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Part I


[bookmark: _Toc32011400]


Name of the Evaluation Group:  5G India Forum (5GIF)


[bookmark: _Toc32011401]


About the IEG





5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI), aiming to become the leading force in the development of next generation communications and will enable synergizing national effort. It is expected to play a significant role in shaping the strategic, commercial, and regulatory development of the 5G ecosystem in India. 





5GIF is one of the registered as Independent Evaluation Groups (IEGs) for contributing to Satellite Component of IMT-2020 development of ITU-R through independent evaluation of the IMT2020 candidate technologies.  





The IEG includes telecom operators, OEM’s, universities, and individual subject experts participating for the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach.





[bookmark: _Toc32011402]Method of Work


[bookmark: _Toc31461921][bookmark: _Toc31463071][bookmark: _Toc31467074]


[bookmark: _Toc32011403]The group employed both online and offline means for meetings. The group worked through online and offline means, while adhering to the evaluation guidelines by ITU-R WP4B.





This report will be revised with more results towards the final submission in upcoming WP4B meeting.  





Contact details:





Contact person(s):





Chair,  5GIF IEG: 


Dr. Sendil Kumar, 


imt2020@5gindiaforum.in 





Mr. Vikram Tiwathia,  


vtiwathia@coai.in





Related web site (if available):


https://www.5gindiaforum.in/





 
































Part – II


Technical Report


[bookmark: _Hlk32010125]


This part of the report covers the technical aspects of the evaluation report. This document is the initial evaluation report of the satellite radio interface (SRI) of IMT 2020 candidate technology - 3GPP 5G NTN submitted by 3GPP. In this interim report, we have evaluation results of the candidate submissions and observations on the information from the Satellite IMT2020 specifications as provided by 3GPP in their ITU-R submissions and self-evaluation reports submitted.


[bookmark: _Toc31461923][bookmark: _Toc31463074][bookmark: _Toc31467077][bookmark: _Toc32011406]


The 5GIF IEG utilized the ITU-R Guidelines for evaluation of satellite radio interface technologies for IMT-2020 SAT provided in ITU-R Report M.2412 and M.2514. 





A. Satellite component of IMT-2020 candidate technologies





Table-A: Satellite component of IMT-2020 candidate technologies





			RIT/SRIT Proponent


			Submission of Documents & 


Acknowledgement of Submission 


5G NTN IMT-2020


			Remarks





			3GPP 5G NTN (SRIT)


			 Document IMT-2020-SAT/3​ 


Candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 1 (SRIT))


			TBD





			


			 Acknowledgement IMT-2020-SAT/3 - Acknowledgement of candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 1 (SRIT))


			





			3GPP 5G NTN  (RIT)


			Document IMT-2020-SAT/4  - Candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 2 (RIT))


			TBD





			


			Acknowledgement IMT-2020-SAT/4 - Acknowledgement of candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 2 (RIT))


			


















B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2514





The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2514, 








			Characteristic for evaluation


			High-level assessment method


			Evaluation methodology (M.2514)


			Related section of Reports
M. 2412 





			Peak data rate


			Analytical


			§ 7.2.1


			M.2412, § 7.2.2 





			Peak spectral efficiency


			


			§ 7.2.2


			M.2412, § 7.2.1





			User experienced data rate*


			


			§ 7.2.3


			M.2412, § 7.2.3





			Area traffic capacity


			


			§ 7.2.6


			M.2412, § 7.2.4





			User plane latency


			


			§ 7.2.7.1


			M.2412, § 7.2.6





			Control plane latency


			


			§ 7.2.7.2


			M.2412, § 7.2.5





			Mobility interruption time


			


			§ 7.2.12


			M.2412, § 7.2.7





			Energy efficiency


			Inspection


			§ 7.2.9


			M.2412, § 7.3.2





			Bandwidth


			


			§ 7.2.13


			M.2412, § 7.3.1





			Average spectral efficiency


			Simulation


			§ 7.2.5


			M.2412, § 7.1.1





			5th percentile user spectral efficiency


			


			§ 7.2.4


			M.2412, § 7.1.2





			Connection density


			


			§ 7.2.8


			M.2412, § 7.1.3





			Reliability


			


			§ 7.2.10


			M.2412, § 7.1.5





			Mobility


			


			§ 7.2.11


			M.2412, § 7.1.4














[bookmark: _Toc31461924][bookmark: _Toc31463075][bookmark: _Toc31467078][bookmark: _Toc32011407]C. Documentation of any additional evaluation methodologies that are or might be developed by the IEG to complement the evaluation guidelines





[TBD]


[bookmark: _Toc31467079][bookmark: _Toc32011408]D. Verification as per Report ITU-R M.2514 of the compliance templates and the self-evaluation for each candidate technology listed in Table-A. 





Table-A: Candidate Technology


			Aspects


			3GPP 5G NTN- SRIT (IMT-2020-SAT/3)


			3GPP 5G NTN-RIT (IMT-2020-SAT/4)





			


			


			





			1) Identify gaps/deficiencies in submitted material and/or self-evaluation;


2) Identify areas requiring clarifications;


3) General Questions to Proponents


			


			














[bookmark: _Toc31467080][bookmark: _Toc32011409]E. Assessment as per Reports ITU-R M.2514








			Aspects


			3GPP 5G NTN- SRIT (IMT-2020-SAT/3)


			3GPP 5G NTN-RIT (IMT-2020-SAT/4)





			Detailed analysis/assessment and evaluation by the IEGs of the compliance templates submitted by the proponents per the Report ITU-R M.2514 section 8.2.6; 


			TBD


			


TBD








			Provide any additional comments in the templates along with supporting documentation for such comments;


			TBD





			TBD








			Analysis of the proponent’s self-evaluation by the IEG; 


			TBD





			TBD














[bookmark: _Toc31467081][bookmark: _Toc32011410]F. Questions and feedback to WP 4B and/or the proponents or other IEGs



















[bookmark: _Toc30787167][bookmark: _Toc32009427][bookmark: _Toc32012482][bookmark: _Toc32013607][bookmark: _Toc92862737]Chapter 1 Verification of Compliance Templates of Candidate Technologies





In this chapter, we have reported our observations on the submissions of the candidate technologies 3GPP 5G NTN RIT and SRIT.


This chapter verifies the following aspects like – gaps and deficiencies in the templates – link budget, characteristic and compliance templates as well as ambiguous parts of the submissions which needs sufficient clarifications from the proponents to independently evaluate the technology as per M.2514. recommendations.


[bookmark: _Toc32012483][bookmark: _Toc32013608][bookmark: _Toc1481029883]1.1 Candidate technologies – 3GPP 5G NTN- SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4)


[bookmark: _Toc1255484722]Proponent: 3GPP 





The 3GPP RIT submission documented in IMT-2020-SAT/4 is based on the NR radio interface technology and the 3GPP SRIT submission in IMT-2020-SAT/4 is based on  NR NTN and NB-IoT satellite access and eMTC satellite access.









[bookmark: _Toc1190275095][bookmark: _Hlk163471810]Chapter 2 Assessment of Candidate technology by 3GPP 5G NTN- SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4) 








In this chapter, we provide our detailed assessment of IMT-2020-SAT/4, this refers to the NR NTN. This single technology is designed to address the eMBB-s, mMTC-s and HRC-s usage scenarios. 





[bookmark: _Toc32396105][bookmark: _Toc139008017]2.1 Compliance Templates





This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. This assessment is independently done based on the characteristic template and 3GPP specifications referred in the submission by the proponents in 3GPP 5G NTN (SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4)).


The compliance templates are based on ITU-R M.2514:


· Compliance template for services;


· Compliance template for spectrum; and,


· Compliance template for technical performance





As per the ITU-R Report M.2514, Section 8.2.6, the summary based on our evaluation is as below: 


[bookmark: _Toc32009429][bookmark: _Toc32396106][bookmark: _Toc1844038661][bookmark: _Toc30787171]2.1.1 Services 





(M.2514 - Compliance template for services 8.2.6.1)





			M.2514 Section


			Service-related minimum capabilities within the satellite radio interface(s)


			5GIF comments





			8.2.6.1


			Support of a wide range of services


Does the proposal support a wide range of services?


Yes/No





			





			  








[bookmark: _Toc30787172][bookmark: _Toc32009430][bookmark: _Toc32396107][bookmark: _Toc138238467]2.1.2 Spectrum 


(M.2514 - Compliance template for spectrum 8.2.6.2)





			M.2514 Section


			Spectrum capability requirements 


			5GIF comments





			8.2.6.2


			Spectrum bands


Is the proposal able to utilize at least one band identified for IMT?


Yes


Specify in which band(s) the candidate satellite radio interface(s) can be deployed


(See comments)


			


· 1980-2010 (UL)/2170-2200MHz (DL)


· 1626.5-1660.5 (UL) / 1525-1559MHz (DL)


· 1610 MHz – 1626.5 (UL) / 2483.5 MHz – 2500 MHz (DL)














 [image: ]
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[bookmark: _Toc30787173][bookmark: _Toc32009431][bookmark: _Toc32396108][bookmark: _Toc1443674852]2.1.3 Technical Performance


(M.2514 - Compliance template for technical performance from 8.2.6.3)








			[bookmark: _Toc32009432]Minimum technical requirements items


			Category


			Required value 


			Value 


			Requirement met?


			Comments





			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			Peak data rate


			eMBB-s


			N/A


			Uplink


			2 Mbit/s


			2.67 Mbit/s


			Yes


			





			


			


			


			Downlink


			70 Mbit/s


			111 Mbit/s


			Yes


			





			Peak spectral efficiency


			eMBB-s


			N/A


			Uplink


			1.5 bit/s/Hz


			1.85 bit/s/Hz


			Yes


			





			


			


			


			Downlink


			3 bit/s/Hz


			3.71 bit/s/Hz


			Yes


			





			User experienced data rate


			eMBB-s


			Rural


			Uplink


			100 kbit/s


			


			


			





			


			


			


			Downlink


			1 Mbit/s


			


			


			





			5th percentile user spectral efficiency


			eMBB-s


			Rural


			Uplink


			0.003 bit/s/Hz


			


			


			





			


			


			


			Downlink


			0.03 bit/s/Hz


			


			


			





			Average spectral efficiency


			eMBB-s


			Rural


			Uplink


			0.1 bit/s/Hz


			


			


			





			


			


			


			Downlink


			0.5 bit/s/Hz


			


			


			





			Area traffic capacity


			eMBB-s


			Rural


			Uplink


			1.5 kbit/s/km²


			


			


			





			


			


			


			Downlink


			8 kbit/s/km²


			


			


			





			User Plane latency


			eMBB-s


			N/A


			N/A


			10 ms


			


			


			





			Control Plane latency


			eMBB-s


			N/A


			N/A


			40 ms 


			


			


			





			Connection density


			mMTC-s


			Rural


			N/A


			500 devices/km²


			


			


			





			Energy efficiency


			eMBB-s


			N/A


			N/A


			High sleep ratio and long sleep duration


			


			


			





			Reliability


			HRC-s


			Rural


			N/A


			1-10−3


			


			


			





			Mobility – UE speed


			eMBB-s


			Rural


			N/A


			250 km/h


			


			


			





			Mobility - Traffic channel link data rate


			eMBB-s


			Rural


			N/A


			0.005 bit/s/Hz


			


			


			





			Mobility interruption time


			eMBB-s


			N/A


			N/A


			50 ms


			


			


			





			Bandwidth


			N/A


			N/A


			N/A


			At least up to and including 30 MHz


			


			


			








[image: ]
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[bookmark: _Toc32009433][bookmark: _Toc32396110][bookmark: _Toc1235799480]2.2 Detailed Technical Evaluation





[bookmark: _Toc1341766414][bookmark: _Toc30787176]This section provides the details of the evaluation and 5GIF findings on the 3GPP 5G NTN candidate SRIT (IMT-2020-SAT/3) and RIT (IMT-2020-SAT/4).








Technical Performance calculated in this section are:





· Peak Spectral Efficiency


· Peak Data Rate


· User Experienced Data Rate


· 5th Percentile User Spectral Efficiency


· Average spectral efficiency


· Area Traffic Capacity


· Control & User Plane Latency


· Connection Density


· Energy Efficiency


· Reliability


· Mobility- UE Speed


· Mobility- Traffic Channel Link Data Rate


· Mobility Interruption Time


· Bandwidth








Evaluation of eMBB-s technical performance








2.2.2.1 [bookmark: _Toc153282112][bookmark: _Toc536501164]Peak spectral efficiency 





As defined in R M Report ITU-R M.2514, peak spectral efficiency is the maximum data rate under ideal conditions normalized by the assigned bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assignable to a single mobile station, when up to all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots and guard bands).


When only one component carrier is in use, the generic formula for peak spectral efficiency is given by:


[bookmark: _Hlk152972215]	 	


wherein


· Rmax is the maximum code rate


·  is the maximum number of layers


·  is the maximum modulation order


·  is the scaling factor can at least take the values 1 and 0.75. 


· [bookmark: _Hlk11580567] is the numerology (as defined in TS 38.211 [3])


·  is the average OFDM symbol duration in a subframe for numerology , i.e . , assuming normal cyclic prefix


·  is the maximum RB allocation in bandwidth with numerology  and  is the UE supported maximum bandwidth in a given band.


·  is the overhead calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH, reference signals, etc. with respect to the total number of REs in the effective bandwidth time product as given by .


The peak spectral efficiency of NR satellite access is evaluated based on an analytical method. Unlike a terrestrial system, where conditions close to ideal be achieved, for an NTN system the minimum orbit height will result in a signal-to-noise ratio where the theoretical maximum is not achievable. 





Evaluation methodology





The proponent should report the peak spectral efficiencies achievable by the candidate RITs/SRITs and identify the assumed frequency band(s) of operation and the assigned DL and UL bandwidths in that(those) band(s). 





Proponents should demonstrate that the peak spectral efficiency requirement can be met for, at least, one declared carrier frequency.


  


The evaluation assumptions for the ideal conditions can be found in Table 2.2.2.1-1.





[bookmark: _Ref506285681]Table 2.2.2.1.1 NR Parameters for peak spectral efficiency and peak data rate evaluation


			Parameters


			DL


			UL


			Remarks





			Max. coding rate Rmax


			[666/1024 - 822/1024]


			[434/1024 - 553/1024]


			





			Max. number of layers 


			1


			





			Highest modulation order 


			6


			4


			DL: 64QAM


UL: 16QAM





			Scaling factor of modulation 


			1


			





			Numerology


 


			0


			SCS = 15 kHz





			Maximum RB allocation





			160 


			8


			For UL, 8 PRBs out of the full bandwidth is assigned per UE





			Overhead (OH)


			0.14


			0.08


			See 38.306, clause 4.1.2





			Elevation angle


			90°


			





			Orbit height [km]


			600


			





			Frequency [GHz]


			2.00


			





			TX: EIRP [dBm]


			78.77


			23.00


			





			RX: G/T [dB/T]


			-31.62


			1.10


			





			Atmospheric loss [dB]


			0


			





			Shadow fading margin [dB]


			0


			





			Scintillation loss [dB]


			0


			





			Polarization loss [dB]


			0


			





			Additional losses [dB]


			0


			














The evaluation results for Peak spectral efficiency for DL and UL can be found in Table 2.2.2.1.2. 





Table 2.2.2.1.2   NR satellite access peak spectral efficiency (bit/s/Hz)


			Link


			SCS [kHz]


			BW [MHz/RB]


			Peak spect. eff. (bits/s/Hz)


			Req.





			DL


			15


			30 / 160


			3.71


			3





			UL


			15


			1.44 / 8


			1.85


			1.5











Based on the above analysis, NR satellite access fulfils peak spectral efficiency requirement for both DL and UL.





			5GIF Observations 





Based on the assessment,




















2.2.2.2 [bookmark: _Toc153282113][bookmark: _Toc12854436]Peak data rate





Peak data rate for NR NTN is evaluated based on the evaluation results of NR satellite access peak spectral efficiency provided in Section 4.1.1. Using the analytical way as provided in Report ITU-R M.2514 DL peak data rate is calculated as:


	


Evaluation Methodology-


The proponent should report the peak data rate values achievable by the candidate RITs/SRITs and identify the assumed frequency band(s) of operation and the assigned DL and UL bandwidths in that(those) band(s).


Proponents should demonstrate that the peak data rate requirement can be met for, at least, one declared carrier frequency.


Suitable evaluation parameters should be used and reported by the proponent, using examples provided in § 8.2 [Report ITU-R M.2514] (associated to the Rural-eMBB-s test environment) as needed.





The evaluation results for peak data rate for DL and UL can be found in Table 2.2.2.2-1.  


Table 2.2.2.2-1 NR satellite access Peak data rate (Mbit/s)


			Link


			SCS [kHz]


			BW [MHz/RB]


			Peak data rate (Mbit/s)


			Req.





			DL


			15


			30 / 160


			111


			70





			UL


			15


			1.44 / 8


			2.67


			2











Based on the above analysis, NR satellite access fulfils peak data rate requirements for both DL and UL.





2.2.2.3 [bookmark: _Toc153282114][bookmark: _Toc1748951895]5th percentile user spectral efficiency 





			5GIF Observations 





Based on the assessment,

















2.2.2.4 [bookmark: _Toc153282115][bookmark: _Toc1995111656]Average spectral efficiency 


[bookmark: _Toc153282116]


			5GIF Observations 





Based on the assessment,














2.2.2.5 [bookmark: _Toc361738526]User experienced data rate





 


2.2.2.6 [bookmark: _Toc153282117][bookmark: _Toc2087339603]Area traffic capacity











2.2.2.7 [bookmark: _Toc153282118][bookmark: _Toc164545097]Latency











[bookmark: _Toc153282119][bookmark: _Toc241009461]2.2.2.7.1	General


As defined in Report ITU-R M.2514, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). It is defined as the one-way time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state. 


In addition to compliance with the above requirement, the proponent may provide indication that the Satellite Radio Interface is able to support larger latencies, e.g. up to 650 ms, and may operate with a range of relevant satellite orbits.








[bookmark: _Toc153282120][bookmark: _Toc568843586]2.2.2.7.2	User plane latency


 


[bookmark: _Toc21288728][bookmark: _Toc907052808]2.2.2.7.2.2	Downlink


 


[bookmark: _Toc21288729] 


[bookmark: _Toc835168238]2.2.2.7.2.3	Uplink


 





			5GIF Observations 





Based on the assessment,














[bookmark: _Toc153282121][bookmark: _Toc652858320]2.2.2.7.3	Control plane latency





[bookmark: _Toc153282122]





			5GIF Observations 





Based on the assessment,














2.2.2.8 [bookmark: _Toc1008446357]Energy efficiency





[bookmark: _Toc153282123][bookmark: _Toc1296012970]2.2.2.8.1 	General





[bookmark: _Toc153282124][bookmark: _Toc476307401]2.2.2.8.2	Network side





[bookmark: _Toc21288744][bookmark: _Toc153282125][bookmark: _Toc677390410]2.2.2.8.3	Device side








			5GIF Observations 





Based on the assessment,

















2.2.2.9 [bookmark: _Toc153282126][bookmark: _Toc605446309]Mobility





			5GIF Observations 





Based on the assessment,

















[bookmark: _Toc153282127]


2.2.2.10 [bookmark: _Toc1165945169]Mobility interruption time


[bookmark: tsgNames][bookmark: _Toc153282128]





			5GIF Observations 





Based on the assessment,

















[bookmark: _Toc1122060499][bookmark: _Toc153282129] Evaluation of mMTC-s technical performance





2.2.2.11 [bookmark: _Toc1492325535]Connection density








			5GIF Observations 





Based on the assessment,














[bookmark: _Toc2069437368][bookmark: _Toc153282133]
2.2.4  Evaluation of HTC-s technical performance





2.2.4.1 [bookmark: _Toc153282134][bookmark: _Toc603431708]Reliability





			5GIF Observations 





Based on the assessment,














[bookmark: _Toc153282138][bookmark: _Toc1734364213]2.2.5    Evaluation of generic requirements


[bookmark: _Toc153282139]


[bookmark: _Toc1588491364]2.2.5.1 Service aspects





[bookmark: _Toc153282140]


[bookmark: _Toc975717256]2.2.5.2 Bandwidth








			5GIF Observations 





Based on the assessment,

















[bookmark: _Toc153282143][bookmark: _Toc1065504832]2.2.5.3 Spectrum











			5GIF Observations 





Based on the assessment,











[bookmark: _Toc153282146][bookmark: _Toc964064785]
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Part I





Name of the Evaluation Group:  5G India Forum (5GIF)


[bookmark: _30j0zll]


About the IEG





5G India Forum (5GIF) has been established under the aegis of the Cellular Operators Association of India (COAI) aiming to become the leading force in the development of next generation communications and will enable synergizing national effort. It is expected to play a significant role in shaping the strategic, commercial, and regulatory development of the 5G ecosystem in India. 





5GIF is one of the registered as Independent Evaluation Groups (IEGs) for contributing to Satellite Component of IMT-2020 development of ITU-R through independent evaluation of the IMT2020 candidate technologies.  





The IEG includes telecom operators, OEM’s, universities, and individual subject experts participating for the evaluation of the candidate IMT-2020 technologies of interest. This is a contribution driven activity, with decisions made through a consensus seeking approach.





[bookmark: _1fob9te]Method of Work


[bookmark: _3znysh7]


[bookmark: _2et92p0]The group employed both online and offline means for meetings. The group worked through online and offline means, while adhering to the evaluation guidelines by ITU-R WP4B.





During the evaluation phase, 5GIF coordinated with other IEGs to discuss the development. Three IEG coordination meetings were held 28th March, 27th June, 28th August before the submission of the final report. 





5GIF would like to acknowledge all the members of the 5GIF IEG to their valuable input contributions and evaluation work. We would like to acknowledge Prof. Navin Kumar and his students from Amrita University for their support in developing the 5GIF evaluation report.








Contact details:





Contact person(s):





Chair,  5GIF IEG: 


Dr. Sendil Kumar, 


imt2020@5gindiaforum.in 





Mr. Vikram Tiwathia,  


vtiwathia@coai.in





Related web site (if available):


https://www.5gindiaforum.in/





 




















Part – II


Technical Report


[bookmark: _tyjcwt]


This part of the report covers the technical aspects of the evaluation report. This document is the initial evaluation report of the satellite radio interface (SRI) of IMT 2020 candidate technology - 3GPP 5G NTN submitted by 3GPP. In this interim report, we have evaluation results of the candidate submissions and observations on the information from the Satellite IMT2020 specifications as provided by 3GPP in their ITU-R submissions and self-evaluation reports submitted.


[bookmark: _3dy6vkm]


The 5GIF IEG utilized the ITU-R Guidelines for evaluation of satellite radio interface technologies for IMT-2020 SAT provided in ITU-R Report M.2412 and M.2514. 





A. Satellite component of IMT-2020 candidate technologies





Table-A: Satellite component of IMT-2020 candidate technologies





			RIT/SRIT Proponent


			Submission of Documents & 


Acknowledgement of Submission 


5G NTN IMT-2020


			Remarks





			3GPP 5G NTN (SRIT)


			 Document IMT-2020-SAT/3​ 


Candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 1 (SRIT))


			





			


			 Acknowledgement IMT-2020-SAT/3 - Acknowledgement of candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 1 (SRIT))


			





			3GPP 5G NTN  (RIT)


			Document IMT-2020-SAT/4  - Candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 2 (RIT))


			





			


			Acknowledgement IMT-2020-SAT/4 - Acknowledgement of candidate submission from Alliance for Telecommunications Industry Solutions under Step 3 of the satellite IMT-2020 process (3GPP 5G NTN candidate for inclusion in the satellite component of IMT-2020: submission 2 (RIT))


			


















B. Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU-R M.2514





The 5GIF IEG confirms that it has evaluated the candidate technologies as well as evaluated the submissions from proponents based on the Reports ITU-R M.2514, 








			Characteristic for evaluation


			High-level assessment method


			Evaluation methodology (M.2514)


			Related section of Reports
M. 2412 





			Peak data rate


			Analytical


			§ 7.2.1


			M.2412, § 7.2.2 





			Peak spectral efficiency


			


			§ 7.2.2


			M.2412, § 7.2.1





			User experienced data rate*


			


			§ 7.2.3


			M.2412, § 7.2.3





			Area traffic capacity


			


			§ 7.2.6


			M.2412, § 7.2.4





			User plane latency


			


			§ 7.2.7.1


			M.2412, § 7.2.6





			Control plane latency


			


			§ 7.2.7.2


			M.2412, § 7.2.5





			Mobility interruption time


			


			§ 7.2.12


			M.2412, § 7.2.7





			Energy efficiency


			Inspection


			§ 7.2.9


			M.2412, § 7.3.2





			Bandwidth


			


			§ 7.2.13


			M.2412, § 7.3.1





			Average spectral efficiency


			Simulation


			§ 7.2.5


			M.2412, § 7.1.1





			5th percentile user spectral efficiency


			


			§ 7.2.4


			M.2412, § 7.1.2





			Connection density


			


			§ 7.2.8


			M.2412, § 7.1.3





			Reliability


			


			§ 7.2.10


			M.2412, § 7.1.5





			Mobility


			


			§ 7.2.11


			M.2412, § 7.1.4














[bookmark: _1t3h5sf]C. Documentation of any additional evaluation methodologies that are or might be developed by the IEG to complement the evaluation guidelines





[bookmark: _4d34og8]D. Verification as per Report ITU-R M.2514 of the compliance templates and the self-evaluation of the 3GPP candidate technology. 


















[bookmark: _2s8eyo1]Chapter 1 Verification of Compliance Templates of Candidate Technologies





In this chapter, we have reported our observations on the submissions of the candidate technologies 3GPP 5G NTN RIT and SRIT.


This chapter verifies the following aspects like – gaps and deficiencies in the templates – link budget, characteristic and compliance templates as well as ambiguous parts of the submissions which need sufficient clarifications from the proponents to independently evaluate the technology as per M.2514. recommendations.


[bookmark: _17dp8vu]1.1 Candidate technologies – 3GPP 5G NTN- SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4)


[bookmark: _3rdcrjn]Proponent: 3GPP 





The 3GPP RIT submission documented in IMT-2020-SAT/4 is based on the NR radio interface technology and the 3GPP SRIT submission in IMT-2020-SAT/4 is based on NR NTN and NB-IoT satellite access and eMTC satellite access.









[bookmark: _26in1rg]Chapter 2 Assessment of Candidate technology by 3GPP 5G NTN- SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4) 








In this chapter, we provide our detailed assessment of IMT-2020-SAT/4, this refers to the NR NTN. This single technology is designed to address the eMBB-s, mMTC-s and HRC-s usage scenarios. 





[bookmark: _lnxbz9]2.1 Compliance Templates





This section provides templates for the responses that are needed to assess the compliance of a candidate RIT or SRIT with the minimum requirements of IMT-2020. This assessment is independently done based on the characteristic template and 3GPP specifications referred in the submission by the proponents in 3GPP 5G NTN (SRIT (IMT-2020-SAT/3) and 5G NTN- RIT (IMT-2020-SAT/4)).


The compliance templates are based on ITU-R M.2514:


· Compliance template for services;


· Compliance template for spectrum; and,


· Compliance template for technical performance





As per the ITU-R Report M.2514, Section 8.2.6, the summary based on our evaluation is as below: 


[bookmark: _35nkun2]2.1.1 Services 





(M.2514 - Compliance template for services 8.2.6.1)





			M.2514 Section


			Service-related minimum capabilities within the satellite radio interface(s)


			5GIF comments





			8.2.6.1


			Support of a wide range of services


Does the proposal support a wide range of services?


Yes





			3GPP NR NTN RIT can support eMBB-s, HRC-s and mMTC-s usage scenarios, considering that self-evaluation results show that the minimum requirements are met for the three test environments- eMBB-s, HRC-s and mMTC-s.








			  








[bookmark: _1ksv4uv]2.1.2 Spectrum 


(M.2514 - Compliance template for spectrum 8.2.6.2)





			M.2514 Section


			Spectrum capability requirements 


			5GIF comments





			8.2.6.2


			Spectrum bands


Is the proposal able to utilize at least one band identified for IMT?


Yes


Specify in which band(s) the candidate satellite radio interface(s) can be deployed


			


From release 18 TS 38.108 section 5.2, the following bands are supported-


· n254 - 1610 MHz – 1626.5 MHz (UL) / 2483.5 MHz – 2500 MHz (DL)


· n255 - 1626.5 Mz-1660.5 MHz (UL) / 1525 MHz-1559MHz (DL)


· n256 – 1980 MHz -2010 MHZ (UL)/2170-2200MHz (DL)








 [image: ]
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[bookmark: _44sinio]2.1.3 Technical Performance (M.2514 - Compliance template for technical performance from 8.2.6.3)


			[bookmark: _2jxsxqh]Minimum technical requirements items


			Category


			Required value 


			Value 


			Requirement met?


			[bookmark: _z337ya]Comments








			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			Peak data rate


			eMBB-s


			N/A


			Uplink


			2 Mbit/s


			2.67 Mbit/s


			Yes


			





			


			


			


			Downlink


			70 Mbit/s


			111 Mbit/s


			Yes


			





			Peak spectral efficiency


			eMBB-s


			N/A


			Uplink


			1.5 bit/s/Hz


			1.85 bit/s/Hz


			Yes


			





			


			


			


			Downlink


			3 bit/s/Hz


			3.71 bit/s/Hz


			Yes


			





			User experienced data rate


			eMBB-s


			Rural


			Uplink


			100 kbit/s


			196.8 kbits/s


			Yes


			





			


			


			


			Downlink


			1 Mbit/s


			1.365 Mbit/s


			Yes


			





			5th percentile user spectral efficiency


			eMBB-s


			Rural


			Uplink


			0.003 bit/s/Hz


			0.00656 bits/s/Hz


			Yes


			





			


			


			


			Downlink


			0.03 bit/s/Hz


			0.455 bits/s/Hz


			Yes


			





			Average spectral efficiency


			eMBB-s


			Rural


			Uplink


			0.1 bit/s/Hz


			0.103


			Yes


			FRF=3, see section 2.2.2





			


			


			


			Downlink


			0.5 bit/s/Hz


			0.525


			Yes


			FRF=3, see section 2.2.2





			Area traffic capacity


			eMBB-s


			Rural


			Uplink


			1.5 kbit/s/km²


			1.767


			Yes


			FRF=3, see section 2.2.2





			


			


			


			Downlink


			8 kbit/s/km²


			9.005


			Yes


			





			User Plane latency


			eMBB-s


			N/A


			N/A


			10 ms


			6.71 ms


			Yes


			





			Control Plane latency


			eMBB-s


			N/A


			N/A


			40 ms 


			22.36 ms


			Yes


			





			Connection density


			mMTC-s


			Rural


			N/A


			500 devices/km²


			23928 (FRF=3) 


			Yes


			





			Energy efficiency


			eMBB-s


			N/A


			N/A


			High sleep ratio and long sleep duration


			


99.4% sleep ratio


			Yes


			





			Reliability


			HRC-s


			Rural


			N/A


			1-10−3


			99.97


			Yes


			





			Mobility – UE speed


			eMBB-s


			Rural


			N/A


			250 km/h


			250


			Yes


			





			Mobility - Traffic channel link data rate


			eMBB-s


			Rural


			N/A


			0.005 bit/s/Hz


			0.0884 (FRF=3)


			Yes


			





			Mobility interruption time


			eMBB-s


			N/A


			N/A


			50 ms


			0 ms 


			Yes


			





			Bandwidth


			N/A


			N/A


			N/A


			At least up to and including 30 MHz


			30 MHz


			Yes


			








[image: ]
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[bookmark: _3j2qqm3]Conclusion


The evaluation results in this report show that 3GPP NTN RIT meets the minimum requirement of satellite IMT-2020 technology. Therefore, 5GIF confirms that the “3GPP NTN RIT” proposed by 3GPP meets the minimum requirements of satellite IMT-2020 technology.








2.2 Detailed Technical Evaluation





[bookmark: _1y810tw]This section provides the details of the evaluation and 5GIF findings on the 3GPP 5G NTN candidate SRIT (IMT-2020-SAT/3) and RIT (IMT-2020-SAT/4).





Technical Performance calculated in this section are:





1. Peak Spectral Efficiency


2. Peak Data Rate


3. 5th Percentile User Spectral Efficiency


4. Average spectral efficiency


5. User Experienced Data Rate


6. Area Traffic Capacity


7. Control & User Plane Latency


8. Energy Efficiency


9. Connection Density


10. Reliability


11. Mobility 


12. Mobility Interruption Time


13. Bandwidth








2.2.2 Evaluation of eMBB-s technical performance





[bookmark: _4i7ojhp]2.2.2.1 Peak spectral efficiency 





As defined in Report ITU-R M.2514, peak spectral efficiency is the maximum data rate under ideal conditions normalized by the assigned bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assignable to a single mobile station, when up to all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots and guard bands).


When only one component carrier is in use, the generic formula for peak spectral efficiency is given by:





[bookmark: _2xcytpi]	 	


wherein


· Rmax is the maximum code rate


·  is the maximum number of layers


·  is the maximum modulation order


·  is the scaling factor can at least take the values 1 and 0.75. 


· [bookmark: _1ci93xb] is the numerology (as defined in TS 38.211 [3])


·  is the average OFDM symbol duration in a subframe for numerology , i.e . , assuming normal cyclic prefix


·  is the maximum RB allocation in bandwidth with numerology  and  is the UE supported maximum bandwidth in a given band.


·  is the overhead calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH, reference signals, etc. with respect to the total number of REs in the effective bandwidth time product as given by .


The peak spectral efficiency of NR satellite access is evaluated based on an analytical method. Unlike a terrestrial system, where conditions close to ideal be achieved, for an NTN system the minimum orbit height will result in a signal-to-noise ratio where the theoretical maximum is not achievable. 





Evaluation methodology





The proponent should report the peak spectral efficiencies achievable by the candidate RITs/SRITs and identify the assumed frequency band(s) of operation and the assigned DL and UL bandwidths in that(those) band(s). 





Proponents should demonstrate that the peak spectral efficiency requirement can be met for, at least, one declared carrier frequency.


  


The evaluation assumptions for the ideal conditions can be found in Table 2.2.2.1-1.





[bookmark: _3whwml4]Table 2.2.2.1-1: NR Parameters for peak spectral efficiency and peak data rate evaluation


			Parameters


			DL


			UL


			Remarks





			Max. coding rate Rmax


			[666/1024 - 822/1024]


			[434/1024 - 553/1024]


			





			Max. number of layers 


			1


			





			Highest modulation order 


			6


			4


			DL: 64QAM


UL: 16QAM





			Scaling factor of modulation 


			1


			





			Numerology


 


			0


			SCS = 15 kHz





			Maximum RB allocation





			160 


			8


			For UL, 8 PRBs out of the full bandwidth is assigned per UE





			Overhead (OH)


			0.14


			0.08


			See 38.306, clause 4.1.2





			Elevation angle


			90°


			





			Orbit height [km]


			600


			





			Frequency [GHz]


			2.00


			





			TX: EIRP [dBm]


			78.77


			23.00


			





			RX: G/T [dB/T]


			-31.62


			1.10


			





			Atmospheric loss [dB]


			0


			





			Shadow fading margin [dB]


			0


			





			Scintillation loss [dB]


			0


			





			Polarization loss [dB]


			0


			





			Additional losses [dB]


			0


			














The evaluation results for Peak spectral efficiency for DL and UL can be found in Table 2.2.2.1-2. 





Table 2.2.2.1-2:   NR satellite access peak spectral efficiency (bit/s/Hz)


			Link


			SCS [kHz]


			BW [MHz/RB]


			Peak spect. eff. (bits/s/Hz)


			Req.





			DL


			15


			30 / 160


			3.71


			3





			UL


			15


			1.44 / 8


			1.85


			1.5











Based on the above analysis, NR satellite access fulfils peak spectral efficiency requirement for both DL and UL.








[bookmark: _2bn6wsx]2.2.2.2 Peak data rate





Peak data rate for NR NTN is evaluated based on the evaluation results of NR satellite access peak spectral efficiency provided in Section 4.1.1. Using the analytical way as provided in Report ITU-R M.2514 DL peak data rate is calculated as:


	


Evaluation Methodology-


The proponent should report the peak data rate values achievable by the candidate RITs/SRITs and identify the assumed frequency band(s) of operation and the assigned DL and UL bandwidths in that(those) band(s).


Proponents should demonstrate that the peak data rate requirement can be met for, at least, one declared carrier frequency.


Suitable evaluation parameters should be used and reported by the proponent, using examples provided in § 8.2 [Report ITU-R M.2514] (associated to the Rural-eMBB-s test environment) as needed.





The evaluation results for peak data rate for DL and UL can be found in Table 2.2.2.2-1.  


Table 2.2.2.2-1: NR satellite access Peak data rate (Mbit/s)


			Link


			SCS [kHz]


			BW [MHz/RB]


			Peak data rate (Mbit/s)


			Req.





			DL


			15


			30 / 160


			111


			70





			UL


			15


			1.44 / 8


			2.67


			2











Based on the above analysis, NR satellite access fulfils peak data rate requirements for both DL and UL. 











[bookmark: _qsh70q]2.2.2.3 5th percentile user spectral efficiency 





The 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth, and is measured in bit/s/Hz.





Table 2.2.2.3-1 lists the simulation results for 5th percentile user spectral efficiency.





Table 2.2.2.3-1: Simulation results for 5th percentile user spectral efficiency





			​


			IMT-2020 Req. (bit/s/Hz)​


			Results for FRF=1 (bit/s/Hz)​


			Results for FRF=3 (bit/s/Hz)​





			DL ​


			0.03​


			0.0274​


			0.0455​





			UL​


			0.003​


			0.00391​


			0.00656​














			5GIF Observations 


Based on the assessment, NR NTN passes the requirement for FRF=3 only.














[bookmark: _3as4poj]2.2.2.4 Average spectral efficiency 


[bookmark: _1pxezwc]


Average spectral efficiency is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP.


In the context of a satellite component radio interface, a TRxP (transmission and reception point) refers to a beam generated by the satellite.


The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor.





Table 2.2.2.4-1 lists the simulation results for 5th percentile user spectral efficiency.






Table 2.2.2.4-1: Simulation results for average spectral efficiency





			​


			Min. Req. (bit/s/Hz)​


			Results for FRF=1 (bit/s/Hz)​


			Results for FRF=3 (bit/s/Hz)​





			DL ​


			0.5​


			0.629​


			0.525​





			UL​


			0.1​


			0.0727​


			0.103​



































			5GIF Observations 


Based on the assessment, NR NTN passes the requirement for FRF=3 only.











2.2.2.5 User experienced data rate


[bookmark: _2p2csry]User experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time.


Assuming one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate should be derived from the 5th percentile user spectral efficiency through equation (1). Let W denote the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:


		                                                 


                                                                         





Table 2.2.2.5-1 lists the simulation results for 5th percentile user spectral efficiency.





Table 2.2.2.5-1: Simulation results for user experienced data rate


 


			


			Min. Req. (Mbit/s)​


			Results for FRF=1 (Mbit/s)​


			Results for FRF=3 (Mbit/s)​





			DL ​


			1​


			0.822​


			1.365​





			UL​


			0.1​


			0.1173​


			0.1968​











			5GIF Observations 


Based on the assessment, NR NTN passes the requirement for FRF=3 only.














[bookmark: _147n2zr]2.2.2.6 Area traffic capacity





Area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/km2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.


This can be derived assuming one frequency band and one TRxP layer, based on the achievable average spectral efficiency, network deployment (e.g. TRxP (site) density) and bandwidth.


Let W denote the channel bandwidth and ρ the TRxP density (TRxP/m2). The area traffic capacity Carea is related to average spectral efficiency SEavg as follows: 


	


                                                                     





Table 2.2.2.6-1 lists the simulation results for area traffic capacity based on the above expression and values from section 2.2.2.4.








Table 2.2.2.6-1: Simulation results for area traffic capacity





 


			​


			IMT-2020 Req. (kbit/s/km2)​


			Results for FRF=1 (kbit/s/km2)​


			Results for FRF=3 (kbit/s/km2)​





			DL ​


			8​


			10.789​


			9.005​





			UL​


			1.5​


			1.247​


			1.767​














			5GIF Observations 


Based on the assessment, NR NTN passes the requirement for FRF=3 only.















[bookmark: _3o7alnk]2.2.2.7 Latency


[bookmark: _23ckvvd]As defined in Report ITU-R M.2514, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). It is defined as the one-way time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state. 


In addition to compliance with the above requirement, the proponent may provide indication that the Satellite Radio Interface is able to support larger latencies, e.g. up to 650 ms, and may operate with a range of relevant satellite orbits.





[bookmark: _ihv636]User plane latency


The evaluation of NR satellite access user plane latency is based on the procedure illustrated in Figure 2.2.2.7.2-1.


[image: ]


Figure 2.2.2.7.2-1: User plane procedure for evaluation


According to Report  ITU-R M.2514, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). It is defined as the one-way time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink in the network for a given service in unloaded conditions, assuming the mobile station is in the active state.


For the NR satellite access user plane latency evaluation, the following assumptions are considered:


–	It is assumed that the packet arrives at any time of any OFDM symbol. For the maximum symbol alignment time, one symbol length is added at the beginning of the procedure. 


–	The transmission of PDCCH, PDSCH, PUCCH, PUSCH cannot be across the slot. Otherwise, the transmission will wait for the next slot.


–	The PDSCH/PUSCH allocation assumes slot-based scheduling.


–	Resource mapping type A is considered.


–	UE processing capability 1 is considered.


–	The subcarrier spacing is 15 kHz.


–	It is assumed that PDCCH monitoring occasion occurs at every OFDM symbol in the evaluation.


–	It is assumed that HARQ feedback is disabled, i.e., packet retransmissions are not considered.


–	It is assumed that an initial error probability is 0.


–	It is assumed that satellite on-board delay can be considered negligible.


–	Grant-free allocation is assumed in uplink.





The calculation of the user plane latency, for 15 kHz SCS in downlink and uplink directions is provided in the following tables, based on the above assumptions.





Table: Downlink and uplink user plane latency for NR satellite access for LEO satellite at 600 km altitude


			Description


			Duration (ms)





			Initial symbol alignment


			0.0714





			gNB processing delay:


, where  is defined in TS 38.214, Section 6.4, with  ,  and  


			0.3568





			Downlink frame alignment, assuming 1 ms slot duration: 


			1





			TTI for downlink data packet transmission: 


			1





			One way propagation delay: , where   as per minimum round-trip delay for LEO satellite at 600 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			4





			UE processing delay:


, where  is defined in TS 38.214, Section 5.3, with  ,  and  


			0.2854





			Total one-way user plane latency: 


			6.7136











Based on the above evaluation results, it is confirmed that with LEO satellite at 600 km altitude, the proposed RIT meets the minimum requirement for user plane latency which is 10ms for both downlink and uplink.





Downlink and uplink user plane latency for NR satellite access for LEO satellite at 500 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for LEO satellite at 500 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			3.33





			Total one-way user plane latency: 


			6.0436


















Downlink and uplink user plane latency for NR satellite access for LEO satellite at 1200 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for LEO satellite at 1200 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			8





			Total one-way user plane latency: 


			19.2536














Downlink and uplink user plane latency for NR satellite access for GEO satellite at 36000 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for GEO satellite at 36000 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			240





			Total one-way user plane latency: 


			242.7136











[bookmark: _32hioqz]The calculation of the user plane latency, for 30 kHz SCS in downlink and uplink directions is provided in the following tables, based on the above assumptions.








Downlink and uplink user plane latency for NR satellite access for LEO satellite at 600 km altitude


			Description


			Duration (ms)





			Initial symbol alignment


			0.0714





			gNB processing delay:


, where  is defined in TS 38.214, Section 6.4, with  ,  and  


			0.214





			Downlink frame alignment, assuming 1 ms slot duration: 


			1





			TTI for downlink data packet transmission: 


			1





			One way propagation delay: , where   as per minimum round-trip delay for LEO satellite at 600 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			4





			UE processing delay:


, where  is defined in TS 38.214, Section 5.3, with  ,  and  


			0.1784





			Total one-way user plane latency: 


			6.6464








Based on the above evaluation results, it is confirmed that with LEO satellite at 600 km altitude, the proposed RIT meets the minimum requirement for user plane latency which is 10ms for both downlink and uplink.





Downlink and uplink user plane latency for NR satellite access for LEO satellite at 500 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for LEO satellite at 500 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			3.33





			Total one-way user plane latency: 


			5.7938











Downlink and uplink user plane latency for NR satellite access for LEO satellite at 1200 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for GEO satellite at 1200 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			8





			Total one-way user plane latency: 


			19.4638














Downlink and uplink user plane latency for NR satellite access for GEO satellite at 36000 km altitude


			Description


			Duration (ms)





			One way propagation delay: , where   as per minimum round-trip delay for GEO satellite at 36000 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			240





			Total one-way user plane latency: 


			242.4638











Table 2.2.2.7.2-2: DL and UL user plane latency for NR satellite access (ms)


			Resource mapping Type A


			UE processing capability 1





			


			SCS





			


			15 kHz





			30 kHz








			M = 14 
(14OS slot)


			600 km LEO


			6.93


			6.6464





			


			500 km LEO


			6.0436


			5.7938





			


			1200 km LEO


			19.2536


			19.4638





			


			36000 km GEO


			242.7136


			242.4638











			5GIF Observations 


Based on the assessment, it can be observed that the UL and DL user plane latency will be the least for 500 km LEO, 30 kHz SCS.











[bookmark: _1hmsyys]Control plane latency


According to Report ITU-R M.2514, control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).


In the context of 5G NR satellite access, the respective states are RRC_IDLE or RRC_INACTIVE and RRC_CONNECTED. The control plane latency is evaluated from RRC_INACTIVE to RRC_CONNECTED transition. The following additional assumptions are considered in the evaluation:


–	Resource mapping type A is assumed.


–	UE processing capability 1 is assumed.


–	The subcarrier spacing is 15 kHz.


–	2-step random access is used.


–	Satellite on-board delay is considered negligible.





The calculation of the control plane latency, for 15 kHz SCS in downlink and uplink directions is provided the following tables, based on the above assumptions.





Control plane latency for NR satellite access for LEO satellite at 600 km altitude


			Description


			Duration (ms)





			Delay due to RACH scheduling period. It is assumed that the transition procedure begins from the transmission of RACH preamble, thus RACH scheduling period can be ignored.


			0





			UE processing delay for L1 encoding of RRC Resume Request:


, where  is defined in TS 38.214, Section 6.4, with  ,  and  


			0.3568





			Transmission of RACH preamble: 


			1





			PRACH-to-PUSCH offset: 


Given that the RACH preamble transmission is 14 symbols and the minimum time between PRACH and PUSCH for MsgA is 2 OFDM symbols for , at least one slot offset should be considered between PRACH and PUSCH, as defined by msgA-PUSCH-TimeDomainOffset.


			1





			Transmission of PUSCH payload: 


			1





			One way propagation delay, UE 🡪 gNB: , where   as per minimum round-trip delay for LEO satellite at 600 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			4





			MsgA detection and processing delay in gNB (preamble, L2 and RRC): 


			3





			Transmission of MsgB: 


			1





			One way propagation delay, gNB 🡪 UE: 


			4





			UE processing delay of RRC Resume, including RA Response:  


			7





			Transmission of RRC Resume Complete and data


			0





			Total control plane latency:





			22.3568











Based on the above evaluation results, it is confirmed that with LEO satellite at 600 km altitude, the proposed RIT meets the minimum requirement for control plane latency which is 40 ms.





In addition to the above calculations for the 600 km altitude LEO satellite, the calculations for the user plane latency for GEO satellite with transparent payload at 36000 km altitude are provided in the following tables downlink and uplink, respectively.





Control plane latency for NR satellite access for LEO satellite at 500 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			3.33





			One way propagation delay, UE 🡪 gNB: 


			3.33





			Total control plane latency:





			21.0168














Control plane latency for NR satellite access for LEO satellite at 1200 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			8





			One way propagation delay, UE 🡪 gNB: 


			8





			Total control plane latency:





			30.3568











Control plane latency for NR satellite access for GEO satellite at 36000 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			240





			One way propagation delay, UE 🡪 gNB: 


			240





			Total control plane latency:





			494.3568











[bookmark: _41mghml]The calculation of the control plane latency, for 30 kHz SCS in downlink and uplink directions is provided the following tables, based on the above assumptions.





Control plane latency for NR satellite access for LEO satellite at 600 km altitude


			Description


			Duration (ms)





			Delay due to RACH scheduling period. It is assumed that the transition procedure begins from the transmission of RACH preamble, thus RACH scheduling period can be ignored.


			0





			UE processing delay for L1 encoding of RRC Resume Request:


, where  is defined in TS 38.214, Section 6.4, with  ,  and  


			0.1784





			Transmission of RACH preamble: 


			1





			PRACH-to-PUSCH offset: 


Given that the RACH preamble transmission is 14 symbols and the minimum time between PRACH and PUSCH for MsgA is 2 OFDM symbols for , at least one slot offset should be considered between PRACH and PUSCH, as defined by msgA-PUSCH-TimeDomainOffset.


			1





			Transmission of PUSCH payload: 


			1





			One way propagation delay, UE 🡪 gNB: , where   as per minimum round-trip delay for LEO satellite at 600 km altitude, transparent payload, defined in TR 38.821, Table 7.1.1 


			4





			MsgA detection and processing delay in gNB (preamble, L2 and RRC): 


			3





			Transmission of MsgB: 


			1





			One way propagation delay, gNB 🡪 UE: 


			4





			UE processing delay of RRC Resume, including RA Response:  


			7





			Transmission of RRC Resume Complete and data


			0





			Total control plane latency:





			22.1784








In addition to the above calculations for the 600 km altitude LEO satellite, the calculations for the user plane latency for GEO satellite with transparent payload at 36000 km altitude are provided below. 





Control plane latency for NR satellite access for LEO satellite at 500 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			3.33





			One way propagation delay, UE 🡪 gNB: 


			3.33





			Total control plane latency:





			20.8384














Control plane latency for NR satellite access for LEO satellite at 1200 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			8





			One way propagation delay, UE 🡪 gNB: 


			8





			Total control plane latency:





			30.1784














Control plane latency for NR satellite access for GEO satellite at 36000 km altitude


			Description


			Duration (ms)





			One way propagation delay, gNB 🡪 UE: 


			240





			One way propagation delay, UE 🡪 gNB: 


			240





			Total control plane latency:





			494.1784











Table 2.2.2.7.2-2: DL and UL control plane latency for NR satellite access (ms)


			Resource mapping Type A


			UE processing capability 1





			


			SCS





			


			15 kHz


			30 kHz





			M = 14 
(14OS slot)


			600 km LEO


			22.3568


			22.1784





			


			500 km LEO


			21.0168


			20.8384





			


			1200 km LEO


			30.3568


			30.1784





			


			36000 km GEO


			494.3568


			494.1784











			5GIF Observations 


Based on the assessment, the control plane latency is the least for 30 kHz SCS, 500 km LEO for M =14 OS slot. 











[bookmark: _2grqrue]2.2.2.8 Energy efficiency





[bookmark: _vx1227]As defined in Report ITU-R M.2514, Network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics.


The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration.


The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signalling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. The sleep duration is the continuous period with no transmission (for network and device) and reception (for the device).





[bookmark: _3fwokq0]Network side


The sleep ratio and sleep duration for NR satellite access network under unloaded case are evaluated.


When no data transfer takes place, NR satellite access network will keep periodical transmission of SS/PBCH blocks and SIB1 (remaining minimum system information), as well as paging signal for UEs to detect and access the radio network. We have evaluated the following mechanisms for SS/PBCH block, SIB1 and Paging for 15 kHz SCS.


			For SS/PBCH block transmission, the following configurations are considered in evaluation in FR1.





			- One SS/PBCH block occupies 4 OFDM symbols with 20 RBs in one slot.





			One or multiple SS/PBCH block(s) compose an "SS burst set" (SSB set).


-	Denote L as the number of SS/PBCH blocks in an SSB set, where L can be 1~ 64. For below 3 GHz, the maximum value of L is 4; for below 7.125 GHz, the maximum value of L is 8.








			-	One SSB set transmission is confined to a half radio frame (5 ms) window





			-	The SSB set periodicity (PSSB) can be configured to be {5, 10, 20, 40, 80, 160} ms  





			The following mapping is used in a half radio frame for 15 kHz SCS


-	2 SS/PBCH blocks are transmitted in one slot. And the L SS/PBCH blocks in an SSB set is transmitted in successive slots from the first slot in one SSB set period.














			For SIB1 transmission, the following configurations are considered in evaluation.





			One SIB1 transmission occupies 2 OFDM symbols in one slot.





			SIB1 is multiplexed with SS/PBCH block using the following ways:


-	SIB1 is time division multiplexed (TDMed) with SS/PBCH block. 


-	SS/PBCH block and SIB1 could be transmitted in the same slot





			SIB1 periodicity (PSIB1) is assumed as follows: 


-	20ms for SSB set periodicity less than or equal to 20ms;  


-	Otherwise SIB1 periodicity equals to SSB set periodicity.





			The following mapping is used 


-	One SIB1 transmission corresponds to one SS/PBCH block


-	If L SS/PBCH block is transmitted, then L SIB1 transmissions are required.


-	One slot accommodates 2 SIB1 transmissions.





			The offset of SIB1 transmission can be set as {0, 2, 5, 7}ms with respect to every 20ms time point. In the evaluation, the offset value that allows the closest SIB1 transmission to SS/PBCH block transmission is selected.





			For paging occasion, 


-	The periodicity of paging occasion is the same as that of SSB set, and it is FDMed with an SS block.














Figure 2.2.2.8.2-1 illustrates NR SS/PBCH block and SIB1 transmission which employs the above-mentioned mechanism.
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Figure 2.2.2.8.2-1: Illustration of NR SS/PBCH block and SIB1 transmission.





[bookmark: _1v1yuxt]Evaluation of sleep ratio





Based on the above mechanisms, the sleep ratio per slot basis and per symbol basis are given as follows,





		


		


where  indicates the ceiling of x,  is the numerology (as defined in TS 38.211, e.g., μ=0 for 15 kHz SCS, L is the number of SS/PBCH blocks in one SSB set, PSSB is the SSB set periodicity, PSIB1 is the RSMI periodicity, and α = 1.


Evaluation results are shown in Table 2.2.2.8.2-1 and Table 2.2.2.8.2-2, respectively, for slot level and symbol level sleep ratio. It is observed that with SSB set period of 5ms, more than 80% of sleep ratio can be obtained by NR satellite access network; with SSB set period of larger than 10 ms, more than 90% of sleep ratio can be obtained by NR satellite access network. Higher sleep ratio is expected with finer sleep granularity, e.g., in symbol level. Note that a subset of configurations in terms of number of SSB per set is used to derive the results.


Therefore, NR network can achieve high sleep ratio in unloaded case.





[bookmark: 19c6y18][bookmark: 2u6wntf][bookmark: 4f1mdlm]





Table 2.2.2.8.2-1: NR satellite access network sleep ratio in slot level


			[bookmark: 28h4qwu][bookmark: 3tbugp1]SSB configuration


			SSB set periodicity PSSB





			SCS [kHz]


			Number of SS/PBCH block per SSB set, L


			5ms


			10ms





			15kHz 


			1


			80.00%


			90.00%





			


			2


			80.00%


			90.00%











Table 2.2.2.8.2-2: NR satellite access network sleep ratio in symbol level


			SSB configuration


			SSB set periodicity PSSB





			SCS [kHz]


			Number of SS/PBCH block per SSB set, L


			5ms


			10ms





			15kHz 


			1


			93.57%


			96.43%





			


			2


			87.14%


			92.86%











[bookmark: _nmf14n]


Evaluation of sleep duration





Based on the above mechanisms, evaluation results of sleep duration are provided in Table 2.2.2.8.3-1. It is observed that with SSB set period of 160 ms, more than 150 ms sleep duration can be obtained by NR satellite access network. Therefore, NR network can achieve long sleep duration in unloaded case.


Therefore, NR meets network side energy efficiency requirement.





[bookmark: 37m2jsg][bookmark: 1mrcu09]Table 2.2.2.8.3-1: NR satellite access network sleep duration (ms) in slot level


			SSB configuration


			SSB set periodicity PSSB





			SCS [kHz]


			Number of SS/PBCH block per SSB set, L


			5ms


			10ms





			15kHz 


			1


			4.00 


			9.00 





			


			2


			4.00 


			9.00 











[bookmark: _46r0co2]Device side





The sleep ratio and sleep duration for NR satellite access UEs under unloaded case are evaluated.


For NR, DRX is supported for UEs in idle, inactive and connected states.





[bookmark: _2lwamvv]Evaluation of sleep ratio





For idle state and inactive state, the UE should monitor one paging occasion per discontinuous reception (DRX) cycle (which equals to the paging cycle), and the UE can use DRX to reduce power consumption. Before paging receiving, the SSB monitoring is needed. Also, RRM measurement(s), including intra- and inter-cell shall be performed. 


The DRX cycle for idle state / inactive state UE consists of an "On Duration" during which the UE should perform SSB monitoring, paging monitoring and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. It is illustrated in Figure 2.2.2.8.3-1. 


Therefore, the sleep ratio is determined by the length of "On Duration" and the length of one paging cycle.





[image: ]


Figure 2.2.2.8.3-1: Illustration of DRX cycle in connected state


When DRX is used, the UE wakes up and receives SSB for synchronization, listens to PDCCH only on specific paging occasion defined in-terms of paging frame and subframe within period of NPC_RF radio frames defined by the DRX cycle (paging cycle) of the cell and performs RRM measurement. The UE can remain in sleep mode for remaining duration within DRX cycle.


For synchronization, one SSB-burst set is assumed for short paging cycle (e.g., 320ms). Further, it is assumed that synchronization signal can be located in the same slot as paging-on slot and UE can finish network synchronization before paging monitoring. For longer paging cycle, one SSB-burst can still be assumed. In addition, to improve synchronization accuracy, the case of two SSB-burst sets is also evaluated. In this case, UE needs additional time up to one SSB cycle for SSB reception.  


For paging monitoring, a paging occasion can consist of multiple time slots (e.g. slot or OFDM symbol) where paging DCI can be sent. In the evaluation, it is assumed that one paging occasion consists of one slot. On the other hand, one paging cycle consists of one or multiple Paging Frames. One Paging Frame may contain one or multiple paging occasion(s) or starting point of a PO. In the evaluation, it is assumed that one Paging Frame contains one paging occasion and time for paging monitoring is no longer than that of one SSB burst.


RRM measurement is based on SS/PBCH. In the evaluation, it is assumed that RRM measurement takes place in “On Duration” time, and the RRM measurement time is assumed to be 3ms for FR1 (see TS 38.133 ). 


In addition to the above procedure, transition time is needed for UE to switch on / off its components. 10ms transition time is assumed for evaluation; but further reduced value is possible.


Based on the above analysis, the idle mode sleep ratio is evaluated with the configurations shown in Table 2.2.2.8.3-1. It is observed that more than 90% sleep ratio is achieved in idle mode by NR device.





[bookmark: _111kx3o]Table 2.2.2.8.3-1: NR satellite access device sleep ratio in slot level (for idle / inactive mode)


			Paging cycle NPC_RF *10 (ms)


			SCS(kHz)


			SSB L


			SSB reception time(ms)


			SSB cycle (ms)


			Number of SSB burst set


			RRM measurement time per DRX (ms)


			Transition time(ms)


			Sleep ratio





			2560


			15


			2


			1


			 --


			1


			3


			10


			99.5%





			2560


			15


			2


			1


			160


			2


			3


			10


			93.2%











NOTE:	For SSB period, "--" is assumed that SSB reception is during DRX-On time.





For connected state, if there is no data transmission in either downlink or uplink direction, the DRX mode is switched on. 


The DRX cycle for connected state UE consists of an “On Duration” during which the UE should perform SSB monitoring, PDCCH monitoring (reflected as DRX-onDurationTimer), and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. Also, transition time is assumed in “On Duration”.  The connected mode sleep ratio for different DRX cycles is shown in Table 2.2.2.8.3-2. Therefore, NR device can achieve high sleep ratio for both idle/inactive state and connected state in unloaded case.





Table 2.2.2.8.3-2: NR satellite access device sleep ratio in slot level (for connected mode) 


			　


			DRX cycle TSC_ms * MSC (ms)


			Number of SSB burst set


			DRX-onDurationTimer(ms)


			RRM measurement time per DRX (ms)


			Transition time(ms)


			Sleep ratio





			[bookmark: _3l18frh]RRC-Connected


			320


			1


			2 


			3.5


			10


			95.2%





			


			320


			1


			10


			3


			10


			92.8%





			


			2560


			1


			100


			3


			10


			95.6%





			


			10240


			1


			1600


			3


			10


			84.2%











NOTE:	For SSB period, "--" is assumed that SSB reception is during DRX-On time.


[bookmark: _206ipza]


Evaluation of sleep duration





· The sleep duration for NR satellite access UE in idle mode is 2546ms for paging cycle of 2560ms with the assumed parameters.


· The sleep duration of NR satellite access UE in connected state is 8627ms for paging cycle of 10240ms with the assumed parameters.


· Consequently, NR satellite access device can achieve very long sleep duration in both idle mode and connected mode.


· It is therefore concluded that NR satellite access meets device side energy efficiency requirement.








			5GIF Observations 


Based on the assessment, NR NTN passes the requirement.














2.2.2.9 Mobility





As defined in in Report ITU-R M.2514, mobility is the maximum device speed at which a defined QoS can be achieved (in km/h). The QoS is defined as normalized traffic channel link data rate.


Both configurations with frequency reuse factor equal to 1 (FRF1) and frequency reuse factor equal to 3 (FRF3) are considered for mobility evaluation of the Rural-eMBB-s test environment. 


The evaluation results of mobility for NR satellite access for both evaluation configuration with FRF1 and FRF3 are provided in Table 2.2.2.9-1. It is observed that NR satellite access fulfils the mobility requirement under 250 km/h.











Table 2.2.2.9-1: Mobility rate map


 


			Mobility​


			Min Req.​


			Results for FRF=1 ​


			Results for FRF=3 ​





			Test environment​


			Rural eMBB-s​


			​


			​


			​





			UE Speed (km/h)​


			250 km/h​


			​


			​


			​





			Normalized traffic channel link data rate (bit/s/Hz)​


			​


			0.005​


			0.0215​


			0.0884​





			Residual packet error ratio​


			​


			<1%​


			0.54%​


			0.14%​





			Number of retransmissions ​


			​


			To be reported​


			5​


			3​











For detailed simulation parameters and assumptions, refer Annex I. In below figures, the CDF of SINR for uplink is shown for the evaluation of mobility of a UE moving at 250 kmph.
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Figure 2.2.2.9-2: CDF of UL





Figure 2.2.2.9-1 shows the ratemap for FRF=1 and FRF=3.
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Figure 2.2.2.9-1: Mobility ratemap for DL and UL








			5GIF Observations 


Based on the assessment, NR NTN passes the requirement.

















2.2.2.10 Mobility interruption time





[bookmark: 3ygebqi]As defined in Report ITU-R M.2514, mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during mobility transitions.


The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the user terminal and base station, as applicable to the candidate RIT/SRIT.


For NR satellite access, the mobility interruption time is evaluated without cell and satellite change for the beam mobility scenario.


When moving within the same cell, the transmitting/receiving beam pair of the UE may need to be changed. 


For DL data transmission during UE mobility, gNB can configure different beams for this UE at different slots. It ensures appropriate transmit beam allocation to the UE for continuous DL transmission. Therefore, DL data packet transmission is kept during beam pair switching at different slots.








[image: Reference architecture for multi-beam transmission in single-frequency... |  Download Scientific Diagram]


Figure 2.2.2.10-1: Beam footprint diagram





For UL data transmission, PUSCH is sent using the beam configured by SRI (SRS resource indicator) by gNB. Accordingly, an appropriate gNB-side beam is selected for UL data reception. gNB may select different beams, as shown in Figure 2.2.2.10-1, at different slots depending on the UE mobility. Therefore, UL data packet transmission is kept during beam pair switching at different slots.








			5GIF Observations 


Based on the assessment, the UE can keep exchanging user plane packets with gNB during the mobility transitions without cell and satellite change. Therefore, 0ms mobility interruption time is achieved by NR satellite access for this scenario.








2.2.3 Evaluation of mMTC-s technical performance





2.2.3.1 Connection density 


For connection density evaluations, we follow the procedure mentioned in Report ITU-R  M.2412 for only full buffer scenario. We obtain the CDF of pre-processing SINR for UL transmissions from SLS with both FRF =1 and FRF=3.


Evaluation Results


See details of the parameters assumed in Annex II. 




















Table 2.2.3.1-1: Results for NB-IoT over NTN


			Parameter


			Values





			


			For FRF = 1


			For FRF = 3





			Service Profile


			Full buffer


			Full buffer





			1 percentile pre-processing SINR


			-5.0023 dB


			5.5930dB





			System Bandwidth (W)


			0.18 MHz


			0.18 MHz





			99th Percentile Delay


			0.265 s


			0.035 s





			Inter-packet arrival time


			1 message/2 hours/device


			1 message/day/device


			1 message/2 hours/device


			1 message/day/device





			Connection Density


			541 Devices/ km2


			6498 Devices/ km2


			1994 Devices/ km2


			23,928 Devices/km2








	


Observation 1: The connection density requirement according to Report ITU-R  M.2514 is 500 Devices/km2 and 99th percentile delay requirement is less than 10s. We see that both the requirements are met for the case of mMTC NB-IoT over NTN for both FRF 1 and 3 with different inter-packet arrival times.






Table 2.2.3.1-2: Results for eMTC over NTN


			Parameter


			Values





			


			For FRF = 1


			For FRF = 3





			Service Profile


			Full buffer


			Full buffer





			1 percentile pre-processing SINR


			-5.1809dB


			3.6187dB





			System Bandwidth (W)


			1.08 MHz, 180 KHz


			1.08 MHz, 180 KHz





			99th Percentile Delay


			0.0341 s


			0.0042 s





			Inter-packet arrival time


			1 message/2 hours/device


			1 message/day/device


			1 message/2 hours/device


			1 message/day/device





			Connection Density


			2629 Devices/ km2 , 
438 Devices/ km2


			31554Devices/ km2 ,
5259 Devices/km2


			9306 Devices/ km2 , 
1551 Devices/ km2


			111,672 Devices/km2, 
18,612 Devices/km2








See detailed assumptions and paramters in Annex II.


Observation 2 (eMTC over NTN): The connection density requirement of 500 Devices/km2 and 99th percentile delay requirement of less than 10s is met for FRF=3 for all cases i.e., different system bandwidths and different inter-packed arrival time. For FRF = 1, the delay and connection density requirements are met for all configurations except for configuration with system bandwidth = 180 KHz and inter-packet arrival time of 1 message/2 hours/ device.


   


			5GIF Observations 


Based on the assessment, Both NB-IoT over NTN as well as eMTC over NTN can meet the requirements of eMTC Scenario














2.2.4 Evaluation of HRC-s Technical Performance





2.2.4.1 Reliability





The results for UL and DL reliability after LLS have been reported in Table 2.2.4.1-1. According to Report  ITU-R  M.2514, the reliability requirement is 1-10-3 or 99.9%. For additional parameters see Annex III in the report.


Table 2.2.4.1-1: Performance results of reliability


			Parameter


			Mode





			


			Uplink


			Downlink





			FRF


			3


			3





			5 percentile SINR


			-0.03 dB


			7.79 dB





			Scheduled Bandwidth


			0.9 MHz (5 PRBs)


			8 PRBs, 30 PRBs





			Reliability


			99.97 %


			99.98 %, 99.999%





			Connection Time Duration 


			36 ms


			1 ms











Observation:


We observe from Table 2.2.4.1-1 that the candidate technology can meet the reliability requirements for both UL and DL NR-NTN. 





			5GIF Observations 


Based on the assessment, NR NTN passes the requirement for the FRF=3 case. 
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			Acronym


			Definition





			3GPP


			3rd Generation Partnership Project





			AMC


			Adaptive Modulation and Coding





			BLER


			Block Error Rate





			BS


			Base Station





			DL


			Downlink





			eMBB-s


			Enhanced Mobile Broadband - satellite





			FDD


			Frequency Division Duplex





			GBR


			Grant Bit Rates 





			GEO


			Geostationary Earth Orbit





			HARQ


			Hybrid Automatic Request





			HO


			Handover





			HRC-s


			High Reliable Communication - satellite





			IEG


			Independent Evaluation Group





			IMT


			International Mobile Telecommunications





			ITU-R


			International Telecommunication Union – Radiocommunication Sector 





			L1


			Layer 1





			L2


			Layer 2





			LEO


			Low Earth Orbit





			mMTC-s


			Massive Machine Type Communication - satellite





			NTN


			Non-Terrestrial Network





			NR


			New Radio





			OFDM


			Orthogonal Frequency Division Modulation





			PBCH


			Physical Broadcasting Channel





			PDSCH


			Physical Downlink Shared Channel





			PRACH


			Physical Random Access Channel





			PUSCH


			Physical Uplink Shared Channel





			QAM


			Quadrature Amplitude Modulation





			QoS


			Quality of Service





			RB


			Resource Block





			RA


			Random Access





			RIT


			Radio Interface Technology





			RRC


			Radio Resource Control





			SAN


			Satellite Access Network





			SDU


			Service Data Unit





			SRIT


			Set of Radio Interface Technologies





			SRS


			Sounding Reference Signal





			TD


			Transmission Delay





			TTI


			Transmission Time Interval





			UE


			User Equipment





			UL


			Uplink

































Annexure I - eMBB-s 





In this annex, we provide additional information related to eMBB-s simulation setup and some interim results. This includes system parameters for both, satellite and ground UE terminals.


The Table A-I-1 illustrates the evaluation assumptions for the simulation. All the assumptions comply with those of 3GPP, apart from the lower altitude, adapted inter-cell distance and cell area.





Table A-I-1: Evaluation assumptions


			Parameter 


			Value





			Satellite orbit altitude


			LEO 550 km





			Satellite elevation angle


			90 deg





			Inter-cell distance @ nadir


			44 km





			Average cell area


			1749 km²





			Satellite EIRP density


			34 dBW/MHz





			Satellite antenna gain


			30 dB





			Satellite G/T


			1.1 dB/K





			Carrier frequency


			2 GHz





			Channel bandwidth


			30 MHz





			Subcarrier spacing (SCS)


			15 kHz





			DL number of PRBs


			160 for FRF=1 / 52 for FRF=3





			UL number of PRBs


			16 for FRF=1 / 5 for FRF=3





			UE antenna gain


			0 dBi





			UE noise figure


			7 dB





			UE Tx power


			(unspecified)





			UE antenna temperature


			290 K





			Losses due to scintillation/polarization/etc


			0 dB





			UE outdoor probability


			1





			UE density


			10 per beam











Typical eMBB-s deployment is depicted in the figure below. The figure shows a beam formed from the satellite on the ground. The Figure A-I-1: shows the main beam - HP Beam width, and the adjacent beam (interfering beam).


[image: ]


Figure A-I-1: HPBW and ABW

















The Figure A-I-2   shows the distribution of UE and the example of a FRF=1 and FRF=3 deployment case. 


[image: ]


Figure A-I-2: Distribution of UE in FR1 and FR3





The wideband DL SINR CDF is shown in the  Figure A-I-3 for both FRF=1 and FRF=3 case. It can 
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Figure A-I-3: DL SINR CDF for FRF=1 and FRF=3.





Figure A-I-4  shows the corresponding CDF of DL spectral efficiency for both FRF=1 and FRF=3. 
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Figure A-I-4: CDF for DL user throughput





Figure A-I-5  shows the UL SINR CDF and the spectral efficiency for both FRF=1 and FRF=3 scenario.
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Figure A-I-5: UL SINR CDF

















Annexure II - mMTC-s





For the evaluation of mMTC,  the following parameters is assumed for the link-level simulation. 


For the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed.


All the beams are considered for computing the area of connection density. For SLS to LLS metric of  connection density, “pre-processing SINR” is used.


Elevation angle of 90° is used for determining mean and standard deviation values of K-factor and delay spread for NTN TDL-C Rural channel model.


For connection density evaluation with full buffer system-level simulation followed by link-level simulation, for SINR CDF distribution derivation, all the beams are assumed to be fully loaded.


For IoT NTN Connection Density LLS:


· 10% BLER as target for throughput for NB-IoT Full Buffer and eMTC Full Buffer


· Companies to use QPSK-π/4 as well as BPSK-π/2 in evaluations for NB-IoT Full Buffer.


· Each company to provide SINR - user spectral efficiency (SE) mapping graph for NB-IoT Full Buffer and eMTC Full Buffer, where:


· SE = nominal SE × (1-BLER) is used








			Physical channel


			NPUSCH





			Simulation bandwidth


			Single Tone





			SCS


			15kHz





			Number of users in simulation


			1





			Link-level Channel model


			NTN TDL-C Rural





			Antenna configuration at Satellite


			1Rx





			Antenna configuration at UE


			1Tx





			Transmission mode


			SISO





			Transmission rank


			1





			TBS


			256





			Modulation order


			QPSK-π/4





			Number of Resource units


			2,3,4,5,6,8,10





			Number of repetitions


			1,2,4,8,16





			Channel estimation


			LMMSE





			Channel coding scheme


			Turbo code





			Doppler spread


			5 Hz





			UL DMRS config


			Single DMRS per slot [3]











The evaluation metrics requires the usage of beam area, a beam area of 1415 km2 is assumed.


The CDFs of pre-processing SINR for UL transmissions with full buffer assumption for NTN NB-IoT and FRF =1 and FRF=3 are shown in Figure A-II-1.
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Figure A-II-1: CDF of pre-processing SINR for UL transmissions for NB-IoT UL NTN


Based on the CDFs reported above, we calculate the maximum spectral efficiency that can be supported at a particular pre-processing SINR for UL transmissions for both FRF 1 and 3. We start by finding different MCS’es that have a TBSize of 256 with modulation order 4, from Table 16.5.1.2-2 of [3]. A total of 5 such MCS configurations exist. For each configuration m, different number of repetitions, reps, are simulated (LLS). For a fixed TBS, the spectral efficiency  at pre-processing SINR  at repetition number  with MCS m and throughput of , bandwidth per user Wuser and BLER  can be written as:





Tput in this case can be calculated as  (since 1 RU is 8 ms) and Wuser is 15 kHz. Note that BLER in the equation above is also a function of rep and m. The maximum supported spectral efficiency at a given pre-processing SINR with a 10% BLER constraint can be calculated as:  
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Figure A-II-2: Maximum supported spectral efficiency for NB-IoT mMTC


 has been plotted in Figure A-II-2 as pre-processing SINR for UL transmissions is varied for both FRF 1 and 3. Note that each pre-processing SINR corresponds to a percentile value from the CDFs reported in FigureA-II-1.  The maximum supported rate is  . 


Based on the above rate at 1 percentile of pre-processing SINR (99th percentile of delay), we calculate the delay per user as per the procedure in [1]. We report the delay in Table A-II-1.


Additionally, based on inter-packet arrival times and system bandwidth, we report the connection density in Table A-II-1. Area of 1415 km2 is considered for connection density calculation.


Table A-II-1: Connection Density results


			Parameter


			Values





			


			For FRF = 1


			For FRF = 3





			Service Profile


			Full buffer


			Full buffer





			1 percentile pre-processing SINR


			-5.0023 dB


			5.5930dB





			System Bandwidth (W)


			0.18 MHz


			0.18 MHz





			99th Percentile Delay


			0.265 s


			0.035 s





			Inter-packet arrival time


			1 message/2 hours/device


			1 message/day/device


			1 message/2 hours/device


			1 message/day/device





			Connection Density


			541 Devices/ km2


			6498 Devices/ km2


			1994 Devices/ km2


			23,928 Devices/km2














Observation: The connection density requirement is 500 Devices/km2 and 99th percentile delay requirement is less than 10s. We see that both the requirements are met for the case of mMTC NB-IoT over NTN for both FRF 1 and 3 with different inter-packet arrival times.





eMTC over NTN





The parameters and assumptions for the eMTC over NTN is shown below:


			Physical channel


			PUSCH





			Simulation bandwidth


			1 PRB





			SCS


			15kHz





			Number of users in simulation


			1





			Link-level Channel model


			NTN TDL-C Rural 





			Antenna configuration at Satellite


			1Rx





			Antenna configuration at UE


			1Tx





			Transmission mode


			SISO





			Transmission rank


			1





			TBS


			256





			Modulation order


			16 QAM for 1 Repetition/ QPSK for other # of Repetitions





			Number of repetitions


			[1,2,4,8,16,32]





			Channel estimation


			MMSE





			Channel coding scheme


			Turbo code





			Doppler spread


			5 Hz





			UL DMRS config


			2 DMRS every 1ms











The corresponding CDF of pre-processing SINR for UL transmissions with full buffer assumption for eMTC and FRF = 1, 3 are  shown in Figure A-II-3.
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Figure A-II-3: CDF of pre-processing SINR for UL transmissions for eMTC UL NTN


Based on the CDFs reported above, we calculate the maximum spectral efficiency that can be supported at a particular pre-processing SINR. The spectral efficiency  at pre-processing SINR  at repetition number  with throughput of , bandwidth per user Wuser and BLER  can be written as:





Tput in our case is 0.256 Mbps and Wuser is 180 kHz. Note that BLER in the equation above is also a function of rep. Additionally, it should be noted that modulation order of 16 is simulated for the 1st repetition. BLER is output of LLS. The maximum supported spectral efficiency at a given pre-processing SINR with 10% BLER constraint can be calculated as:  





 has been plotted in FigureA-II-4 as pre-processing SINR is varied for FRF =1 and 3. Note that each pre-processing SINR corresponds to a percentile value from the CDF reported in FigureA-II-3. The maximum supported rate is  . 
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Figure A-II-4: Maximum supported spectral efficiency for eMTC





Based on the above rate at 1 percentile of pre-processing SINR (99th percentile of delay), we calculate the delay per user as per the procedure in [1]. We report the delay in Table A-II-2. Area of 1415 km2 is considered for connection density calculation, as per the agreement.


Additionally, based on inter-packet arrival times and system bandwidths, we report the connection density in Table A-II-2. 


[bookmark: _Ref142315482]Table A-II-2: Results for NTN eMTC


			Parameter


			Values





			


			For FRF = 1


			For FRF = 3





			Service Profile


			Full buffer


			Full buffer





			1 percentile pre-processing SINR


			-5.1809dB


			3.6187dB





			System Bandwidth (W)


			1.08 MHz, 180 KHz


			1.08 MHz, 180 KHz





			99th Percentile Delay


			0.0341 s


			0.0042 s





			Inter-packet arrival time


			1 message/2 hours/device


			1 message/day/device


			1 message/2 hours/device


			1 message/day/device





			Connection Density


			2629 Devices/ km2 , 
438 Devices/ km2


			31554Devices/ km2 ,
5259 Devices/km2


			9306 Devices/ km2 , 
1551 Devices/ km2


			111,672 Devices/km2, 
18,612 Devices/km2














Observation 2: Except for FRF=1, for the specific case of 180kHz system bandwidth, the eMTC meets the connection density requirement of 500devices/km2. But overall the number of devices supported by eMTC over NTN is less than NB-IoT over NTN.





References


[1] [bookmark: _Ref134549309]ITU-R, “Report  ITU-R  M.2412-0”.


[2] [bookmark: _Ref14206]ITU-R, “Report  ITU-R  M.2514-0”.


[3] TS 36.211 “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, v17.4.0






Annexure III - HRC-s 





The following assumptions were used for simulation of HRC-s to evaluate the reliability.


· DL and UL overhead:


· DL overhead is assumed to be 0.14


· UL overhead is assumed to be 0.08


· For the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed.


· All the beams are considered for computing the area of connection density.


· For SLS to LLS metric of connection density, “pre-processing SINR” is  used


· Elevation angle of 90° is used for determining mean and standard deviation values of K-factor and delay spread for NTN TDL-C Rural channel model.





Table A-III-1: Parameters for system-level simulation


			Parameters


			Values





			Satellite altitude


			550 km





			Satellite antenna pattern


			Section 6.4.1 in [1]





			Satellite antenna polarization


			Circular 





			Satellite antenna number


			1 Tx / 1 Rx per beam





			3 dB beam width


			4.41 degrees





			Satellite EIRP density


			34 dBW/MHz





			Satellite antenna gain


			30 dBi





			Satellite G/T


			1.1 dB/K





			Central beam center  elevation


			90 deg





			UE anntenna type


			Handheld, (1,1,2) with omni-directional antenna element





			UE antenna polarization


			Linear: +/- 45deg X-pol





			UE Rx Antenna gain 


			0 dBi





			UE antenna temperature


			290 K





			UE noise figure


			7 dB





			FRF


			1 or 3





			Carrier frequency


			2 GHz





			SCS


			15 kHz





			Channel bandwidth


			30 MHz for FRF1, 10MHz for FRF3





			Scenario


			Rural-eMBB-s





			UE deployment


			100% outdoor and uniformly distributed over the area





			LOS condition


			100% LOS





			Spot beam pattern and frequency reuse factor


			Hexagonal pattern, 19 inner beams,


Total beams: 61 beams for FRF=1,


            127 beams for FRF=3.





			UE density


			10 UEs per beam





			UE mobility 


			0 (Stationary)





			Satellite mobility


			0


 (Doppler spread is assumed to be compensated)





			Large scale channel model


			 large scale model of Section 6.6 in 38.811 





			Small scale channel model


			Frequency selective fading model of Section 6.7.2 in 38.811 





			Handover margin


			0dB (handover was not simulated)








			UE attachment


			RSRP





			Traffic model


			Full-buffer





			Scheduling scheme


			PF and SU-MIMO





			Receiver type


			MMSE-IRC





			Channel estimation


			Realistic





			Frequency offset


			0ppm





			Frequency drift


			0ppm





			DL CSI measurement


			CQI only (1 layer / 1-port CSI-RS)





			PRB bundling


			wideband





			Codeword (CW)


			SCW





			Transmission scheme


			One layer





			Frame structure


			FDD





			Overhead


			0.14 (same as for peak data rate calculation)











The 5 percentile pre-processing SINR point obtained from system-level simulation and proceed with the reliability analysis under the guidance from M.2412.


Table A-III-2: Performance evaluation of reliability


			Parameter


			Mode





			


			Uplink


			Downlink





			FRF


			3


			3





			5 percentile SINR


			-0.03 dB


			7.79 dB





			Scheduled Bandwidth


			0.9 MHz (5 PRBs)


			8 PRBs, 30 PRBs





			Reliability


			99.97 %


			99.98 %, 99.999%





			Connection Time Duration 


			36 ms


			1 ms











Observation:


The results for UL and DL reliability after LLS have been reported in Table A-III-2. According to M.2514, the reliability requirement is 1-10-3 or 99.9%. We observe from Table A-III-2 that we can meet the reliability requirements for both UL and DL NR-NTN.
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