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[bookmark: foreword][bookmark: _Toc145397055]Foreword
[bookmark: spectype3]This Technical Specification|Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc145397056]Introduction
This report presents the self-evaluation results of by 3GPP 5G[footnoteRef:1] developed satellite technology. [1:  Developed by 3GPP as NR NTN and IoT NTN, Release 17 and beyond  ] 

From evaluation perspective, the technologies are evaluated against the technical performance requirements as defined in Report ITU-R M.2514 for eMBB-s, mMTC-s and HRC-S use cases, as well as spectrum requirements and service aspects requirements, using the evaluation criteria as defined in the report. Detailed self-evaluation results are provided through Section 4 to 7.
The conclusion is given in Section 8.

[bookmark: scope][bookmark: _Toc145397057]
1	Scope
The present document reports on the self-evaluation results for meeting the requirements defined by ITU in Report ITU-R M.2514.
[bookmark: references][bookmark: _Toc145397058]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	Report ITU-R M.2514: " Vision, requirements and evaluation guidelines for satellite radio interface(s) of IMT-2020 "
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc145397059]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc145397060]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc145397061]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc145397062]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
eMBB-s				Enhanced Mobile Broadband - satellite 
HRC-s				High Reliability Communications - satellite
IoT NTN				Satellite components of NB-IOT and LTE -MTC
LTE-MTC				Long Term Evolution – Machine Type Communication
mMTC-s				Massive machine type communications – satellite
NB-IoT				Narrowband IoT
NR NTN				Satellite component of NR


[bookmark: clause4][bookmark: _Toc145397063]4	Self-evaluation of eMBB-s technical performance
[bookmark: _Toc145397064]4.1	Peak data ratespectral efficiency 
As defined in [2, Rep ITU-R  M.2514-0], 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:
	 	(4.1.1)
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. 
·  is the numerology (as defined in TS 38.211 [7])
·  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 NTN 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. The evaluation assumptions for the ideal conditions can be found in Annex A.1.
The evaluation results for Peak spectral efficiency for DL and UL can be found in Table 4.1.1. 
Table 4.1.1 NR NTN 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 NTN fulfils peak spectral efficiency requirement for both DL and UL.
[bookmark: _Toc145397065]4.2	Peak spectral efficiencydata rate
Peak data rate for NR NTN is evaluated based on the evaluation results of NR NTN peak spectral efficiency provided in Section 4.1.1. Using the analytical way as provided in [2, Report ITU-R M.2514] DL peak data rate is calculated as:
		(4.2.1)
The evaluation results for Peak spectral efficiency for DL and UL can be found in Table 4.2.1.  
Table 4.2.1 NR NTN 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
	[2.76]
	2



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

[bookmark: _Toc145397066]4.3	User experienced data rate
[bookmark: _Toc145397067]4.4	5th percentile user spectral efficiency 
[bookmark: _Toc145397068]4.5	Average spectral efficiency
[bookmark: _Toc145397069]4.6	Area traffic capacity
[bookmark: _Toc145397070]4.7	Latency
[bookmark: _Toc145397071]4.7.1	User plane latency
[bookmark: _Toc145397072]4.7.2	Control plane latency
[bookmark: _Toc145397073]4.8	Energy efficiency
[bookmark: _Toc145397074]4.9	Mobility
[bookmark: _Toc145397075]4.10	Mobility interruption time

[bookmark: tsgNames][bookmark: _Toc145397076]5	Self-evaluation of mMTC-s technical performance
[bookmark: _Toc145397077]5.1	Connection density
[bookmark: _Toc145397078]
6	Self-evaluation of HTC-s technical performance
[bookmark: _Toc145397079]6.1	Reliability

[bookmark: startOfAnnexes][bookmark: _Toc145397080]7	Self-evaluation of generic requirements
[bookmark: _Toc145397081]7.1	Service aspects
[bookmark: _Toc145397082]7.2	Bandwidth
[bookmark: _Toc145397083]7.3	Spectrum
[bookmark: _Toc145397084]8	Conclusions



[bookmark: _Toc21288803][bookmark: _Toc145397085]Annex A:	Simulation models and assumptions
[bookmark: _Toc145397086]A.1 	Evaluation assumption for peak spectral efficiency and peak data rate for NR NTN
Evaluation parameters for NR NTN peak spectral efficiency and peak data rate is shown in Table A.1.1. The notations can be found in equation (4.1.1) in Section 4.1.
[bookmark: _Ref506285681]Table A.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
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