 km/h , 120 km/h, 1500 km/h, (note 2)

	Beam/cell type (note 3)
	(Quasi)-Earth-fixed beams/cells and Earth-moving 

	Note 1: Same values can be reused for other elevation angle than nadir. Beam size of the edge beam can be reported by companies.
Note 2: 10 km altitude in case of aircraft scenario. 1500 km/h is for aircraft scenario.
Note 3: Footprint of the beam could be: case 1: within the orbital plane, case 2: at 90° with respect to orbital plane. Companies to report the elevation angle of the beam.



For both the target scenarios based on Set1 and Set2 parameters, the evaluation assumes a fixed service area for each cell or beam within the satellite coverage. This area corresponds to the nadir beam size, as defined in the 3GPP TS 38.821 specification, ensuring a consistent spatial footprint throughout the analysis.
For the evaluation purpose, two primary cases for the beam footprint's orientation relative to the satellite's orbital plane are being considered, as visualized in Figure 1:
· Case 1: Beam footprint within the orbital plane.In this scenario, the beam is oriented along the direction of the satellite's motion (or directly opposing it). This results in a footprint that follows the ground track of the satellite. 
· Case 2: Beam footprint at 90° with respect to the orbital plane.Here, the beam is directed perpendicular to the satellite's direction of motion.
[image: ]
Figure 1Azimut of the beams under study
For the evaluation of GNSS resilient operation, it is assumed that the UE will pre-compensate for Round Trip Time (RTT) and Doppler effects on the service link for uplink transmissions. This pre-compensation relies on different mechanisms depending on the scenario. In Scenario 1, the UE bases its compensation, at a minimum, on assistance information provided by the network. In Scenario 2, the pre-compensation relies, at a minimum, on the last known location of the UE.
[bookmark: _Toc221600043]6	Evaluation of impacts of GNSS temporary unavailability
[bookmark: _Toc221600044]6.1	Methodology
To evaluate GNSS-resilient operation on the uplink time and frequency synchronization in initial access, the adopted methodology assesses the differential one-way delay and Doppler/frequency offset within a defined uncertainty area (UA), reflecting the degraded GNSS positioning accuracy during unavailability events. The evaluation has been conducted with the following metrics analyzed:
First, the differential one-way delay/timing offset (DOWTO) will be calculated as the difference between the maximum and minimum one-way propagation delays (in microseconds) experienced by UEs within the uncertainty area when communicating with the satellite. This metric reflects the potential timing synchronization challenges introduced by GNSS outages. For uplink (UL) performance evaluation, twice the DOWTO value will be considered, accounting for the round-trip delay impact on UL timing accuracy. 
Second, the differential one-way Doppler/frequency offset (DOWFO) will be determined as the difference between the maximum and minimum Doppler/frequency offsets (in parts per million, ppm) experienced by UEs within the uncertainty area. This metric reflects the frequency synchronization challenges. Similar to the delay assessment, the DOWFO will be scaled to determine the differential uplink Doppler/frequency offset. This scaling accounts for the impact of satellite motion on the received UL signal frequency. 
For each scenario, the resulting differential round-trip delay and differential uplink Doppler will be compared with the corresponding differential RTD limits and differential Doppler limits for each PRACH preamble format. This comparison will determine, for both delay and Doppler, the amount by which the PRACH tolerances are exceeded.  
To evaluate the impact of GNSS-resilient operation in RRC Connected mode, the signalling overhead related to timing and frequency adjustment is assessed based on a common set of assumptions.
By quantifying these time and frequency differences, and the signalling overhead associated with closed loop timing and frequency adjustment, the methodology aims to determine the impact of GNSS unavailability on NR-NTN performance and to guide the design of robust synchronization mechanisms.
[bookmark: _Toc221600045]6.2	Calculation of differential delay and Doppler
For the calculation of one-way differential delay and one-way differential Doppler, the following geometry model is considered. For the variables in the equations, refer to Figure 2.
Editor’s note – This section will be updated in the next revision to provide explicit definitions of all variables used in the equations
Considering satellite location at 
One-way delay between a point  and satellite:

One-way Doppler between  and satellite (assuming satellite is moving along  with speed  and UE moving along  with speed 

Where  is the speed of satellite and  is the speed of the UE.
Let  be the location uncertainty area. 
Differential one-way delay = 
Differential one-way doppler = 
For evaluation purpose,  can be a circle on surface of earth (height can be considered optionally), placed such that the furthest point in the uncertainty area can view the satellite at an elevation angle  and is located at an azimuth angle  from the orbital plane (x-y plane). 
Note: Assume satellite and UE moves parallel to the x-y plane.  is the vector inner product,  is the vector magnitude.  
[image: ]
Figure 2 Geometry model for DOWTO and DOWFO calculation
[bookmark: _Toc221600046]6.2.1	Differential delay calculation results
6.2.1.1	Differential one-way delay
The following tables provide differential one-way delay (DOWTO) values obtained from multiple sources. All results assume a UE altitude of 0 km, and UE altitude uncertainty is not taken into account. The results are provided for two main types of location uncertainty areas and two geometrical configurations. In Case a, the location uncertainty area is assumed to be the area served by the cell or beam, with results shown for Case 1 (within the orbital plane) and Case 2 (at 90° with respect to the orbital plane), each evaluated for both Set1 and Set2 parameters. In Case b, the location uncertainty area is assumed to be a circle of radius X km, again with results shown for Case 1 (within the orbital plane) and Case 2 (at 90° with respect to the orbital plane).
Based on the evaluation results from different companies, it is observed that high differential delay is noted at lower elevation angles (e.g., 30° for LEO or 12.5° for GEO), while conversely, low differential Doppler is observed at these same lower elevation angles. At nadir (90° elevation), the trend reverses, with high differential Doppler and lower differential delay. Consequently, differential one-way delay (DOWTO) values are reported for these extreme elevation angles to highlight these variations. Detailed results spanning the entire range of elevation angles (12.5° to 90°) can be found in the annex.
Table 6-1 and Table 6-2 provide the differential one-way delay values for UAs served by the cell or beam within the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑1 Differential one-way delay in Case a| case 1| Set1- parameters
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	810.3
	
	
	357.4

	
	30
	143.3
	257.8
	
	57.6
	115.1
	

	
	90
	1.9
	3.3
	4.8
	0.3
	0.7
	0.9


Table 6‑2 Differential one-way delay in Case a| case 1| Set2- parameters
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	1451.9
	
	
	906.6

	
	30
	255.3
	535.3
	
	143.1
	257.1
	

	
	90
	6.1
	14.9
	15.5
	1.9
	3.3
	6.0


Table 6-3 and Table 6-4 provide the differential one-way delay values for UAs served by the cell or beam at 90° with respect to the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑3 Differential one-way delay in Case a| case 2| Set1- parameters
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	810.2
	
	
	357.4

	
	30
	142.9
	257.7
	
	57.5
	114.9
	

	
	90
	1.9
	3.3
	
	0.3
	0.7
	


Table 6‑4 Differential one-way delay in Case a| case 2| Set2- parameters
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	1451.8
	
	
	906.6

	
	30
	255.3
	535.2
	
	143.0
	257.0
	

	
	90
	6.1
	14.9
	
	1.9
	3.3
	


Table 6-5 and Table 6-6 provide the values of differential one-way delay when UA is a circle of radius X km, within the orbital plane (case 1) and at 90° with respect to orbital plane (case 2), respectively.
Table 6‑5 Differential one-way delay in Case b| case 1
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	6.515  
	32.554  
	65.106  
	162.779  

	
	30
	5.8  
	28.8  
	57.6  
	143.2  
	5.8  
	28.8  
	57.646  
	143.603  
	
	
	
	

	
	90
	0.0  
	0.1  
	0.3  
	1.8  
	
	
	0.1  
	0.9  
	
	
	
	0.2  


Table 6‑6 Differential one-way delay in Case b| case 2
	
	Differential one-way delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	6.5
	32.5
	65.1
	162.8

	
	30
	5.8
	28.8
	57.5
	142.9
	5.8
	28.8
	57.6
	143.3
	
	
	
	

	
	90
	0.003
	0.1
	0.3
	1.9
	
	
	0.2
	1.0
	
	
	
	0.2


6.2.1.1	Differential round-trip delay
As outlined earlier, for uplink performance evaluation, twice the DOWTO value is considered, accounting for the round-trip delay impact on UL timing accuracy. The following Tables provide the round trip delay for different uncertainty areas.
Table 6-7 and Table 6-2 provide the differential round trip delay values for UAs served by the cell or beam within the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑7 Differential round trip delay in Case a| case 1| Set1- parameters
	
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	
	
	1620.6
	
	
	714.8

	Elevation angle (°)
	12.5
	286.6
	515.6
	
	115.2
	230.2
	0

	
	30
	3.8
	6.6
	9.6
	0.6
	1.4
	1.8

	
	90
	
	
	1620.6
	
	
	714.8





Table 6‑8 Differential round trip delay in Case a| case 1| Set2- parameters
	    
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	2903.8
	
	
	1813.2

	
	30
	510.6
	1070.6
	
	286.2
	514.2
	

	
	90
	12.2
	29.8
	31
	3.8
	6.6
	12


Table 6-9 and Table 6-10 provide the differential round trip delay values for UAs served by the cell or beam at 90° with respect to the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑9 Differential round trip delay in Case a| case 2| Set1- parameters
	
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	1620.4
	
	
	714.8

	
	30
	285.8
	515.4
	
	115
	229.8
	

	
	90
	3.8
	6.6
	
	0.6
	1.4
	


Table 6‑10 Differential round trip delay in Case a| case 2| Set2- parameters
	
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	2903.6
	
	
	1813.2

	
	30
	510.6
	1070.4
	
	286
	514
	

	
	90
	12.2
	29.8
	
	3.8
	6.6
	


Table 6-11 and Table 6-12 provide the values of differential round trip delay when UA is a circle of radius X km, within the orbital plane (case 1) and at 90° with respect to orbital plane (case 2), respectively.
Table 6‑11 Differential round trip delay in Case b| case 1
	
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	13.03
	65.108
	130.212
	325.558

	
	30
	11.6
	57.6
	115.2
	286.4
	11.6
	57.6
	115.292
	287.206
	
	
	
	

	
	90
	0.000
	0.2
	0.6
	3.6
	
	
	0.2
	1.8
	
	
	
	0.4


Table 6‑12 Differential round trip delay in Case b| case 2
	
	Differential round trip delay (in µs)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	13
	65
	130.2
	325.6

	
	30
	11.6
	57.6
	115
	285.8
	11.6
	57.6
	115.2
	286.6
	
	
	
	

	
	90
	0.006
	0.2
	0.6
	3.8
	
	
	0.4
	2
	
	
	
	0.4



[bookmark: _Toc221600047]6.2.2	Differential Doppler calculation results
6.2.2.1	Differential DL one-way Doppler
The following tables summarize differential downlink one-way Doppler/frequency offset (DOWFO) values compiled from multiple sources; the results assume a UE altitude of 0 km and a UE speed of 3 km/h, do not consider Earth rotation, and do not account for UE altitude uncertainty. The results are categorized by two primary types of location uncertainty areas and two geometrical configurations. Case a represents the location uncertainty area as the area served by the cell or beam, with results shown for Case 1 (within the orbital plane) and Case 2 (at 90° with respect to the orbital plane), evaluated using both Set1 and Set2 parameters. Case b considers the location uncertainty area as a circle with a radius of X km, also with results for Case 1 and Case 2.
Analysis of the evaluation results from different companies reveals that high differential Doppler/frequency offset is observed at nadir (90° elevation), coupled with lower differential delay. Conversely, at lower elevation angles (e.g., 30° for LEO or 12.5° for GEO), low differential Doppler is noted, while high differential delay is present. To emphasize these trends, DOWFO values are reported for these extreme elevation angles. Additional results covering the full range of elevation angles (12.5° to 90°) are available in the annex.
Table 6-13 and Table 6-14 provide the differential one-way Doppler (in ppm) values for UAs served by the cell or beam within the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑13 Differential one-way Doppler in Case a| case 1| Set1- parameters
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	0.011
	
	
	0.005

	
	30
	0.371
	0.390
	
	0.146
	0.168
	

	
	90
	2.112
	1.843
	0.046
	0.848
	0.767
	0.020


Table 6‑14 Differential one-way Doppler in Case a| case 1| Set2- parameters
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	0.023
	
	
	0.012

	
	30
	0.754
	0.921
	
	0.410
	0.425
	

	
	90
	3.790
	3.861
	0.102
	2.118
	1.843
	0.052


Table 6-15 and Table 6-16 provide the differential one-way Doppler (in ppm) values for UAs served by the cell or beam at 90° with respect to the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑15 Differential one-way Doppler in Case a| case 2| Set1- parameters
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	0.041
	
	
	0.024

	
	30
	1.212
	1.125
	
	0.497
	0.514
	

	
	90
	2.100
	1.805
	0.044
	0.855
	0.821
	0.024


Table 6‑16 Differential one-way Doppler in Case a| case 2| Set2- parameters
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	
	
	0.070
	
	
	0.054

	
	30
	2.191
	2.386
	
	1.224
	1.136
	

	
	90
	3.776
	3.799
	0.079
	2.138
	1.849
	0.062


Table 6-17 and Table 6-18 provide the values of differential round trip Doppler  (in ppm), when UA is a circle of radius X km, within the orbital plane (case 1) and at 90° with respect to orbital plane (case 2), respectively.
Table 6‑17 Differential one-way Doppler in Case b| case 1
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	0.000  
	0.000  
	0.001  
	0.002  

	
	30
	0.015  
	0.075  
	0.150  
	0.387  
	0.009  
	0.043  
	0.086  
	0.219  
	
	
	
	

	
	90
	0.085  
	0.407  
	0.861  
	2.034  
	0.041  
	0.208  
	0.415  
	1.038  
	0.000  
	0.002  
	0.004  
	0.009  


Table 6‑18 Differential one-way Doppler in Case b| case 2
	
	Differential one-way Doppler (ppm)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	0.001  
	0.002  
	0.003  
	0.007  

	
	30
	0.047  
	0.235  
	0.472  
	1.189  
	0.024  
	0.121  
	0.243  
	0.610  
	
	
	
	

	
	90
	0.084  
	0.421  
	0.841  
	2.102  
	0.040  
	0.202  
	0.404  
	1.010  
	
	
	
	


6.2.2.2	Differential uplink Doppler
The differential uplink Doppler/frequency offset shall be calculated by scaling the DL one-way differential Doppler/frequency offset with a factor equal to 2* / . Here,  and  denote the uplink and downlink carrier frequencies, respectively. Thus, 
Differential UL Doppler/frequency offset = 2* / × (DL one-way differential Doppler/frequency offset)
Table 6-19 and Table 6-20 present the differential Doppler in uplink values, in kHz, for UAs served by the cell or beam within the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑19 Differential uplink Doppler in Case a| case 1| Set1- parameters
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	
	
	0.044
	
	
	0.3

	
	30
	1.484
	1.56
	
	8.76
	10.08
	

	
	90
	8.448
	7.372
	0.184
	50.88
	46.02
	1.2


Table 6‑20 Differential uplink Doppler in Case a| case 1| Set2- parameters
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	 
	 
	0.092
	
	
	0.72

	
	30
	3.016
	3.684
	 
	24.6
	25.5
	

	
	90
	15.16
	15.444
	0.408
	127.08
	110.58
	3.12


Table 6-21 and Table 6-22 provide the differential one-way Doppler (in ppm) values for UAs served by the cell or beam at 90° with respect to the orbital plane, for Set1 parameters and Set2 parameters, respectively.
Table 6‑21 Differential uplink Doppler in Case a| case 2| Set1- parameters
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	50
	90
	250
	20
	40
	110

	Elevation angle (°)
	12.5
	 
	 
	0.164
	
	
	1.44

	
	30
	4.848
	4.5
	 
	29.82
	30.84
	

	
	90
	8.4
	7.22
	0.176
	51.3
	49.26
	1.44


Table 6‑22 Differential uplink Doppler in Case a| case 2| Set2- parameters
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO
	LEO600
	LEO1200
	GEO

	Band/Carrier Frequency
	S/2GHz
	S/2GHz
	S/2GHz
	Ka/30GHz
	Ka/30GHz
	Ka/30GHz

	Beam diameter (km)
	90
	190
	450
	50
	90
	280

	Elevation angle (°)
	12.5
	 
	 
	0.28
	
	
	3.24

	
	30
	8.764
	9.544
	 
	73.44
	68.16
	

	
	90
	15.104
	15.196
	0.316
	128.28
	110.94
	3.72


Table 6-23 and Table 6-24 present the values of differential round trip Doppler, in S band, when UA is a circle of radius X km, within the orbital plane (case 1) and at 90° with respect to orbital plane (case 2), respectively.
Table 6‑23 Differential uplink Doppler in Case b| case 1| S band
	
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	
	
	
	
	
	
	
	
	0
	0
	0.004
	0.008

	
	30
	0.06
	0.3
	0.6
	1.548
	0.036
	0.172
	0.344
	0.876
	
	
	
	

	
	90
	0.34
	1.628
	3.444
	8.136
	0.164
	0.832
	1.66
	4.152
	0
	0.008
	0.016
	0.036


Table 6‑24 Differential uplink Doppler in Case b| case 2| S band
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5
	 
	 
	 
	 
	 
	 
	 
	 
	0.004
	0.008
	0.012
	0.028

	
	30
	0.188
	0.94
	1.888
	4.756
	0.096
	0.484
	0.972
	2.44
	 
	 
	 
	 

	
	90
	0.336
	1.684
	3.364
	8.408
	0.16
	0.808
	1.616
	4.04
	 
	 
	 
	 


Table 6-25 and Table 6-26 present the values of differential round trip Doppler, in Ka band, when UA is a circle of radius X km, within the orbital plane (case 1) and at 90° with respect to orbital plane (case 2), respectively.
Table 6‑25 Differential uplink Doppler in Case b| case 1| Ka band
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5a
	
	
	
	
	
	
	
	
	0
	0
	0.06
	0.12

	
	30a
	0.9
	4.5
	9
	23.22
	0.54
	2.58
	5.16
	13.14
	
	
	
	

	
	90
	5.1
	24.42
	51.66
	122.04
	2.46
	12.48
	24.9
	62.28
	0
	0.12
	0.24
	0.54


Table 6‑26 Differential one-way Doppler in Case b| case 2| Ka band
	 
	Differential Doppler in UL (kHz)

	Orbit
	LEO600
	LEO1200
	GEO

	X (km)
	1
	5
	10
	25
	1
	5
	10
	25
	1
	5
	10
	25

	Elevation angle (°)
	12.5c
	
	
	
	
	
	
	
	
	0.06
	0.12
	0.18
	0.42

	
	30c
	2.82
	14.1
	28.32
	71.34
	1.44
	7.26
	14.58
	36.6
	
	
	
	

	
	90
	5.04
	25.26
	50.46
	126.12
	2.4
	12.12
	24.24
	60.6
	
	
	
	



[bookmark: _Toc221600048]6.2.3	Calculation results summary
Editor’s note – This section will be updated in the next revision, add a paragraph introducing the results summary tables.
Table 6‑27 Differential round trip delay and Differential Doppler in UL | Set1- parameters
	Orbit
	Frequency Band
	UA diameter  (km)
	Elevation (°)
	Differential round trip delay (in µs)
	Differential Doppler in UL (kHz)

	LEO600
	S
	50
	30a
	286.6
	1.484

	
	
	
	30c
	285.8
	4.848

	
	
	
	90
	3.8
	8.448

	LEO1200
	S
	90
	30a
	515.6
	1.56

	
	
	
	30c
	515.4
	4.5

	
	
	
	90
	6.6
	7.372

	GEO
	S
	250
	12.5a
	1620.6
	0.0440

	
	
	
	12.5c
	1620.4
	0.164

	
	
	
	90
	9.6
	0.184

	LEO600
	Ka
	20
	30a
	115.2
	8.76

	
	
	
	30c
	115
	29.82

	
	
	
	90
	0.6
	50.88

	LEO1200
	Ka
	40
	30a
	230.2
	10.08

	
	
	
	30c
	229.8
	30.84

	
	
	
	90
	1.4
	46.02

	GEO
	Ka
	110
	12.5a
	714.8
	0.30

	
	
	
	12.5c
	714.8
	1.44

	
	
	
	90
	1.8
	1.2


Table 6‑28 Differential round trip delay and Differential Doppler in UL | Set2- parameters
	Orbit
	Frequency Band
	UA diameter  (km)
	Elevation (°)
	Differential round trip delay (in µs)
	Differential Doppler in UL (kHz)

	LEO600
	S
	90
	30a
	510.6
	3.016

	
	
	
	30c
	510.6
	8.764

	
	
	
	90
	12.2
	15.16

	LEO1200
	S
	190
	30a
	1070.6
	3.684

	
	
	
	30c
	1070.4
	9.544

	
	
	
	90
	29.8
	15.444

	GEO
	S
	450
	12.5a
	2903.8
	0.0920

	
	
	
	12.5c
	2903.6
	0.28

	
	
	
	90
	31
	0.408

	LEO600
	Ka
	50
	30a
	286.2
	24.6

	
	
	
	30c
	286
	73.44

	
	
	
	90
	3.8
	127.08

	LEO1200
	Ka
	90
	30a
	514.2
	25.5

	
	
	
	30c
	514
	68.16

	
	
	
	90
	6.6
	110.58

	GEO
	Ka
	280
	12.5a
	1813.2
	0.72

	
	
	
	12.5c
	1813.2
	3.24

	
	
	
	90
	12
	3.12


Table 6‑29 Differential round trip delay and Differential Doppler in UL | UA of X km radius
	
	
	
	S Band
	K band

	Orbit
	X(km)
	Elevation(°)
	Differential round trip delay (in µs)
	Differential Doppler in UL (kHz)
	Differential round trip delay (in µs)
	Differential Doppler in UL (kHz)

	LEO600
	1km
	30a
	11.6
	0.06
	11.6
	0.9

	
	
	30c
	11.6
	0.188
	11.6
	2.82

	
	
	90
	0
	0.34
	0
	5.1

	
	5km
	30a
	57.6
	0.3
	57.6
	4.5

	
	
	30c
	57.6
	0.94
	57.6
	14.1

	
	
	90
	0.2
	1.628
	0.2
	24.42

	
	10km
	30a
	115.2
	0.6
	115.2
	9

	
	
	30c
	115
	1.888
	115
	28.32

	
	
	90
	0.6
	3.444
	0.6
	51.66

	
	25km
	30a
	286.4
	1.548
	286.4
	23.22

	
	
	30c
	285.8
	4.756
	285.8
	71.34

	
	
	90
	3.6
	8.136
	3.6
	122.04

	LEO1200
	1km
	30a
	11.6
	0.036
	11.6
	0.54

	
	
	30c
	11.6
	0.096
	11.6
	1.44

	
	
	90
	0
	0.164
	0
	2.46

	
	5km
	30a
	57.6
	0.172
	57.6
	2.58

	
	
	30c
	57.6
	0.484
	57.6
	7.26

	
	
	90
	0
	0.832
	0
	12.48

	
	10km
	30a
	115.292
	0.344
	115.292
	5.16

	
	
	30c
	115.2
	0.972
	115.2
	14.58

	
	
	90
	0.2
	1.66
	0.2
	24.9

	
	25km
	30a
	286.4
	1.548
	286.4
	13.14

	
	
	30c
	285.8
	4.756
	285.8
	36.6

	
	
	90
	3.6
	8.136
	3.6
	62.28

	GEO
	1km
	12.5a
	13.03
	0
	13.03
	0

	
	
	12.5c
	13
	0.004
	13
	0.06

	
	
	90
	0
	0
	0
	0

	
	5km
	12.5a
	65.108
	0
	65.108
	0

	
	
	12.5c
	65
	0.008
	65
	0.12

	
	
	90
	0
	0.008
	0
	0.12

	
	10km
	12.5a
	130.212
	0.004
	130.212
	0.06

	
	
	12.5c
	130.2
	0.012
	130.2
	0.18

	
	
	90
	0
	0.016
	0
	0.24

	
	25km
	12.5a
	325.558
	0.008
	325.558
	0.12

	
	
	12.5c
	325.6
	0.028
	325.6
	0.42

	
	
	90
	0.4
	0.036
	0.4
	0.54



[bookmark: _Toc221600049]6.2	Impact on initial access
The performance evaluation of existing PRACH formats is based on an analytical method that compares scenario-specific differential delay and Doppler values against the established PRACH tolerance limits for timing and frequency error. This analytical method is summarized as follows: For each PRACH format and configuration, compute the expected differential delay and Doppler across the relevant uncertainty region and geometry, then assess compliance by determining whether these values remain within the timing and Doppler tolerances. Report the margin to the limits (e.g., in microseconds and kHz) and, where limits are exceeded, estimate the resulting gap. 
This approach provides a clear pass/fail classification and quantitative risk indicators without extensive simulations, and highlights where mitigation may be needed.
[bookmark: _Toc221600050]6.2.1	Differential RTD limits for PRACH preamble Formats
For PRACH performance evaluation of existing PRACH preamble formats using analytical characterization, PRACH RTD tolerance is considered exceeded for unrestricted set if: 
min (, Sequence duration)   Differential RTD 
In this criterion,  is the cyclic prefix duration;  is as specified in Tables 6.3.3.1-5, 6.3.3.1-6, and 6.3.3.1-7 of TS 38.211; L is the Zadoff–Chu sequence length; and Te is to be set according to TS 38.133, Table 7.1.2-1. Differential RTT is defined as twice the one-way delay. Delay spread is neglected. The guard period (GP) may be considered and reported for the case of consecutive random access occasions (RO).
For unrestricted set PRACH tolerance is exceeded if: 
min (, Sequence duration)   Differential RTD
Differential roundtrip delay limits for long PRACH preamble formats considered for the study are given in the following table:
Table 6‑30	Maximum round-trip delay limits for long PRACH preamble detection
	Preamble format
	Set
	L
	Ncp [µs]
	MaxNcs
	Te  [µs]
	Sequence duration [µs]
	Differential roundtrip delay limit [µs]

	0
	unrestricted
	839
	103,13
	419
	0,39
	800
	102,34

	0
	type A
	839
	103,13
	237
	0,39
	800
	102,34

	0
	type B
	839
	103,13
	137
	0,39
	800
	102,34

	1
	unrestricted
	839
	684,38
	419
	0,39
	800
	683,59

	1
	type A
	839
	684,38
	237
	0,39
	800
	225,2

	1
	type B
	839
	684,38
	137
	0,39
	800
	129,85

	2
	unrestricted
	839
	152,6
	419
	0,39
	800
	151,82

	2
	type A
	839
	152,6
	237
	0,39
	800
	151,82

	2
	type B
	839
	152,6
	137
	0,39
	800
	129,85

	3
	unrestricted
	839
	103,13
	419
	0,39
	200
	102,34

	3
	type A
	839
	103,13
	237
	0,39
	200
	55,71

	3
	type B
	839
	103,13
	137
	0,39
	200
	31,88


Differential roundtrip delay limits for short PRACH preamble formats considered for the study are given in the following table:
Table 6‑31	Maximum round-trip delay limits for short PRACH preamble detection
	Preamble format
	SCS
	L
	Ncp [µs]
	MaxNcs
	Te  [µs]
	Sequence duration [µs]
	Differential roundtrip delay limit [µs]

	A1
	15
	139
	9,38
	69
	0,39
	66,67
	8,59

	A1
	30
	139
	4,69
	69
	0,33
	33,33
	4,04

	A1
	60
	139
	2,34
	69
	0,11
	16,67
	2,12

	A1
	120
	139
	1,17
	69
	0,11
	8,33
	0,94

	A2
	15
	139
	18,75
	69
	0,39
	66,67
	17,97

	A2
	30
	139
	9,38
	69
	0,33
	33,33
	8,72

	A2
	60
	139
	4,69
	69
	0,11
	16,67
	4,46

	A2
	120
	139
	2,34
	69
	0,11
	8,33
	2,12

	A3
	15
	139
	28,13
	69
	0,39
	66,67
	27,34

	A3
	30
	139
	14,06
	69
	0,33
	33,33
	13,41

	A3
	60
	139
	7,03
	69
	0,11
	16,67
	6,8

	A3
	120
	139
	3,52
	69
	0,11
	8,33
	3,29

	B1
	15
	139
	7,03
	69
	0,39
	66,67
	6,25

	B1
	30
	139
	3,52
	69
	0,33
	33,33
	2,86

	B1
	60
	139
	1,76
	69
	0,11
	16,67
	1,53

	B1
	120
	139
	0,88
	69
	0,11
	8,33
	0,65

	B2
	15
	139
	11,72
	69
	0,39
	66,67
	10,94

	B2
	30
	139
	5,86
	69
	0,33
	33,33
	5,21

	B2
	60
	139
	2,93
	69
	0,11
	16,67
	2,7

	B2
	120
	139
	1,46
	69
	0,11
	8,33
	1,24

	B3
	15
	139
	16,41
	69
	0,39
	66,67
	15,63

	B3
	30
	139
	8,2
	69
	0,33
	33,33
	7,55

	B3
	60
	139
	4,1
	69
	0,11
	16,67
	3,87

	B3
	120
	139
	2,05
	69
	0,11
	8,33
	1,82

	B4
	15
	139
	30,47
	69
	0,39
	66,67
	29,69

	B4
	30
	139
	15,23
	69
	0,33
	33,33
	14,58

	B4
	60
	139
	7,62
	69
	0,11
	16,67
	7,39

	B4
	120
	139
	3,81
	69
	0,11
	8,33
	3,58

	C0
	15
	139
	40,36
	69
	0,39
	66,67
	39,58

	C0
	30
	139
	20,18
	69
	0,33
	33,33
	19,52

	C0
	60
	139
	10,09
	69
	0,11
	16,67
	9,87

	C0
	120
	139
	5,05
	69
	0,11
	8,33
	4,82

	C2
	15
	139
	66,67
	69
	0,39
	66,67
	65,89

	C2
	30
	139
	33,33
	69
	0,33
	33,33
	32,67

	C2
	60
	139
	16,67
	69
	0,11
	16,67
	16,45

	C2
	120
	139
	8,33
	69
	0,11
	8,33
	8,11



[bookmark: _Toc221600051]6.2.2	Differential Doppler shift limits for PRACH Preamble Formats
For PRACH performance evaluation of existing PRACH preamble formats using analytical characterization, Doppler shift tolerance is deemed exceeded when the scaled UL differential Doppler/frequency offset surpasses the tolerance associated with the selected preamble set, that is: 
scaling factor*(DL Differential Doppler) +2* fe×fc ≥  
The term γ is taken as 2 for restricted set A, 4 for restricted set B, and 0 for the non-restricted set; in practice, detection performance degrades at frequency offsets exceeding approximately 1 SCS and 2 SCS for restricted sets A and B, respectively. A frequency error fe of 0.1 ppm is assumed, and fc denotes the uplink carrier frequency. The product of the scaling factor and the differential Doppler equals the UL differential Doppler/frequency offset.

[image: ]
Figure 3 Frequency offset limits for different PRACH configuration
Differential Doppler limits for long PRACH preamble formats considered for the study are given in the following table:
Table 6‑32	Maximum Doppler limits for long PRACH preamble detection
	Preamble format
	Set
	ΔfRA [Hz]
	γ
	fe [ppm]
	fc,UL [GHz]
	Differential round trip Doppler limit in UL [kHz]

	0,1,2
	unrestricted
	1250
	0
	0,1
	2
	0,85

	0,1,2
	type A
	1250
	1
	0,1
	2
	2,1

	0,1,2
	type A
	1250
	2
	0,1
	2
	3,35

	0,1,2
	type B
	1250
	3
	0,1
	2
	4,6

	0,1,2
	type B
	1250
	4
	0,1
	2
	5,85

	3
	unrestricted
	5000
	0
	0,1
	2
	4,6

	3
	type A
	5000
	1
	0,1
	2
	9,6

	3
	type A
	5000
	2
	0,1
	2
	14,6

	3
	type B
	5000
	3
	0,1
	2
	19,6

	3
	type B
	5000
	4
	0,1
	2
	24,6


Differential Doppler limits for short PRACH preamble formats considered for the study are given in the following table:
Table 6‑33	Maximum Doppler limits for short PRACH preamble detection
	Preamble format
	SCS
	ΔfRA [Hz]
	γ
	fe [ppm]
	fc,UL [GHz]
	Differential round trip Doppler limit in UL [kHz]

	all short formats
	15
	15000
	0
	0,1
	2
	14,6

	
	30
	30000
	0
	0,1
	2
	29,6

	
	60
	60000
	0
	0,1
	30
	54

	
	120
	120000
	0
	0,1
	30
	114


[bookmark: _Toc221600052]6.2.3	NR PRACH performance evaluation
The results of differential round trip delay and uplink differential Doppler versus the maximum allowed PRACH tolerances is provided in Table 6-34 through Table 6-39. . Interpretation applied: negative values indicate margin (tolerance met); positive values indicate gap (tolerance exceeded). A PRACH option is considered workable only if both TO and FO are margins (≤ 0) for all elevation angles in the scenario. A detailed results can be found in the “PRACH performance evaluation” Excel spreadsheet embedded in [7]. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK73]Table 6-34 Long PRACH formats timing evaluation for S band – Case a
	PRACH
	LEO-600
	LEO-1200
	GEO

	Preamble
	[bookmark: OLE_LINK188]Uncertainty Area diameter
	Uncertainty Area diameter
	Uncertainty Area diameter

	Format
	20 km (Ka)
	[bookmark: OLE_LINK198]50 km (S/Ka)
	90 km (S)
	40 km (Ka)
	90 km (S/Ka)
	190 km (S)
	110 km (Ka)
	250 km (S)
	280 km (Ka)
	450 km (S)

	
	Elev angle
	Elev angle
	[bookmark: OLE_LINK194]Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk215139950]0 unrestricted
	[bookmark: OLE_LINK225]N/A
	N/A
	[bookmark: OLE_LINK28]184.26
	-98.54
	408.26
	-90.14
	N/A
	N/A
	413.26
	-95.74
	968.26
	-72.54
	[bookmark: OLE_LINK35]N/A
	N/A
	1518.26
	-92.74
	N/A
	N/A
	2801.46
	-71.34

	0 Type A
	N/A
	N/A
	184.26
	-98.54
	408.26
	-90.14
	N/A
	N/A
	413.26
	-95.74
	968.26
	-72.54
	N/A
	N/A
	1518.26
	-92.74
	N/A
	N/A
	2801.46
	-71.34

	0 Type B
	N/A
	N/A
	184.26
	-98.54
	408.26
	-90.14
	N/A
	N/A
	413.26
	-95.74
	968.26
	-72.54
	N/A
	N/A
	1518.26
	-92.74
	N/A
	N/A
	2801.46
	-71.34

	1 unrestricted
	N/A
	N/A
	-396.99
	-679.79
	-172.99
	-671.39
	N/A
	N/A
	-167.99
	-676.99
	387.01
	-653.79
	N/A
	N/A
	937.01
	-673.99
	N/A
	N/A
	2220.21
	-652.59

	1 Type A
	N/A
	N/A
	61.40
	-221.40
	285.40
	-213.00
	N/A
	N/A
	290.40
	-218.60
	845.40
	-195.40
	N/A
	N/A
	1395.40
	-215.60
	N/A
	N/A
	2678.60
	-194.20

	1 Type B
	N/A
	N/A
	156.75
	-126.05
	380.75
	-117.65
	N/A
	N/A
	385.75
	-123.25
	940.75
	-100.05
	N/A
	N/A
	1490.75
	-120.25
	N/A
	N/A
	2773.95
	-98.85

	2 unrestricted
	N/A
	N/A
	134.78
	-148.02
	358.78
	-139.62
	N/A
	N/A
	363.78
	-145.22
	918.78
	-122.02
	N/A
	N/A
	1468.78
	-142.22
	N/A
	N/A
	2751.98
	-120.82

	2 Type A
	N/A
	N/A
	134.78
	-148.02
	358.78
	-139.62
	N/A
	N/A
	363.78
	-145.22
	918.78
	-122.02
	N/A
	N/A
	1468.78
	-142.22
	N/A
	N/A
	2751.98
	-120.82

	2 Type B
	N/A
	N/A
	156.75
	-126.05
	380.75
	-117.65
	N/A
	N/A
	385.75
	-123.25
	940.75
	-100.05
	N/A
	N/A
	1490.75
	-120.25
	N/A
	N/A
	2773.95
	-98.85

	3 unrestricted
	N/A
	N/A
	184.26
	-98.54
	408.26
	-90.14
	N/A
	N/A
	413.26
	-95.74
	968.26
	-72.54
	N/A
	N/A
	1518.26
	-92.74
	N/A
	N/A
	2801.46
	-71.34

	3 Type A
	N/A
	N/A
	230.89
	-51.91
	454.89
	-43.51
	N/A
	N/A
	459.89
	-49.11
	1014.89
	-25.91
	N/A
	N/A
	1564.89
	-46.11
	N/A
	N/A
	2848.09
	-24.71

	3 Type B
	N/A
	N/A
	254.72
	-28.08
	478.72
	-19.68
	N/A
	N/A
	483.72
	-25.28
	1038.72
	-2.08
	N/A
	N/A
	1588.72
	-22.28
	N/A
	N/A
	2871.92
	-0.88


Table 6-35 Short PRACH format timing evaluation for S band and Ka band– Case a
	PRACH
	LEO-600
	LEO-1200
	GEO

	Preamble
	Uncertainty Area diameter
	Uncertainty Area diameter
	Uncertainty Area diameter

	Format
	20 km (Ka)
	50 km (S/Ka)
	90 km (S)
	40 km (Ka)
	90 km (S/Ka)
	190 km (S)
	110 km (Ka)
	250 km (S)
	280 km (Ka)
	450 km (S)

	
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	A1 15 kHz
	N/A
	N/A
	278.01
	-4.79
	502.01
	3.61
	N/A
	N/A
	507.01
	-1.99
	1062.01
	21.21
	N/A
	N/A
	1612.01
	1.01
	N/A
	N/A
	2895.21
	22.41

	A1 30 kHz
	N/A
	N/A
	282.56
	-0.24
	506.56
	8.16
	N/A
	N/A
	511.56
	2.56
	1066.56
	25.76
	N/A
	N/A
	1616.56
	5.56
	N/A
	N/A
	2899.76
	26.96

	A1 60 kHz
	113.08
	-1.52
	284.48
	1.68
	N/A
	N/A
	228.08
	-0.72
	512.08
	4.48
	N/A
	N/A
	712.68
	-0.32
	N/A
	N/A
	1811.08
	9.88
	N/A
	N/A

	A1 120 kHz
	114.26
	-0.34
	285.66
	2.86
	N/A
	N/A
	229.26
	0.46
	513.26
	5.66
	N/A
	N/A
	713.86
	0.86
	N/A
	N/A
	1812.26
	11.06
	N/A
	N/A

	A2 15 kHz
	N/A
	N/A
	268.63
	-14.17
	492.63
	-5.77
	N/A
	N/A
	497.63
	-11.37
	1052.63
	11.83
	N/A
	N/A
	1602.63
	-8.37
	N/A
	N/A
	2885.83
	13.03

	A2 30 kHz
	N/A
	N/A
	277.88
	-4.92
	501.88
	3.48
	N/A
	N/A
	506.88
	-2.12
	1061.88
	21.08
	N/A
	N/A
	1611.88
	0.88
	N/A
	N/A
	2895.08
	22.28

	A2 60 kHz
	110.74
	-3.86
	282.14
	-0.66
	N/A
	N/A
	225.74
	-3.06
	509.74
	2.14
	N/A
	N/A
	710.34
	-2.66
	N/A
	N/A
	1808.74
	7.54
	N/A
	N/A

	A2 120 kHz
	113.08
	-1.52
	284.48
	1.68
	N/A
	N/A
	228.08
	-0.72
	512.08
	4.48
	N/A
	N/A
	712.68
	-0.32
	N/A
	N/A
	1811.08
	9.88
	N/A
	N/A

	A3 15 kHz
	N/A
	N/A
	259.26
	-23.54
	483.26
	-15.14
	N/A
	N/A
	488.26
	-20.74
	1043.26
	2.46
	N/A
	N/A
	1593.26
	-17.74
	N/A
	N/A
	2876.46
	3.66

	A3 30 kHz
	N/A
	N/A
	273.19
	-9.61
	497.19
	-1.21
	N/A
	N/A
	502.19
	-6.81
	1057.19
	16.39
	N/A
	N/A
	1607.19
	-3.81
	N/A
	N/A
	2890.39
	17.59

	A3 60 kHz
	108.40
	-6.20
	279.80
	-3.00
	N/A
	N/A
	223.40
	-5.40
	507.40
	-0.20
	N/A
	N/A
	708.00
	-5.00
	N/A
	N/A
	1806.40
	5.20
	N/A
	N/A

	A3 120 kHz
	111.91
	-2.69
	283.31
	0.51
	N/A
	N/A
	226.91
	-1.89
	510.91
	3.31
	N/A
	N/A
	711.51
	-1.49
	N/A
	N/A
	1809.91
	8.71
	N/A
	N/A

	B1 15 kHz
	N/A
	N/A
	280.35
	-2.45
	504.35
	5.95
	N/A
	N/A
	509.35
	0.35
	1064.35
	23.55
	N/A
	N/A
	1614.35
	3.35
	N/A
	N/A
	2897.55
	24.75

	B1 30 kHz
	N/A
	N/A
	283.74
	0.94
	507.74
	9.34
	N/A
	N/A
	512.74
	3.74
	1067.74
	26.94
	N/A
	N/A
	1617.74
	6.74
	N/A
	N/A
	2900.94
	28.14

	B1 60 kHz
	113.67
	-0.93
	285.07
	2.27
	N/A
	N/A
	228.67
	-0.13
	512.67
	5.07
	N/A
	N/A
	713.27
	0.27
	N/A
	N/A
	1811.67
	10.47
	N/A
	N/A

	B1 120 kHz
	114.55
	-0.05
	285.95
	3.15
	N/A
	N/A
	229.55
	0.75
	513.55
	5.95
	N/A
	N/A
	714.15
	1.15
	N/A
	N/A
	1812.55
	11.35
	N/A
	N/A

	B2 15 kHz
	N/A
	N/A
	275.66
	-7.14
	499.66
	1.26
	N/A
	N/A
	504.66
	-4.34
	1059.66
	18.86
	N/A
	N/A
	1609.66
	-1.34
	N/A
	N/A
	2892.86
	20.06

	B2 30 kHz
	N/A
	N/A
	281.39
	-1.41
	505.39
	6.99
	N/A
	N/A
	510.39
	1.39
	1065.39
	24.59
	N/A
	N/A
	1615.39
	4.39
	N/A
	N/A
	2898.59
	25.79

	B2 60 kHz
	112.50
	-2.10
	283.90
	1.10
	N/A
	N/A
	227.50
	-1.30
	511.50
	3.90
	N/A
	N/A
	712.10
	-0.90
	N/A
	N/A
	1810.50
	9.30
	N/A
	N/A

	B2 120 kHz
	113.96
	-0.64
	285.36
	2.56
	N/A
	N/A
	228.96
	0.16
	512.96
	5.36
	N/A
	N/A
	713.56
	0.56
	N/A
	N/A
	1811.96
	10.76
	N/A
	N/A

	B3 15 kHz
	N/A
	N/A
	270.97
	-11.83
	494.97
	-3.43
	N/A
	N/A
	499.97
	-9.03
	1054.97
	14.17
	N/A
	N/A
	1604.97
	-6.03
	N/A
	N/A
	2888.17
	15.37

	B3 30 kHz
	N/A
	N/A
	279.05
	-3.75
	503.05
	4.65
	N/A
	N/A
	508.05
	-0.95
	1063.05
	22.25
	N/A
	N/A
	1613.05
	2.05
	N/A
	N/A
	2896.25
	23.45

	B3 60 kHz
	111.33
	-3.27
	282.73
	-0.07
	N/A
	N/A
	226.33
	-2.47
	510.33
	2.73
	N/A
	N/A
	710.93
	-2.07
	N/A
	N/A
	1809.33
	8.13
	N/A
	N/A

	B3 120 kHz
	113.38
	-1.22
	284.78
	1.98
	N/A
	N/A
	228.38
	-0.42
	512.38
	4.78
	N/A
	N/A
	712.98
	-0.02
	N/A
	N/A
	1811.38
	10.18
	N/A
	N/A

	B4 15 kHz
	N/A
	N/A
	256.91
	-25.89
	480.91
	-17.49
	N/A
	N/A
	485.91
	-23.09
	1040.91
	0.11
	N/A
	N/A
	1590.91
	-20.09
	N/A
	N/A
	2874.11
	1.31

	B4 30 kHz
	N/A
	N/A
	272.02
	-10.78
	496.02
	-2.38
	N/A
	N/A
	501.02
	-7.98
	1056.02
	15.22
	N/A
	N/A
	1606.02
	-4.98
	N/A
	N/A
	2889.22
	16.42

	B4 60 kHz
	107.81
	-6.79
	279.21
	-3.59
	N/A
	N/A
	222.81
	-5.99
	506.81
	-0.79
	N/A
	N/A
	707.41
	-5.59
	N/A
	N/A
	1805.81
	4.61
	N/A
	N/A

	B4 120 kHz
	111.62
	-2.98
	283.02
	0.22
	N/A
	N/A
	226.62
	-2.18
	510.62
	3.02
	N/A
	N/A
	711.22
	-1.78
	N/A
	N/A
	1809.62
	8.42
	N/A
	N/A

	C0 15 kHz
	N/A
	N/A
	247.02
	-35.78
	471.02
	-27.38
	N/A
	N/A
	476.02
	-32.98
	1031.02
	-9.78
	N/A
	N/A
	1581.02
	-29.98
	N/A
	N/A
	2864.22
	-8.58

	C0 30 kHz
	N/A
	N/A
	267.08
	-15.72
	491.08
	-7.32
	N/A
	N/A
	496.08
	-12.92
	1051.08
	10.28
	N/A
	N/A
	1601.08
	-9.92
	N/A
	N/A
	2884.28
	11.48

	C0 60 kHz
	105.33
	-9.27
	276.73
	-6.07
	N/A
	N/A
	220.33
	-8.47
	504.33
	-3.27
	N/A
	N/A
	704.93
	-8.07
	N/A
	N/A
	1803.33
	2.13
	N/A
	N/A

	C0 120 kHz
	110.38
	-4.22
	281.78
	-1.02
	N/A
	N/A
	225.38
	-3.42
	509.38
	1.78
	N/A
	N/A
	709.98
	-3.02
	N/A
	N/A
	1808.38
	7.18
	N/A
	N/A

	C2 15 kHz
	N/A
	N/A
	220.71
	-62.09
	444.71
	-53.69
	N/A
	N/A
	449.71
	-59.29
	1004.71
	-36.09
	N/A
	N/A
	1554.71
	-56.29
	N/A
	N/A
	2837.91
	-34.89

	C2 30 kHz
	N/A
	N/A
	253.93
	-28.87
	477.93
	-20.47
	N/A
	N/A
	482.93
	-26.07
	1037.93
	-2.87
	N/A
	N/A
	1587.93
	-23.07
	N/A
	N/A
	2871.13
	-1.67

	C2 60 kHz
	98.75
	-15.85
	270.15
	-12.65
	N/A
	N/A
	213.75
	-15.05
	497.75
	-9.85
	N/A
	N/A
	698.35
	-14.65
	N/A
	N/A
	1796.75
	-4.45
	N/A
	N/A

	C2 120 kHz
	107.09
	-7.51
	278.49
	-4.31
	N/A
	N/A
	222.09
	-6.71
	506.09
	-1.51
	N/A
	N/A
	706.69
	-6.31
	N/A
	N/A
	1805.09
	3.89
	N/A
	N/A


Table 6-36  Long PRACH format timing evaluation for S band – Case b
	PRACH
	LEO-600
	LEO-1200
	GEO

	Preamble
	X = radius of uncertainty area
	X = radius of uncertainty area
	X = radius of uncertainty area

	Format
	1 km
	5 km
	10 km
	25 km
	1 km
	5 km
	10 km
	25 km
	1 km
	5 km
	10 km
	25 km

	
	Elev angle
	Elev angle
	Elev angle
	[bookmark: OLE_LINK34]Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle

	[bookmark: _Hlk215250477]
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk215317819]0 unrestricted
	-90.74
	-102.34
	-44.74
	-102.14
	12.86
	-101.74
	184.06
	-98.74
	-90.74
	-102.34
	-44.74
	-102.34
	12.96
	-102.14
	184.86
	-100.54
	-89.30
	-102.34
	-37.24
	-102.34
	27.88
	-102.34
	223.22
	-101.94

	0 Type A
	-90.74
	-102.34
	-44.74
	-102.14
	12.86
	-101.74
	184.06
	-98.74
	-90.74
	-102.34
	-44.74
	-102.34
	12.96
	-102.14
	184.86
	-100.54
	-89.30
	-102.34
	-37.24
	-102.34
	27.88
	-102.34
	223.22
	-101.94

	0 Type B
	-90.74
	-102.34
	-44.74
	-102.14
	12.86
	-101.74
	184.06
	-98.74
	-90.74
	-102.34
	-44.74
	-102.34
	12.96
	-102.14
	184.86
	-100.54
	-89.30
	-102.34
	-37.24
	-102.34
	27.88
	-102.34
	223.22
	-101.94

	1 unrestricted
	-671.99
	-683.59
	-625.99
	-683.39
	-568.39
	-682.99
	-397.19
	-679.99
	-671.99
	-683.59
	-625.99
	-683.59
	-568.29
	-683.39
	-396.39
	-681.79
	-670.55
	-683.59
	-618.49
	-683.59
	-553.39
	-683.59
	-358.03
	-683.19

	1 Type A
	-213.60
	-225.20
	-167.60
	-225.00
	-110.00
	-224.60
	61.20
	-221.60
	-213.60
	-225.20
	-167.60
	-225.20
	-109.90
	-225.00
	62.00
	-223.40
	-212.16
	-225.20
	-160.10
	-225.20
	-94.98
	-225.20
	100.36
	-224.80

	1 Type B
	-118.25
	-129.85
	-72.25
	-129.65
	-14.65
	-129.25
	156.55
	-126.25
	-118.25
	-129.85
	-72.25
	-129.85
	-14.55
	-129.65
	157.35
	-128.05
	-116.81
	-129.85
	-64.75
	-129.85
	0.37
	-129.85
	195.71
	-129.45

	2 unrestricted
	-140.22
	-151.82
	-94.22
	-151.62
	-36.62
	-151.22
	134.58
	-148.22
	-140.22
	-151.82
	-94.22
	-151.82
	-36.52
	-151.62
	135.38
	-150.02
	-138.78
	-151.82
	-86.72
	-151.82
	-21.60
	-151.82
	173.74
	-151.42

	2 Type A
	-140.22
	-151.82
	-94.22
	-151.62
	-36.62
	-151.22
	134.58
	-148.22
	-140.22
	-151.82
	-94.22
	-151.82
	-36.52
	-151.62
	135.38
	-150.02
	-138.78
	-151.82
	-86.72
	-151.82
	-21.60
	-151.82
	173.74
	-151.42

	2 Type B
	-118.25
	-129.85
	-72.25
	-129.65
	-14.65
	-129.25
	156.55
	-126.25
	-118.25
	-129.85
	-72.25
	-129.85
	-14.55
	-129.65
	157.35
	-128.05
	-116.81
	-129.85
	-64.75
	-129.85
	0.37
	-129.85
	195.71
	-129.45

	3 unrestricted
	-90.74
	-102.34
	-44.74
	-102.14
	12.86
	-101.74
	184.06
	-98.74
	-90.74
	-102.34
	-44.74
	-102.34
	12.96
	-102.14
	184.86
	-100.54
	-89.30
	-102.34
	-37.24
	-102.34
	27.88
	-102.34
	223.22
	-101.94

	3 Type A
	-44.11
	-55.71
	1.89
	-55.51
	59.49
	-55.11
	230.69
	-52.11
	-44.11
	-55.71
	1.89
	-55.71
	59.59
	-55.51
	231.49
	-53.91
	-42.67
	-55.71
	9.39
	-55.71
	74.51
	-55.71
	269.85
	-55.31

	3 Type B
	-20.28
	-31.88
	25.72
	-31.68
	83.32
	-31.28
	254.52
	-28.28
	-20.28
	-31.88
	25.72
	-31.88
	83.42
	-31.68
	255.32
	-30.08
	-18.84
	-31.88
	33.22
	-31.88
	98.34
	-31.88
	293.68
	-31.48


Table 6-37 Short PRACH formats timing evaluation for S band and Ka band – Case b
	PRACH
	LEO-600
	LEO-1200
	GEO

	Preamble
	X = radius of uncertainty area
	X = radius of uncertainty area
	X = radius of uncertainty area

	Format
	1 km
	5 km
	10 km
	25 km
	1 km
	5 km
	10 km
	25 km
	1 km
	5 km
	10 km
	25 km

	
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle
	Elev angle

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	A1 15 kHz
	3.01
	-8.59
	49.01
	-8.39
	106.61
	-7.99
	277.81
	-4.99
	3.01
	-8.59
	49.01
	-8.59
	106.71
	-8.39
	278.61
	-6.79
	4.45
	-8.59
	56.51
	-8.59
	121.63
	-8.59
	316.97
	-8.19

	A1 30 kHz
	7.56
	-4.04
	53.56
	-3.84
	111.16
	-3.44
	282.36
	-0.44
	7.56
	-4.04
	53.56
	-4.04
	111.26
	-3.84
	283.16
	-2.24
	9.00
	-4.04
	61.06
	-4.04
	126.18
	-4.04
	321.52
	-3.64

	A1 60 kHz
	9.48
	-2.12
	55.48
	-1.92
	113.08
	-1.52
	284.28
	1.48
	9.48
	-2.12
	55.48
	-2.12
	113.18
	-1.92
	285.08
	-0.32
	10.92
	-2.12
	62.98
	-2.12
	128.10
	-2.12
	323.44
	-1.72

	A1 120 kHz
	10.66
	-0.94
	56.66
	-0.74
	114.26
	-0.34
	285.46
	2.66
	10.66
	-0.94
	56.66
	-0.94
	114.36
	-0.74
	286.26
	0.86
	12.10
	-0.94
	64.16
	-0.94
	129.28
	-0.94
	324.62
	-0.54

	A2 15 kHz
	-6.37
	-17.97
	39.63
	-17.77
	97.23
	-17.37
	268.43
	-14.37
	-6.37
	-17.97
	39.63
	-17.97
	97.33
	-17.77
	269.23
	-16.17
	-4.93
	-17.97
	47.13
	-17.97
	112.25
	-17.97
	307.59
	-17.57

	A2 30 kHz
	2.88
	-8.72
	48.88
	-8.52
	106.48
	-8.12
	277.68
	-5.12
	2.88
	-8.72
	48.88
	-8.72
	106.58
	-8.52
	278.48
	-6.92
	4.32
	-8.72
	56.38
	-8.72
	121.50
	-8.72
	316.84
	-8.32

	A2 60 kHz
	7.14
	-4.46
	53.14
	-4.26
	110.74
	-3.86
	281.94
	-0.86
	7.14
	-4.46
	53.14
	-4.46
	110.84
	-4.26
	282.74
	-2.66
	8.58
	-4.46
	60.64
	-4.46
	125.76
	-4.46
	321.10
	-4.06

	A2 120 kHz
	9.48
	-2.12
	55.48
	-1.92
	113.08
	-1.52
	284.28
	1.48
	9.48
	-2.12
	55.48
	-2.12
	113.18
	-1.92
	285.08
	-0.32
	10.92
	-2.12
	62.98
	-2.12
	128.10
	-2.12
	323.44
	-1.72

	A3 15 kHz
	-15.74
	-27.34
	30.26
	-27.14
	87.86
	-26.74
	259.06
	-23.74
	-15.74
	-27.34
	30.26
	-27.14
	87.96
	-27.14
	259.86
	-25.54
	-14.30
	-27.34
	37.76
	-27.34
	102.88
	-27.34
	298.22
	-26.94

	A3 30 kHz
	-1.81
	-13.41
	44.19
	-13.21
	101.79
	-12.81
	272.99
	-9.81
	-1.81
	-13.41
	44.19
	-13.41
	101.89
	-13.21
	273.79
	-11.61
	-0.37
	-13.41
	51.69
	-13.41
	116.81
	-13.41
	312.15
	-13.01

	A3 60 kHz
	4.80
	-6.80
	50.80
	-6.60
	108.40
	-6.20
	279.60
	-3.20
	4.80
	-6.80
	50.80
	-6.80
	108.50
	-6.60
	280.40
	-5.00
	6.24
	-6.80
	58.30
	-6.80
	123.42
	-6.80
	318.76
	-6.40

	A3 120 kHz
	8.31
	-3.29
	54.31
	-3.09
	111.91
	-2.69
	283.11
	0.31
	8.31
	-3.29
	54.31
	-3.29
	112.01
	-3.09
	283.91
	-1.49
	9.75
	-3.29
	61.81
	-3.29
	126.93
	-3.29
	322.27
	-2.89

	B1 15 kHz
	5.35
	-6.25
	51.35
	-6.05
	108.95
	-5.65
	280.15
	-2.65
	5.35
	-6.25
	51.35
	-6.25
	109.05
	-6.05
	280.95
	-4.45
	6.79
	-6.25
	58.85
	-6.25
	123.97
	-6.25
	319.31
	-5.85

	B1 30 kHz
	8.74
	-2.86
	54.74
	-2.66
	112.34
	-2.26
	283.54
	0.74
	8.74
	-2.86
	54.74
	-2.86
	112.44
	-2.66
	284.34
	-1.06
	10.18
	-2.86
	62.24
	-2.86
	127.36
	-2.86
	322.70
	-2.46

	B1 60 kHz
	10.07
	-1.53
	56.07
	-1.33
	113.67
	-0.93
	284.87
	2.07
	10.07
	-1.53
	56.07
	-1.53
	113.77
	-1.33
	285.67
	0.27
	11.51
	-1.53
	63.57
	-1.53
	128.69
	-1.53
	324.03
	-1.13

	B1 120 kHz
	10.95
	-0.65
	56.95
	-0.45
	114.55
	-0.05
	285.75
	2.95
	10.95
	-0.65
	56.95
	-0.65
	114.65
	-0.45
	286.55
	1.15
	12.39
	-0.65
	64.45
	-0.65
	129.57
	-0.65
	324.91
	-0.25

	B2 15 kHz
	0.66
	-10.94
	46.66
	-10.74
	104.26
	-10.34
	275.46
	-7.34
	0.66
	-10.94
	46.66
	-10.94
	104.36
	-10.74
	276.26
	-9.14
	2.10
	-10.94
	54.16
	-10.94
	119.28
	-10.94
	314.62
	-10.54

	B2 30 kHz
	6.39
	-5.21
	52.39
	-5.01
	109.99
	-4.61
	281.19
	-1.61
	6.39
	-5.21
	52.39
	-5.21
	110.09
	-5.01
	281.99
	-3.41
	7.83
	-5.21
	59.89
	-5.21
	125.01
	-5.21
	320.35
	-4.81

	B2 60 kHz
	8.90
	-2.70
	54.90
	-2.50
	112.50
	-2.10
	283.70
	0.90
	8.90
	-2.70
	54.90
	-2.70
	112.60
	-2.50
	284.50
	-0.90
	10.34
	-2.70
	62.40
	-2.70
	127.52
	-2.70
	322.86
	-2.30

	B2 120 kHz
	10.36
	-1.24
	56.36
	-1.04
	113.96
	-0.64
	285.16
	2.36
	10.36
	-1.24
	56.36
	-1.24
	114.06
	-1.04
	285.96
	0.56
	11.80
	-1.24
	63.86
	-1.24
	128.98
	-1.24
	324.32
	-0.84

	B3 15 kHz
	-4.03
	-15.63
	41.97
	-15.43
	99.57
	-15.03
	270.77
	-12.03
	-4.03
	-15.63
	41.97
	-15.63
	99.67
	-15.43
	271.57
	-13.83
	-2.59
	-15.63
	49.47
	-15.63
	114.59
	-15.63
	309.93
	-15.23

	B3 30 kHz
	4.05
	-7.55
	50.05
	-7.35
	107.65
	-6.95
	278.85
	-3.95
	4.05
	-7.55
	50.05
	-7.55
	107.75
	-7.35
	279.65
	-5.75
	5.49
	-7.55
	57.55
	-7.55
	122.67
	-7.55
	318.01
	-7.15

	B3 60 kHz
	7.73
	-3.87
	53.73
	-3.67
	111.33
	-3.27
	282.53
	-0.27
	7.73
	-3.87
	53.73
	-3.87
	111.43
	-3.67
	283.33
	-2.07
	9.17
	-3.87
	61.23
	-3.87
	126.35
	-3.87
	321.69
	-3.47

	B3 120 kHz
	9.78
	-1.82
	55.78
	-1.62
	113.38
	-1.22
	284.58
	1.78
	9.78
	-1.82
	55.78
	-1.82
	113.48
	-1.62
	285.38
	-0.02
	11.22
	-1.82
	63.28
	-1.82
	128.40
	-1.82
	323.74
	-1.42

	B4 15 kHz
	-18.09
	-29.69
	27.91
	-29.49
	85.51
	-29.09
	256.71
	-26.09
	-18.09
	-29.69
	27.91
	-29.69
	85.61
	-29.49
	257.51
	-27.89
	-16.65
	-29.69
	35.41
	-29.69
	100.53
	-29.69
	295.87
	-29.29

	B4 30 kHz
	-2.98
	-14.58
	43.02
	-14.38
	100.62
	-13.98
	271.82
	-10.98
	-2.98
	-14.58
	43.02
	-14.58
	100.72
	-14.38
	272.62
	-12.78
	-1.54
	-14.58
	50.52
	-14.58
	115.64
	-14.58
	310.98
	-14.18

	B4 60 kHz
	4.21
	-7.39
	50.21
	-7.19
	107.81
	-6.79
	279.01
	-3.79
	4.21
	-7.39
	50.21
	-7.39
	107.91
	-7.19
	279.81
	-5.59
	5.65
	-7.39
	57.71
	-7.39
	122.83
	-7.39
	318.17
	-6.99

	B4 120 kHz
	8.02
	-3.58
	54.02
	-3.38
	111.62
	-2.98
	282.82
	0.02
	8.02
	-3.58
	54.02
	-3.58
	111.72
	-3.38
	283.62
	-1.78
	9.46
	-3.58
	61.52
	-3.58
	126.64
	-3.58
	321.98
	-3.18

	C0 15 kHz
	-27.98
	-39.58
	18.02
	-39.38
	75.62
	-38.98
	246.82
	-35.98
	-27.98
	-39.58
	18.02
	-39.58
	75.72
	-39.38
	247.62
	-37.78
	-26.54
	-39.58
	25.52
	-39.58
	90.64
	-39.58
	285.98
	-39.18

	C0 30 kHz
	-7.92
	-19.52
	38.08
	-19.32
	95.68
	-18.92
	266.88
	-15.92
	-7.92
	-19.52
	38.08
	-19.52
	95.78
	-19.32
	267.68
	-17.72
	-6.48
	-19.52
	45.58
	-19.52
	110.70
	-19.52
	306.04
	-19.12

	C0 60 kHz
	1.73
	-9.87
	47.73
	-9.67
	105.33
	-9.27
	276.53
	-6.27
	1.73
	-9.87
	47.73
	-9.87
	105.43
	-9.67
	277.33
	-8.07
	3.17
	-9.87
	55.23
	-9.87
	120.35
	-9.87
	315.69
	-9.47

	C0 120 kHz
	6.78
	-4.82
	52.78
	-4.62
	110.38
	-4.22
	281.58
	-1.22
	6.78
	-4.82
	52.78
	-4.82
	110.48
	-4.62
	282.38
	-3.02
	8.22
	-4.82
	60.28
	-4.82
	125.40
	-4.82
	320.74
	-4.42

	C2 15 kHz
	-54.29
	-65.89
	-8.29
	-65.69
	49.31
	-65.29
	220.51
	-62.29
	-54.29
	-65.89
	-8.29
	-65.89
	49.41
	-65.69
	221.31
	-64.09
	-52.85
	-65.89
	-0.79
	-65.89
	64.33
	-65.89
	259.67
	-65.49

	C2 30 kHz
	-21.07
	-32.67
	24.93
	-32.47
	82.53
	-32.07
	253.73
	-29.07
	-21.07
	-32.67
	24.93
	-32.67
	82.63
	-32.47
	254.53
	-30.87
	-19.63
	-32.67
	32.43
	-32.67
	97.55
	-32.67
	292.89
	-32.27

	C2 60 kHz
	-4.85
	-16.45
	41.15
	-16.25
	98.75
	-15.85
	269.95
	-12.85
	-4.85
	-16.45
	41.15
	-16.45
	98.85
	-16.25
	270.75
	-14.65
	-3.41
	-16.45
	48.65
	-16.45
	113.77
	-16.45
	309.11
	-16.05

	C2 120 kHz
	3.49
	-8.11
	49.49
	-7.91
	107.09
	-7.51
	278.29
	-4.51
	3.49
	-8.11
	49.49
	-8.11
	107.19
	-7.91
	279.09
	-6.31
	4.93
	-8.11
	56.99
	-8.11
	122.11
	-8.11
	317.45
	-7.71


Table 6-38 PRACH format Doppler evaluation for FR1 (S band) and FR2 (Ka band) – Case a
	Scenario
	Freq
band
	UA Diameter
	Elev
angle
	
	PRACH Preamble
	

	
	
	
	
	Format 0/1/2
	Format 3
	All short formats

	
	
	
	
	[bookmark: OLE_LINK25]
	
	SCS

	
	
	
	
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	[bookmark: _Hlk215586499][bookmark: _Hlk215738157]LEO-600
	S
	50 km
	
	0.63
	-0.62
	-1.87
	-3.12
	-4.37
	-3.12
	-8.12
	-13.12
	-18.12
	-23.12
	-13.12
	-28.12
	N/A
	N/A

	
	
	
	
	4.00
	2.75
	1.50
	0.25
	-1.00
	0.25
	-4.75
	-9.75
	-14.75
	-19.75
	-9.75
	-24.75
	N/A
	N/A

	
	
	
	
	7.60
	6.35
	5.10
	3.85
	2.60
	3.85
	-1.15
	-6.15
	-11.15
	-16.15
	-6.15
	-21.15
	N/A
	N/A

	
	
	90 km
	
	2.17
	0.92
	-0.33
	-1.58
	-2.83
	-1.58
	-6.58
	-11.58
	-16.58
	-21.58
	-11.58
	-26.58
	N/A
	N/A

	[bookmark: _Hlk215586613]
	
	
	
	7.91
	6.66
	5.41
	4.16
	2.91
	4.16
	-0.84
	-5.84
	-10.84
	-15.84
	-5.84
	-20.84
	N/A
	N/A

	
	
	
	
	14.31
	13.06
	11.81
	10.56
	9.31
	10.56
	5.56
	0.56
	-4.44
	-9.44
	0.56
	-14.44
	N/A
	N/A

	LEO-1200
	S
	90 km
	
	0.71
	-0.54
	-1.79
	-3.04
	-4.29
	-3.04
	-8.04
	-13.04
	-18.04
	-23.04
	-13.04
	-28.04
	N/A
	N/A

	
	
	
	
	3.65
	2.40
	1.15
	-0.10
	-1.35
	-0.10
	-5.10
	-10.10
	-15.10
	-20.10
	-10.10
	-25.10
	N/A
	N/A

	
	
	
	
	6.52
	5.27
	4.02
	2.77
	1.52
	2.77
	-2.23
	-7.23
	-12.23
	-17.23
	-7.23
	-22.23
	N/A
	N/A

	[bookmark: _Hlk215586820]
	
	190 km
	
	2.83
	1.58
	0.33
	-0.92
	-2.17
	-0.92
	-5.92
	-10.92
	-15.92
	-20.92
	-10.92
	-25.92
	N/A
	N/A

	
	
	
	
	8.69
	7.44
	6.19
	4.94
	3.69
	4.94
	-0.06
	-5.06
	-10.06
	-15.06
	-5.06
	-20.06
	N/A
	N/A

	
	
	
	
	14.59
	13.34
	12.09
	10.84
	9.59
	10.84
	5.84
	0.84
	-4.16
	-9.16
	0.84
	-14.16
	N/A
	N/A

	[bookmark: _Hlk215586928]GEO
	S
	250 km
	
	-0.81
	-2.06
	-3.31
	-4.56
	-5.81
	-4.56
	-9.56
	-14.56
	-19.56
	-24.56
	-14.56
	-29.56
	N/A
	N/A

	
	
	
	
	-0.69
	-1.94
	-3.19
	-4.44
	-5.69
	-4.44
	-9.44
	-14.44
	-19.44
	-24.44
	-14.44
	-29.44
	N/A
	N/A

	
	
	
	
	-0.67
	-1.92
	-3.17
	-4.42
	-5.67
	-4.42
	-9.42
	-14.42
	-19.42
	-24.42
	-14.42
	-29.42
	N/A
	N/A

	[bookmark: _Hlk215587506]
	
	450 km
	
	-0.76
	-2.01
	-3.26
	-4.51
	-5.76
	-4.51
	-9.51
	-14.51
	-19.51
	-24.51
	-14.51
	-29.51
	N/A
	N/A

	
	
	
	
	-0.57
	-1.82
	-3.07
	4.32
	-5.57
	-4.32
	-9.32
	-14.32
	-19.32
	-24.32
	-14.32
	-29.32
	N/A
	N/A

	
	
	
	
	-0.44
	-1.69
	-2.94
	-4.19
	-5.44
	-4.19
	-9.19
	-14.19
	-19.19
	-24.19
	-14.19
	-29.19
	N/A
	N/A

	[bookmark: _Hlk215587282]LEO-600
	Ka
	20 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	[bookmark: OLE_LINK37]N/A
	N/A
	-45.24
	-105.24

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-24.18
	-84.18

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-3.12
	-63.12

	[bookmark: _Hlk215587404]
	
	50 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-29.40
	-89.40

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	19.44
	-40.56

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	73.08
	13.08

	LEO-1200
	Ka
	40 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-43.92
	-103.92

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-23.16
	-83.16

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-7.98
	-67.98

	
	
	90 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-28.50
	-88.50

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	14.16
	-45.84

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	56.58
	-3.42

	[bookmark: _Hlk215587613]GEO
	Ka
	110 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-53.70
	-113.70

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-52.56
	-112.56

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-52.80
	-112.80

	
	
	280 km
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-53.28
	-113.28

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-50.76
	-110.76

	
	
	
	
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	-50.88
	-110.88


Table 6-39  PRACH format Doppler evaluation for FR1 (S band) and FR2 (Ka band) – Case b
	[bookmark: OLE_LINK9]Scenario
	X
	Elev angle
	
	PRACH Preamble
	

	
	
	
	Format 0/1/2
	Format 3
	All short formats

	
	
	
	
	
	SCS

	
	
	
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	[bookmark: _Hlk215738341]LEO-600
	1 km
	
	-0.79
	-2.04
	-3.29
	-4.54
	-5.79
	-4.54
	-9.54
	-14.54
	-19.54
	-24.54
	-14.54
	-29.54
	-53.10
	-113.10

	
	
	
	-0.66
	-1.91
	-3.16
	-4.41
	-5.66
	-4.41
	-9.41
	-14.41
	-19.41
	-24.41
	-14.41
	-29.41
	-51.18
	-111.18

	
	
	
	-0.51
	-1.76
	-3.01
	-4.26
	-5.51
	-4.26
	-9.26
	-14.26
	-19.26
	-24.26
	-14.26
	-29.26
	-48.90
	-108.90

	
	5 km
	
	-0.55
	-1.80
	-3.05
	-4.30
	-5.55
	-4.30
	-9.30
	-14.30
	-19.30
	-24.30
	-14.30
	-29.30
	-49.50
	-109.50

	
	
	
	0.09
	-1.16
	-2.41
	-3.66
	-4.91
	-3.66
	-8.66
	-13.66
	-18.66
	-23.66
	-13.66
	-28.66
	-39.90
	-99.90

	
	
	
	0.78
	-0.47
	-1.72
	-2.97
	-4.22
	-2.97
	-7.97
	-12.97
	-17.97
	-22.97
	-12.97
	-27.97
	-29.58
	-89.58

	
	10 km
	
	-0.25
	-1.50
	-2.75
	-4.00
	-5.25
	-4.00
	-9.00
	-14.00
	-19.00
	-24.00
	-14.00
	-29.00
	-45.00
	-105.00

	
	
	
	1.04
	-0.21
	-1.46
	-2.71
	-3.96
	-2.71
	-7.71
	-12.71
	-17.71
	-22.71
	-12.71
	-27.71
	-25.68
	-85.68

	
	
	
	2.59
	1.34
	0.09
	-1.16
	-2.41
	-1.16
	-6.16
	-11.16
	-16.16
	-21.16
	-11.16
	-26.16
	-2.34
	-62.34

	[bookmark: _Hlk215739127]
	25 km
	
	0.70
	-0.55
	-1.80
	-3.05
	-4.30
	-3.05
	-8.05
	-13.05
	-18.05
	-23.05
	-13.05
	-28.05
	-30.78
	-90.78

	
	
	
	3.91
	2.66
	1.41
	0.16
	-1.09
	0.16
	-4.84
	-9.84
	-14.84
	-19.84
	-9.84
	-24.84
	17.34
	-42.66

	
	
	
	7.29
	6.04
	4.79
	3.54
	2.29
	3.54
	-1.46
	-6.46
	-11.46
	-16.46
	-6.46
	-21.46
	68.04
	8.04

	LEO-1200
	1 km
	
	-0.81
	-2.06
	-3.31
	-4.56
	-5.81
	-4.56
	-9.56
	-14.56
	-19.56
	-24.56
	-14.56
	-29.56
	-53.46
	-113.46

	
	
	
	-0.75
	-2.00
	-3.25
	-4.50
	-5.75
	-4.50
	-9.50
	-14.50
	-19.50
	-24.50
	-14.50
	-29.50
	-52.56
	-112.56

	
	
	
	-0.69
	-1.94
	-3.19
	-4.44
	-5.69
	-4.44
	-9.44
	-14.44
	-19.44
	-24.44
	-14.44
	-29.44
	-51.54
	-111.54

	
	5 km
	
	-0.68
	-1.93
	-3.18
	-4.43
	-5.68
	-4.43
	-9.43
	-14.43
	-19.43
	-24.43
	-14.43
	-29.43
	-51.42
	-111.42

	
	
	
	-0.37
	-1.62
	-2.87
	-4.12
	-5.37
	-4.12
	-9.12
	-14.12
	-19.12
	-24.12
	-14.12
	-29.12
	-46.74
	-106.74

	
	
	
	-0.02
	-1.27
	-2.52
	-3.77
	-5.02
	-3.77
	-8.77
	-13.77
	-18.77
	-23.77
	-13.77
	-28.77
	-41.52
	-101.52

	[bookmark: _Hlk220511946]
	10 km
	
	-0.51
	-1.76
	-3.01
	-4.26
	-5.51
	-4.26
	-9.26
	-14.26
	-19.26
	-24.26
	-14.26
	-29.26
	-48.84
	-108.84

	[bookmark: _Hlk220512049]
	
	
	0.12
	-1.13
	-2.38
	-3.63
	-4.88
	-3.63
	-8.63
	-13.63
	-18.63
	-23.63
	-13.63
	-28.63
	-39.42
	-99.42

	[bookmark: _Hlk220512198]
	
	
	0.81
	-0.44
	-1.69
	-2.94
	-4.19
	-2.94
	-7.94
	-12.94
	-17.94
	-22.94
	-12.94
	-27.94
	-29.10
	-89.10

	[bookmark: _Hlk220512316][bookmark: _Hlk215739514]
	25 km
	
	0.03
	-1.22
	-2.47
	-3.72
	-4.97
	-3.72
	-8.72
	-13.72
	-18.72
	-23.72
	-13.72
	-28.72
	-40.86
	-100.86

	[bookmark: _Hlk220512422]
	
	
	1.59
	0.34
	-0.91
	-2.16
	-3.41
	-2.16
	-7.16
	-12.16
	-17.16
	-22.16
	-12.16
	-27.16
	-17.40
	-77.40

	[bookmark: _Hlk220512535]
	
	
	3.30
	2.05
	0.80
	-0.45
	-1.70
	-0.45
	-5.45
	-10.45
	-15.45
	-20.45
	-10.45
	-25.45
	8.28
	-51.72

	[bookmark: _Hlk220512681]GEO
	1 km
	
	-0.85
	-2.10
	-3.35
	-4.60
	-5.85
	-4.60
	-9.60
	-14.60
	-19.60
	-24.60
	-14.60
	-29.60
	-54.00
	-114.00

	
	
	
	-0.85
	-2.10
	-3.35
	-4.60
	-5.85
	-4.60
	-9.60
	-14.60
	-19.60
	-24.60
	-14.60
	-29.60
	-53.94
	-113.94

	
	
	
	-0.85
	-2.10
	-3.35
	-4.60
	-5.85
	-4.60
	-9.60
	-14.60
	-19.60
	-24.60
	-14.60
	-29.60
	-54.00
	-114.00

	[bookmark: _Hlk220516624]
	5 km
	
	-0.85
	-2.10
	-3.35
	-4.60
	-5.85
	-4.60
	-9.60
	-14.60
	-19.60
	-24.60
	-14.60
	-29.60
	-54.00
	-114.00

	[bookmark: _Hlk220516753]
	
	
	-0.84
	-2.09
	-3.34
	-4.59
	-5.84
	-4.59
	-9.59
	-14.59
	-19.59
	-24.59
	-14.59
	-29.59
	-53.88
	-113.88

	[bookmark: _Hlk220516893]
	
	
	-0.84
	-2.09
	-3.34
	-4.59
	-5.84
	-4.59
	-9.59
	-14.59
	-19.59
	-24.59
	-14.59
	-29.59
	-53.88
	-113.88

	[bookmark: _Hlk220517003]
	10 km
	
	-0.85
	-2.10
	-3.35
	-4.60
	-5.85
	-4.60
	-9.60
	-14.60
	-19.60
	-24.60
	-14.60
	-29.60
	-53.94
	-113.94

	[bookmark: _Hlk220517147]
	
	
	-0.84
	-2.09
	-3.34
	-4.59
	-5.84
	-4.59
	-9.59
	-14.59
	-19.59
	-24.59
	-14.59
	-29.59
	-53.82
	-113.82

	[bookmark: _Hlk220517263]
	
	
	-0.83
	-2.08
	-3.33
	-4.58
	-5.83
	-4.58
	-9.58
	-14.58
	-19.58
	-24.58
	-14.58
	-29.58
	-53.76
	-113.76

	[bookmark: _Hlk220517582]
	25 km
	
	-0.84
	-2.09
	-3.34
	-4.59
	-5.84
	-4.59
	-9.59
	-14.59
	-19.59
	-24.59
	-14.59
	-29.59
	-53.88
	-113.88

	[bookmark: _Hlk220517688]
	
	
	-0.82
	-2.07
	-3.32
	-4.57
	-5.82
	-4.57
	-9.57
	-14.57
	-19.57
	-24.57
	-14.57
	-29.57
	-53.58
	-113.58

	[bookmark: _Hlk220517813]
	
	
	-0.81
	-2.06
	-3.31
	-4.56
	-5.81
	-4.56
	-9.56
	-14.56
	-19.56
	-24.56
	-14.56
	-29.56
	-53.46
	-113.46


Based on the evaluation the above results, the following observations are drawn. For Scenario 1, where the UE cannot rely on GNSS for timing and frequency compensation on the service link, there is no single long PRACH format that can accommodate the combined differential round-trip delay and differential Doppler across all elevation angles for LEO-600 S-band, LEO-1200 S-band and GSO S-band in case (a), where the location uncertainty corresponds to the entire beam coverage area. Similarly, there is no single short PRACH format capable of handling the differential delay and Doppler across all elevation angles for LEO-600 S-band, LEO-1200 S-band and GSO in both S-band and Ku/Ka-band in case (a), under the same beam-area location uncertainty assumption.
For Scenario 2, where a previously acquired GNSS-based position is available, a subset of PRACH formats can meet the differential delay and Doppler constraints across all elevation angles for certain values of X. The applicable PRACH formats for different uncertainty areas X (km) and operating bands are identified and summarised in the tables below.
Table 6-40	Long PRACH Formats | S band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	LEO 600 km, X=5 km
	Format 0-2 Type A/B all γ; Format 3 Unrestricted

	LEO 600 km, X=10 km
	Format 1 type B, format 2 type B

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	LEO 1200 km, X=5 km
	All formats, except Format 3 Type A/B

	LEO 1200 km, X=10 km
	Format 1 type B, format 2 type B

	LEO 1200 km, X=25 km
	None

	GEO, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	GEO, X=5 km
	All formats, except Format 3 Type A/B

	GEO, X=10 km
	Format 1 Unrestricted/Type A, format 2 Unrestricted/Type A

	GEO, X=25 km
	Format 1 Unrestricted


Table 6-41 Short PRACH Formats | S band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	LEO 600 km, X=5 km
	C2-15 only

	LEO 600 km, X=10 km
	None

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	LEO 1200 km, X=5 km
	C2-15 only

	LEO 1200 km, X=10 km
	None

	LEO 1200 km, X=25 km
	None

	GEO, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	GEO, X=5 km
	C2-15 only

	GEO, X=10 km
	None

	GEO, X=25 km
	None


Table 6-42 Short PRACH Formats | Ku/Ka band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	LEO 600 km, X=5 km
	None

	LEO 600 km, X=10 km
	None

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	LEO 1200 km, X=5 km
	Ku: C2-15
Ka: None

	LEO 1200 km, X=10 km
	None

	GEO, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	GEO, X=5 km
	Ku: C2-15
Ka: None

	GEO, X=10 km
	None

	GEO, X=25 km
	None


The interpretation of the results should take into account several important notes and assumptions. First, the detailed gaps for non‑workable PRACH formats and scenarios are documented in “PRACH performance evaluation v022,” embedded in R1‑2601483, and should be consulted for a complete view. The consolidated results have been derived from different sources under common assumptions: a UE altitude of 0 km is assumed, UE altitude uncertainty is neglected, and for Set 1/2 parameters the cell/beam area is assumed to be fixed within the satellite coverage and corresponds to the nadir beam size defined in TS 38.821. 
Under different conditions, larger time offset (TO) and frequency offset (FO) gaps may arise, for example when considering elongated non‑nadir beams at the edge of coverage with footprints larger than the nadir beam, a UE altitude of 10 km in aircraft scenarios, or high‑speed UEs in aircraft scenarios. These alternative assumptions, and the potentially larger TO/FO gaps they introduce, should be further evaluated and may need to be explicitly considered when analysing and designing candidate solutions for NR NTN GNSS‑resilient operation.
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To evaluate the impact of GNSS-resilient operation on NR-NTN UEs in RRC Connected mode, the signalling overhead associated with timing and frequency adjustment is assessed under a common set of assumptions. 
The analysis follows the satellite orbit and satellite parameter configurations given in section 5, and focus on quasi-Earth fixed cells, while allowing moving cells to be additionally considered and reported. The elevation angle range should, as a baseline, span from 90 degrees down to the minimum elevation angle, with additional cases outside the orbital plane reported starting from the highest elevation down to the minimum. 
UE pre-compensation of RTT and Doppler on the service link shall, at least, be evaluated for Scenario 1 using assistance information from the network, and for Scenario 2 using the last known UE location, with any alternative pre-compensation methods also reportable by companies. Unless otherwise stated, the baseline duty cycle assumes continuous UL transmission every slot, the UE speed is 3 km/h, and the initial timing and frequency errors are set to zero; any deviations from these baselines are to be clearly reported. 
The timing and frequency tolerances in connected mode are denoted by  and . Timing and/or frequency corrections are triggered when the corresponding errors exceed and F_tol, respectively.  and  considered for the study are to be reported by companies.
Performance evaluation shall at least include the minimum and maximum periods between consecutive adjustment commands, the average number of adjustment commands per second, and the average number of times per second that frequency and timing errors exceed their respective tolerance limits, with additional relevant metrics reported as needed.
The following table summarize the parameters and assumptions that have been considered for connected mode evaluation.
. Table 6-43 Assumptions for Connected mode evaluation
	Parameter
	Description/Value

	Satellite Orbit
	See section 5

	Satellite parameters
	See section 5

	Cell type
	Quasi-Earth Fixed cell
· Moving cell may be considered and reported.

	Range of elevation angle 
	Baseline: From 90 degree to minimum elevation angle.
Other values outside orbital plane to be reported. In this case, starting point is the highest elevation angle, and ending at the minimum elevation angle.

	UE pre-compensation of RTT/Doppler on the service link
	Case 1: At least for Scenario 1, based on assistance information provided by the Network
Case 2: For Scenario 2, based on at least the last known UE location
Details to be reported.
Other pre-compensation methods can be reported by companies.

	Duty cycle
	Baseline: Continuous UL transmission every slot
Other approaches if used, to be reported.

	UE speed
	Baseline: 3 km/h
To be reported

	Timing tolerance when connected  (Note 1)
	To be reported

	Frequency tolerance when connected  (Note 1) 
	To be reported

	Initial timing error
	Baseline: 0
To be reported

	Initial frequency error
	Baseline: 0
To be reported

	Other
	To be reported
Note: Details of deriving UL timing and frequency error at gNB to be reported.

	Performance metrics
	Minimum period between two consecutive adjustment commands (in seconds)
Maximum period between two consecutive adjustment commands (in seconds)
Average number of adjustment commands per second
Average number of times frequency error exceeds tolerance limit per second
Average number of times timing error exceeds tolerance limit per second
Other metrics may be considered and reported.

	Note 1: A timing and/or frequency correction is issued if the timing and frequency error exceeds tolerance limits  and , respectively.
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To support GNSS-resilient NR-NTN operation, especially for initial access in the presence of large time and frequency uncertainties, a set of candidate solutions is considered with the objective of increasing PRACH robustness and/or reducing the associated uncertainty. The following solution candidates span enhancements based on existing PRACH formats and configurations, new PRACH restricted sets, improved signalling mechanisms for timing and frequency adjustment, and various UE-side and network-assisted pre-compensation schemes (including DL-TDOA- and timestamp-based approaches), as well as implementation-based techniques relying on extended processing windows and multiple timing hypotheses at the receiver. 
These solutions are not mutually exclusive and may be combined as appropriate. In evaluating the solutions listed below, it is envisaged to assess, at a minimum, their impact on specifications (including consistency with the SID scope), performance, applicability across different NTN scenarios, implementation complexity, coexistence with legacy UEs, and the resulting signalling overhead.
The potential solutions under study for initial access are listed below.
· Solution 1A: Multiple PRACH transmissions (e.g. with different roots or different formats or with different time/frequency pre-compensation using multiple reference locations within the uncertainty area) using existing PRACH formats
· Solution 1B: New PRACH restricted sets.
· Solution 1C: Single PRACH transmission with multiple TAC/FAC commands in single/multiple RAR MAC PDU scheduling multiple msg3 with different TA/FA.
· Solution 1D: Signalling enhancements for Msg2/Msg4 (e.g. enhanced TA command, frequency adjustment command, reference point adjustment command).
· Solution 1E: configuration/selection of a set of existing PRACH root for a Single PRACH transmission.
· Solution 1F: PRACH transmission using TA margin indicated by Network and RO masking.
· Solution 1G: Adaptation of PRACH configuration.
· Solution 2A: Single/multi-satellite DL-TDOA based on current specifications.
· Solution 2B: Multiple random access attempts based on different time/frequency pre-compensation hypotheses (e.g. based on multiple reference points within the uncertainty area)
· Solution 2C: Solutions based on broadcasting DL timestamp(s).
· Solution 2D: UE side time/frequency pre-compensation based on reference location or TA/Doppler compensation information provided by gNB.
· Solution 2E: service link time/frequency pre-compensation based on last acquired GNSS position
· Solution 2F: UE side time/frequency pre-compensation based on reference signal.
· Solution 3: Implementation-based techniques e.g. using a long enough PRACH processing window and multiple timing hypotheses for PRACH preamble reception with large max differential delay. 

7.1.1	Solution 1A
Editor’s note – This section will be updated in the next revision
7.1.1.1	Solution description
Solution 1A enables a UE to transmit multiple PRACH preambles within a single access attempt, each using different parameters (e.g., root sequences, formats, or time/frequency pre-compensation derived from multiple assumed reference locations). In addition, this option may allow the use of two different cyclic shifts as well as different amplitude/phase offsets. All transmissions are based on existing PRACH formats, with the expectation that at least one of the preambles will fall within the gNB’s detection window.
7.1.1.2	Relevant scenario
7.1.1.3	Specification Impact
7.1.1.4	Performance evaluation
7.1.1.5	Signaling overhead
7.1.1.6	Complexity evaluation
7.1.1.7	Coexistence with legacy UEs
7.1.2	Solution 1B
Editor’s note – This section will be updated in the next revision
7.1.2.1	Solution description
Solution 1B suggests defining restricted PRACH preamble sets that are specifically optimized for NTN. By constraining the Zadoff–Chu sequence configurations (for example, using larger zero-correlation zones), this approach seeks to enhance robustness against Doppler and frequency offsets, at the expense of reducing the total number of available preambles.
7.1.2.2	Relevant scenario
7.1.2.3	Specification Impact
7.1.2.4	Performance evaluation
7.1.2.5	Signaling overhead
7.1.2.6	Complexity evaluation
7.1.2.7	Coexistence with legacy UEs

7.1.3	Solution 1C
Editor’s note – This section will be updated in the next revision
7.1.3.1	Solution description
Solution 1C proposes a multi-step Random Access Response procedure. The UE sends a single PRACH preamble, and once it is detected, the gNB issues multiple Timing Advance (TA) and/or Frequency Advance (FA) commands within Msg2 (RAR) or through multiple RAR messages. The UE then transmits Msg3 several times, each using a different TA/FA hypothesis, ensuring that at least one transmission is correctly aligned. This represents a closed-loop enhancement of the current RAR mechanism.
7.1.3.2	Relevant scenario
7.1.3.3	Specification Impact
7.1.3.4	Performance evaluation
7.1.3.5	Signaling overhead
7.1.3.6	Complexity evaluation
7.1.3.7	Coexistence with legacy UEs

7.1.4	Solution 1D
Editor’s note – This section will be updated in the next revision
7.1.4.1	Solution description
Solution 1D proposes enhancing the random access procedure by introducing additional fields in Msg2 (RAR) and/or Msg4 to refine time and frequency alignment after preamble detection. These may include an extended-range or higher-resolution Timing Advance (TA), an explicit frequency adjustment command for Doppler compensation, and a reference-point update that instructs the UE to modify its assumed timing baseline. Together, these refinements enable more precise alignment once the initial connection has been established.
7.1.4.2	Relevant scenario
7.1.4.3	Specification Impact
7.1.4.4	Performance evaluation
7.1.4.5	Signaling overhead
7.1.4.6	Complexity evaluation
7.1.4.7	Coexistence with legacy UEs

7.1.5	Solution 1E
Editor’s note – This section will be updated in the next revision
7.1.5.1	Solution description
Solution 1E proposes leveraging a group of existing PRACH root sequences within a single access attempt. This could involve either (i) transmitting multiple roots at the same time (a composite/multi-root preamble), or (ii) configuring a set of roots from which the UE selects the most suitable one. To clearly differ from baseline behavior, the solution likely assumes concurrent multi-root transmission while remaining within the standard Zadoff–Chu root set. The underlying idea is that Doppler causes a shift in the correlation peak position, and the magnitude of this shift depends on the chosen root sequence index.
7.1.5.2	Relevant scenario
7.1.5.3	Specification Impact
7.1.5.4	Performance evaluation
7.1.5.5	Signaling overhead
7.1.5.6	Complexity evaluation
7.1.5.7	Coexistence with legacy UEs

7.1.6	Solution 1F
Editor’s note – This section will be updated in the next revision
7.1.6.1	Solution description
Solution 1F proposes that the network broadcast a Timing Advance (TA) margin to UEs and apply Random Access Occasion (RO) masking. UEs then transmit with an additional timing offset (the margin), while the network deactivates certain PRACH occasions to create extra guard time for NTN-related delays and to absorb gNB delay estimation errors. This lets preambles that arrive slightly early or late avoid overlapping with other signals, effectively trading RACH capacity for greater robustness to timing uncertainty.
7.1.6.2	Relevant scenario
7.1.6.3	Specification Impact
7.1.6.4	Performance evaluation
7.1.6.5	Signaling overhead
7.1.6.6	Complexity evaluation
7.1.6.7	Coexistence with legacy UEs

7.1.7	Solution 1G
Editor’s note – This section will be updated in the next revision
7.1.7.1	Solution description
Solution 1G proposes adapting existing PRACH configurations for GNSS-resilient operation by selecting formats and parameters that better tolerate large delay and/or Doppler.
7.1.7.2	Relevant scenario
7.1.7.3	Specification Impact
7.1.7.4	Performance evaluation
7.1.7.5	Signaling overhead
7.1.7.6	Complexity evaluation
7.1.7.7	Coexistence with legacy UEs

7.1.9	Solution 2A
Editor’s note – This section will be updated in the next revision
7.1.9.1	Solution description
Solution 2A exploits downlink signals from one or more satellites to estimate UE position using TDOA, similar to GNSS but relying on existing NR signals (e.g., SSB/CSI-RS/PRS).
7.1.9.2	Relevant scenario
7.1.9.3	Specification Impact
7.1.9.4	Performance evaluation
For the evaluation of DL-only UE-based positioning method, using DL-TDOA, the following evaluation assumptions and parameters are being considered.
Table 7‑1 evaluation assumptions and parameters for the evaluation of DL-only UE-based positioning method
	Parameter
	Description/Value

	Satellite Orbit
	As per RAN1#122 agreement

	Satellite parameters
	As per RAN1#122 agreement

	Channel model/ Delay spread
	Based on section 6.7.2 of TR 38.811

	FR/Carrier frequency
	As per RAN1#122 agreement

	BW
	To be reported by companies.
Baseline: 10 MHz for FR1 and 50 MHz for FR2

	Subcarrier spacing
	15 kHz for FR1-NTN, 120 kHz for FR2-NTN

	Number of satellites in view
	Case 1: 1 Satellite
Case 2: At least 2 Satellites

	UE type
	As per RAN1#122 agreement

	Positioning signals
	DL-PRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2

	Number of symbols used per occasion
	6

	Number of DL-PRS occasions
	To be reported.

	Time window for measurement collection
	To be reported.

	UE speed
	As per RAN1#122 agreement

	UE minimum elevation angle
	For Case 1, as per RAN1#122 agreement. For Case 2, to be reported.

	Ue clock drift/error
	To be reported

	Performance metrics

	UE 2D as baseline.
3D can be reported by companies.
Residual UL timing and frequency error after applying pre-compensation based on positioning

	UE position estimation algorithme
	To be reported.



7.1.9.5	Signaling overhead
7.1.9.6	Complexity evaluation
7.1.9.7	Coexistence with legacy UEs

7.1.10	Solution 2B
Editor’s note – This section will be updated in the next revision
7.1.10.1	Solution description
Solution 2B proposes that the UE performs multiple random access attempts, each using different time and frequency pre-compensation values derived from alternative reference points within its uncertainty region. Instead of sending multiple preambles simultaneously, the UE sequentially “searches” the uncertainty space across successive RACH occasions, updating its TA/Doppler hypotheses until one attempt aligns adequately.
7.1.10.2	Relevant scenario
7.1.10.3	Specification Impact
7.1.10.4	Performance evaluation
7.1.10.5	Signaling overhead
7.1.10.6	Complexity evaluation
7.1.10.7	Coexistence with legacy UEs

7.1.11	Solution 2C
Editor’s note – This section will be updated in the next revision
7.1.11.1	Solution description
Solution 2C suggests that the network broadcast explicit time information (timestamps) that UEs can use to calibrate their local clocks. By receiving a “current network time” via SIB or another broadcast control message, a GNSS-less UE can compare it to its own clock to reduce offset and drift. In effect, this replicates GNSS-like time dissemination using existing NR broadcast signaling.
7.1.11.2	Relevant scenario
7.1.11.3	Specification Impact
7.1.11.4	Performance evaluation
7.1.11.5	Signaling overhead
7.1.11.6	Complexity evaluation
7.1.11.7	Coexistence with legacy UEs

7.1.12	Solution 2D
Editor’s note – This section will be updated in the next revision
7.1.12.1	Solution description
Solution 2D has the network provide a common timing and frequency reference—such as a reference location, a common Timing Advance (TA), and/or a Doppler offset—that UEs use to pre-compensate their uplink. Rather than depending on each UE’s unknown actual position, all UEs align to a shared assumed reference (e.g., the beam center), so that only the residual error from the difference between the UE’s true location/velocity and the reference remains.
7.1.12.2	Relevant scenario
7.1.12.3	Specification Impact
7.1.12.4	Performance evaluation
7.1.12.5	Signaling overhead
7.1.12.6	Complexity evaluation
7.1.12.7	Coexistence with legacy UEs

7.1.13	Solution 2E
Editor’s note – This section will be updated in the next revision
7.1.13.1	Solution description
Solution 2E allows the UE to use its last valid GNSS fix, even if it is outdated, to perform PRACH time and frequency pre-compensation when GNSS is no longer available. Rather than blocking access once GNSS accuracy deteriorates, the UE continues using its most recent position/time information and tolerates the resulting residual error.
7.1.13.2	Relevant scenario
7.1.13.3	Specification Impact
7.1.13.4	Performance evaluation
7.1.13.5	Signaling overhead
7.1.13.6	Complexity evaluation
7.1.13.7	Coexistence with legacy UEs

7.1.14	Solution 2F
Editor’s note – This section will be updated in the next revision
7.1.14.1	Solution description
Solution 2F proposes that the UE uses existing downlink signals (e.g., SSB, CSI-RS) to self-calibrate its time and frequency prior to PRACH. The UE locks its oscillator to the downlink carrier to reduce frequency offset and can leverage the timing/phase of the received signals to refine its internal timing. No explicit timestamps are broadcast; the UE instead depends on signal properties already available in NR.
7.1.14.2	Relevant scenario
7.1.14.3	Specification Impact
7.1.14.4	Performance evaluation
7.1.14.5	Signaling overhead
7.1.14.6	Complexity evaluation
7.1.14.7	Coexistence with legacy UEs

7.1.15	Solution 3
Editor’s note – This section will be updated in the next revision
7.1.15.1	Solution description
Solution 3 uses implementation-specific receiver techniques without requiring any changes to the standard. By configuring “One Preamble per Root,” the gNB can efficiently handle large delay uncertainties typical of GNSS-resilient NTN scenarios. With no cyclic shift multiplexing within a root sequence, the ambiguity between propagation delay and cyclic shift ID is removed. As a result, the gNB can detect preambles arriving anywhere within an extended correlation window using a straightforward detection algorithm, avoiding complex multi-hypothesis testing.
7.1.15.2	Relevant scenario
7.1.15.3	Specification Impact
7.1.15.4	Performance evaluation
7.1.15.5	Signaling overhead
7.1.15.6	Complexity evaluation
7.1.15.7	Coexistence with legacy UEs


[bookmark: _Toc221600056]7.2	Candidate solutions for RRC connected mode
[bookmark: _Toc221600057]7.2.1	Evaluation of solutions

[bookmark: _Toc221600058]
8	Conclusions and recommendations

 
 
  


[bookmark: _Toc221600059]Annex <F> (informative):
Change history

	[bookmark: historyclause]Change history

	Date
	Meeting
	TDoc
	CR
	Rev
	Cat
	Subject/Comment
	New version

	2025-11
	RAN1#123
	R1-2508479
	
	
	
	TR skeleton for study on GNSS (Global Navigation Satellite System) resilient NR-NTN (Non-Terrestrial Networks) operation
	0.0.1




3GPP
image1.emf
 


oleObject1.bin
[image: image1.png]~

5G







image2.emf
 


oleObject2.bin
[image: image1.png]=

A GLOBAL INITIATIVE







image3.png
A
t Satellite motion

. Single beam within the analysis

on-Nadir
beam/cell at
Lower elevation

O Satellite coverage footprint

case 2: beam at 90° with
respect to orbital plane

case 1: beam within
the orbital plane

Non-Nadir
beam/cell at
Lower elevation





image4.wmf
Earth surface

Satellite orbit

R

E

h

s

h

ue

V

s

V

ue

R

E

x

y

z

e

u

Location 

uncertainty 

area

Satellite orbital plane =xz

Consider satellite 

moving along x-axis, 

UE is moving on x-y 

plane, at an azimuth 

angle 


image5.png
A
UL Frequency error
) +0.5
observed by gNB (kHZ) I 0.5 LRA 2faa
I +0.5 £ RA
................................................................................................. fra
+0.5 £ RA|
Y I U NN S N 0
-0.5 f RA|
Un-restricted set
- ~fa
1 -0.5f RA

Restricted set A
Max Freq offset that

can be resolved —2fa
“Theoretically” | 7T

Restricted set B





