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[bookmark: _Toc87951961]Foreword
[bookmark: spectype3]This Technical 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: _Toc87889225][bookmark: _Toc87951962]1	Scope
The present document covers the RF and co-existence aspects of the work item “Solutions for NR to support non-terrestrial networks (NTN)” [2]
The objectives for the study are the following: 
· Study and specify adjacent channel co-existence scenarios of Non-terrestrial networks (NTN).
· Study and specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met. 
[bookmark: _Toc87889226][bookmark: _Toc87951963]2	Reference
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP RP-210887, "Revised WID: Solutions for NR to support non-terrestrial networks (NTN)".
[3]	ITU-R Radio Regulations, Article 5 – Frequency Allocations 2020 Edition
[4]	3GPP TR 38.811: "Study on New Radio (NR) to support non-terrestrial networks".
[5]	3GPP TR 38.821: "Solutions for NR to support Non-Terrestrial Networks (NTN)".
[6]	3GPP RP-152284, "Revised Work Item: Narrowband IoT ".
[7]	3GPP TR 36.942: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios".
[8]	3GPP TR 45.820: "Cellular system support for ultra-low complexity and low throughput Internet of Things (CIoT)".
[9]	3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz".
[10]	Report ITU-R M.2292, "Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses".
[11]	3GPP RP-200559, "LS on Parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-23 (below 5 GHz) ".
[12]	[To be updated: ITU-R Annex 4.4 to Document 5D/716-E]
[13]	3GPP TR 38.921: "Study on International Mobile Telecommunications (IMT) parameters for 6.425 - 7.025 GHz, 7.025 - 7.125 GHz and 10.0 - 10.5 GHz".
[14]	3GPP TR 36.802: "Evolved Universal Terrestrial Radio Access (E-UTRA); NB-IOT; Technical Report for BS and UE radio transmission and reception".
[bookmark: _GoBack][15]	3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception"
[16]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
[17]	3GPP R4-2111460, "On the Rx Parameters and Rx Testing Setup for NTN gNB".
[18]	3GPP R4-2108099, "WF on [312] NTN_Solutions_Part1".
[bookmark: _Toc87889227][bookmark: _Toc87951964]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc87889228][bookmark: _Toc87951965]3.1	Terms
[To be updated]
[bookmark: _Toc87889229][bookmark: _Toc87951966]3.1	Symbols
[To be updated]
[bookmark: _Toc87889230][bookmark: _Toc87951967]3.1	Abbreviations
[To be updated]
[bookmark: _Toc87889231][bookmark: _Toc87951968]4	General aspects
[bookmark: _Toc87889232][bookmark: _Toc87951969]4.1	Work item objectives
[To be updated]
[bookmark: _Toc87889233][bookmark: _Toc87951970]5	Regulatory aspect
[bookmark: _Toc87889234][bookmark: _Toc87951971]5.1	ITU-R
 The following services are among those defined in the ITU-R Radio Regulations [3]:
· Fixed (1.20): A radiocommunication service between specified fixed points.
· Fixed satellite (1.21) : A radiocommunication service between earth stations at given positions, when one or more satellites are used; the given position may be a specified fixed point or any fixed point within specified areas; in some cases this service includes satellite-to-satellite links, which may also be operated in the inter-satellite service; the fixed-satellite service may also include feeder links for other space radiocommunication services.
· Mobile (1.24): radiocommunication service between mobile and land stations, or between mobile stations (CV).
· Mobile satellite (1.25): A radiocommunication service:
between mobile earth stations and one or more space stations, or between space stations used by this service; or
between mobile earth stations by means of one or more space stations.
This service may also include feeder links necessary for its operation.
Based on ITU-R Radio Regulations [3], the following frequency ranges are allocated to MSS and have been identified as first candidate bands for NTN satellite operations:
S-band: UL: 1980–2010 MHz / DL: 2170–2200 MHz.
L-band: UL: 1626.5-1660.5 MHz / DL: 1525-1559 MHz. 
[bookmark: _Toc87889235][bookmark: _Toc87951972]5.2	NTN Satellite band: UL: 1980–2010 MHz / DL: 2170–2200 MHz
[To be updated]
[bookmark: _Toc87889236][bookmark: _Toc87951973]5.3	NTN Satellite band: UL 1626.5–1660.5 MHz / DL 1525–1559 MHz
[To be updated]
[bookmark: _Toc87889237][bookmark: _Toc87951974][bookmark: _Toc79091613]6	Co-existence study
[bookmark: _Toc87889238][bookmark: _Toc87951975]6.1	Co-existence simulation scenario
Scenarios for coexistence study are listed in Table 6.1-1. 
Table 6.1-1 Scenarios for NTN-NTN/TN co-existence
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]FR1: 2GHz
	NTN1,4,5

	
	Set 1
	Set 22
	HAPS

	
	GEO3
	LEO 600km
	LEO 1200km
	GEO
	LEO 600km
	LEO 1200km
	

	NR / NB-IoT
	Rural
	X
	X
	X
	X
	X
	X
	FFS

	
	Urban macro
	X
	X
	X
	X
	X
	X
	FFS

	
	Dense Urban6
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	FFS

	HAPS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	[Note 1: Start with Earth Fixed beam first, Earth Moving Beams could be further discussed
[Note 2: Use Set 1 satellite antenna as the starting point for co-existence study. Set 2 might be used if any worst case in associate with Set 2 is found. ]
Note 3: GEO and LEO only operate at adjacent channel.
Note 4: Use GEO and LEO@600km when TN is victim. 
Note 5: The satellite to satellite coexistence scenarios are not in the scope of this study considering this is already addressed by ITU (ITU RR Article 9 etc.) and regional regulations (e.g. FCC rules).
[Note 6: Rationale to exclude Dense Urban to be addressed in TR 38.863.]


The aggressor and victim combination is listed in Table 6.1-2.
Table 6.1-2 Aggressor and victim 
	[bookmark: OLE_LINK6]No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in e.g. S-band, for e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S-band, for e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S-band, for e.g. coexistence with n34 TDD. 
	Phase 1

	7
	NTN with NTN
	NTN DL
	NTN DL
	HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	HAPS-HAPS
	Phase 2


The frequency and bandwidth are listed in table 6.1-3.
Table 6.1-3.  Proposed frequency and bandwidth for co-existence study
	
	Frequency
	Bandwidth
	Duplex mode
	Frequency reuse factor

	TN Rural
	2 GHz
	20MHz
	FDD, TDD
	1

	TN Urban macro
	2 GHz
	20MHz
	FDD, TDD
	1

	GEO
	2 GHz
	5/10/15/20 MHz for FR1
	FDD
	1, 31

	LEO
	2 GHz
	5/10/15/20 MHz for FR1
	FDD
	1, 31

	HAPS
	2 GHz
	TBD
	FDD
	[1]

	Note 1: 2 phases will be considered for FRF: FRF=1 in phase 1 for simplification; FRF=3 in phase 2 or it is found FRF=1 is too stringent.


[bookmark: _Toc87889239][bookmark: _Toc87951976][bookmark: _Toc79091614]6.2	Co-existence simulation assumption
[bookmark: _Toc87889240][bookmark: _Toc87951977]6.2.1	Network layout model
[bookmark: _Toc87889241][bookmark: _Toc87951978]6.2.1.1	Co-existence between NTN and TN
Cellular cell structure is considered for both NTN and TN network layout.
Referring to TR 38.811[4] Section 6.3 and Annex A, a 3D global coordinate system is considered (Earth-Centred Earth Fixed) for simulating NTN beams direction and location on the earth surface. It means the NTN beam location, TN randomly dropping location are generated with a set of three parameters (x,y,z).
Deployment of NTN and TN cells and UEs for co-existence study is listed in Table 6.2.1.1-1. 
Table 6.2.1.1-1	Network and UE deployment
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
All active TN clusters which has the NTN UE(s) at its edge.

	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	Consider an active rate of 20% for Rural and Urban of TN.
	All active TN cells in central NTN beam

	3
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values)

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	

	4
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN randomly placed in this NTN beam
	Option 1: All active TN clusters which has the NTN UE(s) at its edge.

Option 2: Only the TN sectors which have NTN UE(s) at their edges. 

Option 1 is the baseline and it is not precluded companies can follow Option 2 to bring results

	5
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which has the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All active TN clusters which has the NTN UE(s) at its edge.

	6
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN cell with satellite at low elevation to be further investigated.

NTN UE:
NTN UEs dropped outside or at the edge of TN clusters
	Consider the active rate of 20% for Rural and Urban of TN.
	All active TN cells in central NTN beam



[bookmark: _Toc87889242][bookmark: _Toc87951979]6.2.2	System parameters
[bookmark: _Toc87889243][bookmark: _Toc87951980]6.2.2.1	Satellite parameters
Two sets of satellite parameters are listed in Table 6.2.2.1-2 and Table 6.2.2.1-3 according to TR 38.821[5].
The satellite max Tx power can be calculated by the equation as below:

Table 2.3-1 NRB configuration per BandWidth size and SCS
	Configuration FR1 S-band
	NRB (5MHz BW)
	NRB (10MHz BW)
	NRB (15MHz BW)
	NRB (20MHz BW)

	SCS 15 kHz
	25
	52
	79
	106

	SCS 30 kHz
	11
	24
	38
	51



Table 6.2.2.1-2 Set-1 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Satellite EIRP density
	2GHz
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite max TX power in dBm
	BW (MHz)
	
	5
	10
	15
	20
	5
	10
	15
	20
	5
	10
	15
	20

	
	SCS 15kHz
	
	44.53
	47.71
	49.53
	50.81
	46.53
	49.71
	51.53
	52.81
	40.53
	43.71
	45.53
	46.81

	
	SCS 30kHz
	
	43.98
	47.37
	49.36
	50.64
	45.98
	49.37
	51.36
	52.64
	39.98
	43.37
	45.36
	46.64

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Channel bandwidth
	
	5/10/15/20MHz
	5/10/15/20MHz
	5/10/15/20MHz

	3dB beamwidth or HPBW (Half-Power BandWidth) of main central beam
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	ABS (Adjacent Beam Spacing) of adjacent beams from the central beam
	
	0.3474 deg
	3.8206 deg
	3.8206 deg

	Satellite beam diameter
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	[bookmark: OLE_LINK62]G/T
	2 GHz
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi


Table 6.2.2.1-3 Set-2 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions
	

	Satellite EIRP density
	2GHz
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24

	Channel bandwidth
	
	5/10/15/20MHz
	5/10/15/20MHz
	5/10/15/20MHz

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter
	
	450 km
	190 km
	90 km

	Payload characteristics for UL transmissions
	

	G/T
	2 GHz
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi


[bookmark: OLE_LINK1]Table 6.2.2.1-4 Other parameters for NTN
	Parameters
	NTN
	Remark

	Carrier frequency
	2GHz
	

	The number of active UE (UL) 
	9 UEs and 2RBs per UE for GEO and LEO1
	

	The number of active UE (DL) 
	1
	Same with TN

	Traffic model
	Full buffer
	

	DL power control
	NO
	

	UL power control
	See Session 2.6.2
	

	NTN satellite Noise figure in dB
	See Table 2.3-3-1
	

	Handover margin
	3dB
	

	Note 1: UEs are equally splitted inside the channel bandwidth into ACIR 3 regions. Scheduled PRB position for UE1 per satellite beam should be also fully aligned to simulate the worst case for co-channel interference and this is also aligned with full bufffer case.
[image: http://kr5.samsung.net/mail/rest/v1/files/image/download/202108260042453_CZHWKC3T.png?1=1&filepath=/LOCAL/ML/CACHE/image/y/20210825/110_31_JZ9R2KEKVGKD@namo.co.kr_4_yiran.jin&user=yiran.jin&partno=4&folderId=110&seqid=31&contentType=image%2Fpng]
[Editor’s note: Axis to be added in the figure]



Table 6.2.2.1-5 NTN satellite Noise figure in dB
	Satellite
	GEO
	LEO 600
	LEO 1200

	G/T (dB K-1)
	19
	1.1
	1.1

	G_Rx (dBi)
	51
	30
	30

	NF (dB)
	7.4
	4.3
	4.3


[bookmark: _Toc87889244][bookmark: _Toc87951981]6.2.2.2	NTN UE parameters
NTN UE parameters are listed in Table 6.2.2.2-1
Table 6.2.2.2-1 NTN UE characteristics for system level simulations
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	9 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element


[bookmark: _Toc87889245][bookmark: _Toc87951982]6.2.2.3	HAPS parameters
[To be updated]
[bookmark: _Toc87889246][bookmark: _Toc87951983]6.2.2.4	TN parameters
TN parameters for co-existence study are listed in Table 6.2.2.4-1, 6.2.2.4-2 and 6.2.2.4-3.
Table 6.2.2.4-1 Simulation assumptions of TN respectively based on NB-IoT and NR
	
	NB-IoT
standalone
	NR

	Carrier frequency in GHz
	 2
	2

	Size of each nominal channel BW in MHz
	0.2
	20

	Transmission bandwidth in MHz
	0.18
	N/A

	Environment
	Urban macro
Rural
	Deployment scenario related, check Table 2.3-6.

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites 57 sectors with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
[TBD For Rural]
	Deployment scenario related, see Table 2.3-6

	System loading and activity
	Full buffer 100%
	See Table 6.2.1.1-1

	Network location
	FFS
	See Table 6.2.1.1-1

	DL subcarrier spacing
	15kHz
	15kHz

	UL
	See RP-152284[6]
	OFDMA

	DL power control
	No
	No

	UL power control
	TR 36.942[7] section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	TR 36.942

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 
12 for 15kHz single-tone, 
48 for 3.75kHz single-tone
	3

	UE antenna height in meter
	1.5
	1.5m

	UE TX power in dBm
	-40 to 23
	-40 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	TR 45.820[8] Annex D.1 
	In pathloss model, TR 38.901[9]

	Cell selection margin in dB
	3
	3

	BS-MS min distance in meters
	35
	35

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR 36.942 macro urban
	TR 38.901 

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	Deployment scenario related, referring to TR 38.901.

	Shadowing correlation
	Inter-cell 0.5 
Intra-cell 1
	Inter-cell 0.5 
Intra-cell 1

	Link-level performance model
	
	See Section 2.9
Throughtput-SINR mapping

	UE distribution
	
	Uniform

	Evaluation metrics
	SINR vs ACS (as victim)
	See Section 2.9 
Throughtput or SNR loss criteria



Table 6.2.2.4-2 Deployment-related parameters of TN (2 GHz)
	
	Urban Macro
	Rural Macro
	Remarks

	ISD in meters
	750
	7500
	ITU-R Report M.2292[10]

	BS Antenna height in meters
	25
	30
	

	UE Outdoor/indoor
	100% Outdoor
	

	UE height in meter
	1.5
	1.5
	RP-200559 [11] 3GPP LS to ITU-R WP5D 
and
ITU-R WP5D
[IMT_Parameters] [12]



Table 6.2.2.4-3 ACLR/ACS for TN (2GHz)
	
	NR
	NB-IOT

	BS
	ACLR
	45 dB
		40 dB	

	
	ACS
	46 dB
	46 dB

	UE
	ACLR
	30dB (ACLR1)
43dB (ACLR2)
	37

	
	ACS
	33
	28


[bookmark: _Toc87889247][bookmark: _Toc87951984]6.2.3	Antenna and beamforming pattern modelling
[bookmark: _Toc87889248][bookmark: _Toc87951985]6.2.2.1	Satellite and UE Antenna and beam forming pattern modelling
Satellite and UE Antenna and beam forming pattern modelling of satellite could be referred to section 6.4.1 in TR 38.811.
The following normalized antenna gain pattern, corresponding to a typical reflector antenna with a circular aperture, is considered.
1             [image: ]
[image: ]     [image: ]

where J1(x) is the Bessel function of the first kind and first order with argument x,  is the radius of the antenna's circular aperture, k = 2f/c is the wave number, f is the frequency of operation, c is the speed of light in a vacuum and  is the angle measured from the bore sight of the antenna's main beam. Note that ka equals to the number of wavelengths on the circumference of the aperture and is independent of the operating frequency.
The antenna patterns for LEO 600km, 1200km and GEO are shown in Figure 6.2.2.1-1 and 6.2.2.1-2. 
[image: ]
Figure 6.2.2.1-1:  Antenna pattern for LEO 600KM and 1200KM (4.4127 deg for 3dB beamwidth)
[image: ]
Figure 6.2.2.1-2 Antenna pattern for antenna aperture of GEO (0.4011 deg for 3dB beamwidth]
The beam layout definition for a single satellite simulation in S-Band is defined in Table 6.2.2.1-1.
Table 6.2.2.1-1: Beam layout definition for single satellite simulation
	Beam layout definition
	Baseline: Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame.
Only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. 

	Number of beams
	Baseline: 7-beam layout (i.e. 6 co-frequency beams surrounding the central beam)

	UV plane illustration (extracted from [19])
	[image: ]

	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after:
[image: ]
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern:
ABS[rad] = sqrt(3) x sin(HPBW[degrees]/2) or ABS[rad] = sqrt(3) x sinr(HPBW[rad]/2)
with ABS [degree]=180/pi x ABS[rad] and 
with HPBW the Half-Power BandWidth of the main lobe from the satellite antenna pattern.

	Central beam bore sight direction definition
	Baseline: 
Case 1: Central beam center is considered at nadir point
Case 2: 45° for GEO and LEO
Interested companies can bring analysis and results for other values.

	
	Option 1: FRF=1
[image: ]
	Option 2: FRF=3
[image: ]
	Option 3: FRF=2
[image: ]

	Polarization re-use
	Option 1: Disable
Option 2: Enable
Note: Polarization re-use should apply only if circular polarization for terminal antenna is considered 

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UE distribution
	The cell area associated to a given beam is defined as the Voronoi cell associated with the corresponding beam centers.

	UE configuration
	S-band: Handheld

	UE orientation
	Handheld: Random

	UE attachment
	RSRP

	NOTE 1: Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.
NOTE 2: For the calibration purpose, the ionospheric scintillation loss shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude). 



[bookmark: _Toc87889249][bookmark: _Toc87951986]6.2.2.2	TN BS and UE antenna and beam forming pattern modelling
For AAS antenna, it refers to TR 38.921[13] pattern.
Table 2.4.2-1 AAS antenna parameters for 2GHz
	
	
	Rural
	Macro urban

	1
	Base Station Antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	7.1
	6.4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
54º for V
	90º for H
65º for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º

	1.6
	Antenna array configuration (Row × Column) 
(Note 4)
	8 × 8 elements
	8 × 8 elements

	1.7
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.9 of wavelength for V
	0.5 of wavelength for H, 0.7 of wavelength for V

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2

	1.9
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	25
	25

	1.10
	Base station maximum coverage angle in the horizontal plane (degrees)
	120
	120

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-120

	1.12
	Mechanical downtilt (degrees)
	3
	10


For non-AAS antenna, the parameter in Table 2.4.2-1 is used for 2GHz BS antenna pattern in the NTN system simulation. 
Table 2.4.2-1 FR1 BS Non-AAS antenna pattern for 2GHz
	 Parameter for BS
	Values

	Antenna vertical radiation pattern (dB)
	

	Antenna horizontal radiation pattern (dB)
	


	Combining method for 3D antenna pattern (dB)
	


	Maximum directional gain of an antenna GE,max
	17 dBi 

	Conducted power
	46 dBm

	Mechanical downtilt in degrees
	Rural
	3

	
	Urban
	10


[bookmark: _Toc518937161][bookmark: _Toc46233020]Only Non-AAS antenna can be used for NB-IoT.
For UE antennas, an omni-directional radiation pattern with antenna gain 0dBi is assumed.
[bookmark: _Toc87889250][bookmark: _Toc87951987]6.2.2.3	HAPS antenna model
[To be updated]
[bookmark: _Toc87889251][bookmark: _Toc87951988]6.2.4	ACIR model
The following ACIR model is used to derive ACIR values for co-ex study between NTN and TN.
The number of RBs in Table 6.2.4-1 should be updated and aligned with the agreed number of UL UE in NTN and TN assumptions.
ACLR modelling for TN and NTN co-existence referring to clause 5.1.1.4.1 and 5.1.1.4.2 in TR 36.942 is to be used.
[image: ]
Figure 6.2.4-1 ACIR model

Table 6.2.4-1 Uplink ACIR value
	Frequency offset between aggressor (105 RBs) and victim (105 RBs)
	ACIR value

	0-[34] RBs
	30 + X

	[35-69] RBs
	43 + X

	>[69] RBs
	43+ X


[bookmark: _Toc87889252][bookmark: _Toc87951989]6.2.5	Propagation model
[bookmark: _Toc87889253][bookmark: _Toc87951990]6.2.5.1	Propagation model between NTN and UE
Propagation model between NTN and UE could be referred to section 6.6 in TR 38.811.
[bookmark: _Toc87889254][bookmark: _Toc87951991]6.2.5.2	Propagation model between TN BS and UE
Propagation model between TN BS and UE could be referred to section 7.4 in TR 38.901.
[bookmark: _Toc87889255][bookmark: _Toc87951992]6.2.5.3	Propagation model between NTN BS and TN BS
Propagation model between NTN BS and TN BS should reference to TS 38.811 which is used for DL-UL cross link interference for S band.
[bookmark: _Toc87889256][bookmark: _Toc87951993][bookmark: _Toc79091615]6.2.5.4	Propagation model for HAPS
[To be updated]
[bookmark: _Toc87889257][bookmark: _Toc87951994][bookmark: _Toc494384421]6.2.6	Transmission power control model
[bookmark: _Toc87889258][bookmark: _Toc87951995]6.2.6.1	TN UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied for TN with following parameters.


Where, Pmax = 23dBm, Rmin = TBD dB, CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, 
where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1For uplink scenario, 
[bookmark: _Toc87889259][bookmark: _Toc87951996]6.2.6.2	NTN UL TPC
For the coexistence study, the same TPC model of TN for NTN UL scenarios is adopted but needs to revise CLx-ile to align with UE UL power control parameters used in TR 38.821. [The CLx-ile value should be adapted for rural scenario.]
[bookmark: _Toc87889260][bookmark: _Toc87951997]6.2.6.3	DL TPC
For downlink scenario, no power control scheme is applied.
[bookmark: _Toc87889261][bookmark: _Toc87951998]6.2.7	Received power model
The received power in downlink and uplink scenarios is defined as below:
RX_PWR = TX_PWR – Path loss + G_TX + G_RX
Where,
RX_PWR is the received power
TX_PWR is the transmitted power
G_TX is the transmitter antenna gain (directional array gain)
G_RX is the receiver antenna gain (directional array gain).
[bookmark: _Toc87889262][bookmark: _Toc87951999]6.2.8	Performance metric
For NR, the average throughput loss and 5%-ile throughput loss should be less than 5%.
For NB-IOT, the SNR loss should refer to TR 36.802[14].
For NTN, The average throughput loss and 5%-ile throughput loss should be less than 5%.
[bookmark: _Toc87889263][bookmark: _Toc87952000]6.2.9	Throughput ~ SNR mapping
[To be updated]
[bookmark: _Toc87889264][bookmark: _Toc87952001]6.3	Co-existence simulation methodology
Adopt following simulation steps. 
1. Generate aggressor and victim networks. 
· NTN central beam is at satellite nadir, surrounded with 6 co-frequency beams. NTN FRFs higher than 1 need to be considered. Assume one NTN aggressor as default.
· Deployment of TN network (19 cells with wraparound) refers to Table 6.2.1.1-1
2. UE associations
· TN UE are generated randomly inside the TN network, make sure enough TN UEs are associated to each TN sectors based on coupling loss. 
· Deployment of NTN UE refers to Table 6.2.1.1-1.
3. Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This is done for both victim and aggressor networks.
4. Throughput is computed in the victim systems without considering ACI as below:
- , where  is the inter-cell interference.
For TN-NTN SINR calculation, the satellite receiver off angle should be considered in the satellite receiver gain calculation when calculating SINR. Note that such angle is not considered in TR 38.821 section 6.1.3 equations. Thus those equations should be used for SINR calculation.
5. Throughput is computed considering ACI as below:
-	, where  is the adjacent channel interference.
6. RF parameters are determined based on the degradation cause by ACI as below:
-	
[bookmark: _Toc87889265][bookmark: _Toc87952002]6.4	Co-existence simulation results
[To be updated]
[bookmark: _Toc87889266][bookmark: _Toc87952003]6.5	Summary of co-existence study
[To be updated]
[bookmark: _Toc87889267][bookmark: _Toc87952004]7	RF requirements
[bookmark: _Toc87889268][bookmark: _Toc87952005]7.1	Reference points for RF requirements
[To be updated]
[bookmark: _Toc87889269][bookmark: _Toc87952006]7.2	Common issues for satellite access node and NTN UE
[bookmark: _Toc87889270][bookmark: _Toc87952007]7.2.1	Operating bands 
The following bands in Table 7.2.1-1 are agreed as exemplary NTN bands in Rel-17. Regarding the band numbering for NTN bands, it is agreed to start from the largest band number in FR1 range for NTN bands which fully within FR1 frequency ranges to better differentiate NTN band and TN bands and ensure contiguous band number allocation for NTN bands, the number can be taken in a decreased order with first come, first service.
Table 7.2.1-1: NTN bands in FR1
	NTN satellite band #
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD


[bookmark: _Toc87889271][bookmark: _Toc87952008]7.2.2	Channel bandwidth, SCS and spectral utilization
[The common definition for channel bandwidth, transmission bandwidth configuration, minimum guard band, and RB alignment in TS 38.104[15] and TS 38.101-1[16] can be reused for NTN system].
The supported channel bandwidth per operating band should be defined based on NTN operator input. The details could be found in the Table 7.2.2-1.
Table 7.2.2-1:  Channel bandwidths and SCS per NTN operating band in FR1
	NTN satellite band #
	SCS
kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	15
	Yes
	Yes
	Yes
	Yes

	n255
	30
	
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes

	
	15
	Yes
	Yes
	Yes
	Yes

	n256
	30
	
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes


[bookmark: _Toc87889272][bookmark: _Toc87952009]7.2.3	Channel raster and sync raster
[bookmark: _Toc87889273][bookmark: _Toc87952010]7.2.3.1	Analysis
In order to be compatible with current design of sync raster below 3 GHz, 100 kHz was chosen as the channel raster for NR NTN bands below 3 GHz.
[bookmark: _Toc87889274][bookmark: _Toc87952011]7.3	Satellite access node requirements
[Note: Titles of Section 7.3, 7.3.1.1 need to be aligned with the name to be discussed and determined in TS 38.181 and 38.08]
[bookmark: _Toc87889275][bookmark: _Toc87952012]7.3.1	General
NTN products are assumed to use AAS BS architecture, with both 1-H and 1-O being included in Rel-17 WI. Therefore, both conducted, as well as radiated requirements are required to be considered.
[bookmark: _Toc87889276][bookmark: _Toc87952013]7.3.1.1	Satellite access node class
[To be updated]
[bookmark: _Toc87889277][bookmark: _Toc87952014]7.3.2	Transmission characteristics
[To be updated]
[bookmark: _Toc87889278][bookmark: _Toc87952015]7.3.3	Receiver characteristics
7.3.3.1	General
For Rx requirements, the TAB connector is located in the satellite payload, while the throughput measurement is done in the “non-NTN infrastructure gNB”, as shown in the Figure 7.3.3.1-1 for reference sensitivity requirement.[17][18]

[image: ]
Figure 7.3.3.1-1: Reference points for measurement of Rx requirements
The FRCs specified in TS 38.104 shall be re-used to specify the satellite access node Rx requirements. Further revisit is not precluded if the spectrum utilization (SU) would be different.
[bookmark: _Toc87889279][bookmark: _Toc87952016]7.3.3.2	Conducted receiver characteristics
[bookmark: _Toc87889280][bookmark: _Toc87952017]7.3.3.2.1	Reference sensitivity level
[To be updated]
[bookmark: _Toc87889281][bookmark: _Toc87952018]7.3.3.2.2	Dynamic range
[To be updated]
[bookmark: _Toc87889282][bookmark: _Toc87952019]7.3.3.2.3	In-band selectivity and blocking
[To be updated]
[bookmark: _Toc87889283][bookmark: _Toc87952020]7.3.3.2.4	Out-of-band blocking
[To be updated]
[bookmark: _Toc87889284][bookmark: _Toc87952021]7.3.3.2.5	Receiver spurious emissions
[To be updated]
[bookmark: _Toc87889285][bookmark: _Toc87952022]7.3.3.2.6	Receiver intermodulation
[To be updated]
[bookmark: _Toc87889286][bookmark: _Toc87952023]7.3.3.2.7	In-channel selectivity
The requirement framework was agreed to be reused from terrestrial network (TN) NR specification.
[bookmark: _Toc87889287][bookmark: _Toc87952024]7.3.3.3	Radiated receiver characteristics
[bookmark: _Toc87889288][bookmark: _Toc87952025]7.3.3.3.1	OTA sensitivity
[To be updated]
[bookmark: _Toc87889289][bookmark: _Toc87952026]7.3.3.3.2	OTA reference sensitivity level
[To be updated]
[bookmark: _Toc87889290][bookmark: _Toc87952027]7.3.3.3.3	OTA dynamic range
[To be updated]
[bookmark: _Toc87889291][bookmark: _Toc87952028]7.3.3.3.4	OTA in-band selectivity and blocking
[To be updated]
[bookmark: _Toc87889292][bookmark: _Toc87952029]7.3.3.3.5	OTA out-of-band blocking
[To be updated]
[bookmark: _Toc87889293][bookmark: _Toc87952030]7.3.3.3.6	OTA receiver spurious emissions
[To be updated]
[bookmark: _Toc87889294][bookmark: _Toc87952031]7.3.3.3.7	OTA receiver intermodulation
[To be updated]
[bookmark: _Toc87889295][bookmark: _Toc87952032]7.3.3.3.8 	OTA in-channel selectivity
[To be updated]
[bookmark: _Toc87889296][bookmark: _Toc87952033]7.3.4	Others
[To be updated]
[bookmark: _Toc87889297][bookmark: _Toc87952034]7.4	NTN UE requirements
[bookmark: _Toc87889298][bookmark: _Toc87952035]7.4.1	General
[To be updated]
[bookmark: _Toc87889299][bookmark: _Toc87952036]7.4.2	NTN UE Transmission characteristics
[bookmark: _Toc87889300][bookmark: _Toc87952037]7.4.2.1 	General
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0dBi is assumed. Handheld PC3 UE is assumed in Rel-17.
[bookmark: _Toc87889301][bookmark: _Toc87952038]7.4.2.2	Maximum output power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).
Table 7.4.2.1-1: UE Power Class
	NR band
	Class 3 (dBm)
	Tolerance (dB)

	n256
	23
	±2

	n255
	23
	+2/-33

	NOTE 1:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 2:	Power class 3 is default power class unless otherwise stated
NOTE 3:	Refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.


[bookmark: _Toc87889302][bookmark: _Toc87952039]7.4.2.3 	MPR/AMPR
[To be updated]
[bookmark: _Toc87889303][bookmark: _Toc87952040]7.4.2.4 	Output power dynamics
For Minimum output power, Transmit OFF power and Power control, the framework and requirements for existing TN UE can be reused for satellite UE. The minimum output power is -40 dBm for 20 MHz channel bandwidth. The transmit OFF power is -50 dBm for 20MHz.
[bookmark: _Toc87889304][bookmark: _Toc87952041]7.4.2.5 	Frequency error
The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the Satellite Access Node.
NOTE: The requirements is applicable only when PVT ephemeris updated at least once [10] seconds.
[bookmark: _Toc87889305][bookmark: _Toc87952042]7.4.2.6 	Transmit modulation quality
[To be updated]
[bookmark: _Toc87889306][bookmark: _Toc87952043]7.4.2.7 	Spectrum emission mask
[To be updated]
[bookmark: _Toc87889307][bookmark: _Toc87952044]7.4.2.8 	ACLR
[To be updated]
[bookmark: _Toc87889308][bookmark: _Toc87952045]7.4.2.9 	Spurious emissions
[To be updated]
[bookmark: _Toc87889309][bookmark: _Toc87952046]7.4.3	Receiver characteristics
[To be updated]
[bookmark: _Toc87889310][bookmark: _Toc87952047]7.4.4	Others
[To beupdated]
[bookmark: clause4]
[bookmark: startOfAnnexes][bookmark: tsgNames]

[bookmark: _Toc87889311][bookmark: _Toc87952048]Annex A:
Calibration results of NTN components
[bookmark: _Toc87889312][bookmark: _Toc87952049]A.1 Calibration assumptions
Assumptions in Section 6.2 are adopted as baseline for calibration. It should be noted there are different parts which are listed in Table A.1-1.

Table A.1-1 NTN Assumptions for calibration
	Propagatoin model 38.811 considerations
	Basic path loss
	Yes

	
	Atmospheric loss
	0

	
	Ionospheric or scintillation loss
	0

	
	O2I / building-entry loss
	N/A

	NTN SINR
	SINR statistics target
	Central beam (UL/DL)

	
	Interference
	Co-channel interference from 6 adjacent beams 

	
	BW / #UE
	20MHz / 1 DL, 3UL 

	
	Polarization gain with 3dB
	not considered

	
	Elevation angle
	90 degrees for GEO and LEO

	HAPS SINR
	SINR statistics target
	7 cells for DL and UL, HAPS UE is uniformly distributed in 7 cells

	
	Interference
	Co- channel interference from other 6 cells 

	
	BW / #UE
	20MHz/1DL, 3UL and each UE BW is 0.36MHz

	
	Polarization gain with 3dB
	considered 

	Propagatoin model 38.811 considerations for HAPS
	Basic path loss
	yes

	
	Atmospheric loss
	0

	
	Ionospheric or scintillation loss
	0

	
	O2I / building-entry loss
	0

	HAPS
	power control parmater
	gamma =1, CL-ile = 121.45

	
	rural vs. urban difference
	only reflect on the propagation model. Other assumptions are the same. 



[bookmark: _Toc87889313][bookmark: _Toc87952050]A.2 Calibration results
The calibration results include SINR and coupling loss distributions in DL, and SINR, coupling loss and transmit power distributions in UL. Both rural and urban propagation models defined in TR 38.811 are considered. For NTN simulation, HAPS, LEO-600, LEO-1200 and GEO are calibrated and results are summarized in Table A.2-1, 2-2, 2-3 and 2-4. 
Note: The “-” means the data was not provided by its corresponding contributor.
Table A.2-1 Calibration summary for NTN DL Rural cases
	Calibration metrics
	DL Coupling Loss
	DL Geometry SINR

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	LEO-600
	Samsung
	123.60
	125.25
	126.98
	-2.49
	-0.41
	2.23

	
	Qualcomm
	123.69
	125.38
	127.13
	-2.72
	-0.72
	2.16

	
	CATT
	123.59
	125.21
	127.10
	-3.07
	-0.84
	2.22

	
	THALES
	123.75
	125.84
	127.90
	-3.86
	-1.40
	2.17

	
	Huawei
	123.54
	125.63
	129.16
	7.44
	10.91
	12.97

	
	Xiaomi
	123.61
	125.15
	126.93
	-3.01
	-0.59
	2.02

	
	ZTE
	123.66
	125.57
	127.64
	-3.05
	-0.22
	3.65

	
	Nokia
	123.68
	125.33
	127.05
	-3.10
	-1.16
	0.94

	
	Ericsson
	-
	-
	-
	-2.58
	6.97
	9.95

	
	FhG
	123.61
	125.37
	127.07
	-3.48
	-1.19
	1.36

	
	Variance
	0.00
	0.04
	0.46
	10.03
	16.13
	14.92

	
	Mean
	123.64
	125.41
	127.44
	-1.99
	1.14
	3.97

	LEO-1200
	Samsung
	129.61
	131.27
	132.99
	-2.47
	-0.40
	2.23

	
	Qualcomm
	129.60
	131.21
	132.91
	-2.35
	-0.42
	2.13

	
	CATT
	129.56
	131.20
	132.86
	-2.21
	-0.54
	2.08

	
	THALES
	129.68
	131.51
	133.28
	-2.91
	-0.79
	2.27

	
	Huawei
	129.48
	131.28
	133.83
	1.47
	7.62
	12.76

	
	Xiaomi
	129.68
	131.21
	132.94
	-2.55
	-0.70
	1.65

	
	ZTE
	129.71
	131.53
	133.31
	-2.42
	-0.18
	3.66

	
	Nokia
	129.70
	131.36
	133.10
	-3.09
	-1.20
	0.94

	
	Ericsson
	-
	-
	-
	-3.04
	6.14
	10.22

	
	FhG
	129.75
	131.30
	132.97
	-3.36
	-1.11
	1.20

	
	Variance
	0.01
	0.01
	0.08
	1.70
	9.31
	15.16

	
	Mean
	129.64
	131.32
	133.13
	-2.29
	0.84
	3.91

	GEO
	Samsung
	138.15
	139.85
	141.61
	-3.77
	-1.79
	0.50

	
	Qualcomm
	138.11
	139.76
	141.49
	-3.75
	-1.97
	0.29

	
	CATT
	137.97
	139.80
	141.51
	-3.74
	-2.08
	0.36

	
	THALES
	138.23
	140.07
	141.90
	-3.86
	-1.85
	1.05

	
	Huawei
	139.45
	140.61
	142.00
	-1.04
	0.26
	1.27

	
	Xiaomi
	138.54
	140.07
	141.77
	-3.76
	-1.94
	0.23

	
	ZTE
	137.81
	140.36
	142.92
	-3.81
	-2.24
	-0.02

	
	Nokia
	137.95
	140.21
	142.49
	-3.91
	-2.06
	-0.08

	
	Ericsson
	-
	-
	-
	-6.62
	-0.18
	3.60

	
	FhG
	138.43
	139.99
	141.80
	-5.18
	-2.75
	-0.59

	
	Variance
	0.21
	0.07
	0.20
	1.72
	0.79
	1.22

	
	Mean
	138.29
	140.08
	141.94
	-3.94
	-1.66
	0.66

	HAPS
	Nokia
	112.15
	118.78
	142.92
	-7.82
	10.20
	17.05

	
	Qualcomm
	114.14
	118.70
	141.92
	-12.54
	10.19
	18.46

	
	Variance
	0.99
	0.00
	0.25
	5.58
	0.00
	0.50

	
	Mean
	113.14
	118.74
	142.42
	-10.18
	10.20
	17.75



Table A.2-2 Calibration summary for NTN DL Urban cases
	Calibration metrics
	DL Coupling Loss
	DL Geometry SINR

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	LEO-600
	Samsung
	118.57
	125.31
	132.31
	-2.67
	-0.50
	2.17

	
	Qualcomm
	118.56
	125.21
	132.93
	-2.94
	-0.84
	2.12

	
	CATT
	118.94
	125.50
	132.25
	-2.51
	-0.35
	2.25

	
	THALES
	119.00
	125.67
	132.50
	-3.93
	-1.50
	2.13

	
	Huawei
	120.16
	125.74
	131.63
	1.80
	9.01
	15.14

	
	Xiaomi
	119.19
	125.45
	132.56
	-2.69
	-0.79
	1.57

	
	ZTE
	118.90
	125.58
	132.40
	-3.05
	-0.61
	3.37

	
	Ericsson
	-
	-
	-
	-3.66
	4.92
	13.77

	
	Nokia
	118.71
	125.16
	131.68
	-3.53
	-1.15
	2.42

	
	FhG
	119.50
	125.89
	133.01
	-11.24
	-3.00
	3.96

	
	Variance
	0.23
	0.05
	0.20
	9.11
	11.73
	23.37

	
	Mean
	119.06
	125.50
	132.36
	-3.44
	0.52
	4.89

	LEO-1200
	Samsung
	124.61
	131.33
	138.34
	-2.64
	-0.50
	2.17

	
	Qualcomm
	124.35
	131.34
	138.33
	-2.49
	-0.50
	2.12

	
	CATT
	125.02
	131.78
	137.85
	-2.63
	-0.37
	2.23

	
	THALES
	124.60
	131.40
	138.00
	-3.00
	-0.88
	2.23

	
	Huawei
	123.64
	131.62
	139.59
	-4.73
	6.35
	14.64

	
	Xiaomi
	125.02
	131.28
	138.73
	-2.62
	-0.77
	1.57

	
	ZTE
	124.71
	131.52
	138.22
	-2.40
	-0.32
	3.45

	
	Ericsson
	-
	-
	-
	-3.67
	4.81
	14.30

	
	Nokia
	123.97
	130.42
	136.92
	-3.58
	-1.27
	2.28

	
	FhG
	125.31
	131.45
	138.08
	-10.40
	-2.51
	4.21

	
	Variance
	0.25
	0.13
	0.45
	5.29
	7.18
	23.32

	
	Mean
	124.58
	131.35
	138.23
	-3.82
	0.40
	4.92

	GEO
	Samsung
	133.18
	139.90
	146.93
	-5.72
	-2.09
	1.10

	
	Qualcomm
	132.93
	139.89
	146.94
	-5.83
	-2.21
	0.92

	
	CATT
	132.50
	139.69
	146.40
	-5.39
	-2.16
	1.03

	
	THALES
	133.30
	139.97
	146.60
	-4.97
	-2.16
	1.34

	
	Huawei
	132.43
	138.44
	145.29
	-5.93
	-0.54
	6.53

	
	Xiaomi
	133.23
	139.68
	146.97
	-5.24
	-2.63
	-0.56

	
	ZTE
	133.72
	140.50
	146.99
	-5.23
	-2.51
	-0.11

	
	Ericsson
	-
	-
	-
	-7.49
	-0.59
	7.41

	
	FhG
	132.74
	139.69
	146.97
	-11.58
	-3.57
	4.35

	
	Variance
	0.17
	0.30
	0.30
	3.86
	0.81
	7.54

	
	Mean
	133.00
	139.72
	146.64
	-6.38
	-2.05
	2.45

	HAPS
	Nokia
	111.39
	145.66
	164.30
	-29.10
	-10.47
	16.29

	
	Qualcomm
	112.00
	143.12
	159.76
	-30.86
	-10.70
	20.84

	
	Variance
	0.09
	1.61
	5.14
	0.77
	0.01
	5.17

	
	Mean
	111.69
	144.39
	162.03
	-29.98
	-10.58
	18.57



Table A.2-3 Calibration summary for NTN UL Rural cases
	Calibration metrics
	UL Coupling Loss
	UL Geometry SINR
	UL UE Tx Power

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	LEO-600
	Samsung
	123.60
	125.25
	126.98
	-5.51
	-3.07
	-0.70
	23.00
	23.00
	23.00

	
	Qualcomm
	123.64
	125.37
	127.14
	-5.43
	-2.92
	-0.42
	23.00
	23.00
	23.00

	
	CATT
	123.68
	125.47
	127.29
	-7.22
	-1.78
	0.42
	-
	-
	-

	
	THALES
	123.75
	125.84
	127.90
	-6.16
	-3.76
	-1.31
	23.00
	23.00
	23.00

	
	Huawei
	123.54
	125.63
	129.16
	-5.12
	-1.31
	0.60
	23.00
	23.00
	23.00

	
	Xiaomi
	123.66
	125.22
	126.92
	-5.14
	-2.60
	0.18
	23.00
	23.00
	23.00

	
	ZTE
	123.83
	125.65
	127.46
	-5.45
	-3.04
	-0.55
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-14.64
	-8.63
	-3.87
	-
	-
	-

	
	FhG
	123.85
	125.27
	127.12
	-5.98
	-3.47
	-1.38
	23.00
	23.00
	23.00

	
	Variance
	0.01
	0.04
	0.48
	8.19
	3.96
	1.63
	0.00
	0.00
	0.00

	
	Mean
	123.69
	125.46
	127.50
	-6.74
	-3.40
	-0.78
	23.00
	23.00
	23.00

	LEO-1200
	Samsung
	129.62
	131.27
	132.99
	-9.44
	-7.60
	-5.83
	23.00
	23.00
	23.00

	
	Qualcomm
	129.56
	131.18
	132.89
	-9.40
	-7.61
	-5.78
	23.00
	23.00
	23.00

	
	CATT
	129.72
	131.31
	132.85
	-8.84
	-6.97
	-5.28
	-
	-
	-

	
	THALES
	129.68
	131.51
	133.28
	-9.46
	-7.68
	-5.75
	23.00
	23.00
	23.00

	
	Huawei
	129.48
	131.28
	133.83
	-9.48
	-6.85
	-5.18
	23.00
	23.00
	23.00

	
	Xiaomi
	129.61
	131.23
	132.93
	-7.97
	-6.09
	-4.20
	23.00
	23.00
	23.00

	
	ZTE
	129.60
	131.38
	133.25
	-9.27
	-7.32
	-5.63
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-19.05
	-13.42
	-9.84
	-
	-
	-

	
	FhG
	129.68
	131.28
	133.06
	-9.51
	-7.69
	-5.98
	23.00
	23.00
	23.00

	
	Variance
	0.01
	0.01
	0.09
	9.87
	4.03
	2.16
	0.00
	0.00
	0.00

	
	Mean
	129.62
	131.31
	133.14
	-10.27
	-7.91
	-5.94
	23.00
	23.00
	23.00

	GEO
	Samsung
	138.15
	139.85
	141.59
	-20.31
	-18.54
	-16.85
	23.00
	23.00
	23.00

	
	Qualcomm
	138.06
	139.73
	141.47
	-20.21
	-18.47
	-16.78
	23.00
	23.00
	23.00

	
	CATT
	138.07
	139.61
	141.26
	-19.86
	-18.24
	-16.70
	-
	-
	-

	
	THALES
	138.23
	140.07
	141.90
	-20.37
	-18.55
	-16.68
	23.00
	23.00
	23.00

	
	Huawei
	139.45
	140.61
	142.00
	-17.89
	-16.73
	-15.61
	23.00
	23.00
	23.00

	
	Xiaomi
	138.10
	139.59
	141.16
	-18.98
	-17.45
	-15.92
	23.00
	23.00
	23.00

	
	ZTE
	137.76
	140.33
	142.91
	-18.35
	-15.72
	-13.37
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-30.59
	-25.37
	-21.63
	-
	-
	-

	
	FhG
	138.33
	139.76
	141.56
	-20.26
	-18.49
	-17.06
	23.00
	23.00
	23.00

	
	Variance
	0.22
	0.12
	0.27
	12.84
	6.56
	4.15
	0.00
	0.00
	0.00

	
	Mean
	138.27
	139.94
	141.73
	-20.76
	-18.62
	-16.73
	23.00
	23.00
	23.00

	HAPS
	Nokia
	112.20
	118.96
	143.51
	-11.47
	10.01
	14.49
	13.75
	20.51
	23.00

	
	Qualcomm
	114.14
	118.70
	141.92
	-9.93
	10.59
	14.85
	15.69
	20.25
	23.00

	
	Variance
	0.94
	0.02
	0.64
	0.60
	0.09
	0.03
	0.93
	0.02
	0.00

	
	Mean
	113.17
	118.83
	142.72
	-10.70
	10.30
	14.67
	14.72
	20.38
	23.00



Table A.2-4 Calibration summary for NTN UL Urban cases
	Calibration metrics
	UL Coupling Loss
	UL Geometry SINR
	UL UE Tx Power

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	LEO-600
	Samsung
	118.58
	125.30
	132.31
	-11.38
	-3.64
	3.57
	23.00
	23.00
	23.00

	
	Qualcomm
	118.71
	125.16
	132.66
	-11.83
	-3.91
	2.64
	23.00
	23.00
	23.00

	
	CATT
	118.41
	125.45
	132.54
	-11.13
	-3.89
	2.97
	-
	-
	-

	
	THALES
	119.00
	125.67
	132.50
	-11.15
	-3.92
	2.70
	23.00
	23.00
	23.00

	
	Huawei
	120.16
	125.74
	131.63
	-11.52
	-4.25
	1.70
	23.00
	23.00
	23.00

	
	Xiaomi
	118.63
	125.29
	132.62
	-11.20
	-3.19
	4.57
	23.00
	23.00
	23.00

	
	ZTE
	118.92
	125.71
	132.43
	-11.19
	-3.75
	3.56
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-17.17
	-8.77
	0.15
	-
	-
	-

	
	FhG
	117.88
	125.14
	132.15
	-11.34
	-4.04
	3.87
	23.00
	23.00
	23.00

	
	Variance
	0.37
	0.05
	0.10
	3.40
	2.49
	1.52
	0.00
	0.00
	0.00

	
	Mean
	118.79
	125.43
	132.35
	-11.99
	-4.37
	2.86
	23.00
	23.00
	23.00

	LEO-1200
	Samsung
	124.60
	131.32
	138.32
	-15.10
	-7.94
	-1.13
	23.00
	23.00
	23.00

	
	Qualcomm
	124.40
	131.30
	138.36
	-15.23
	-8.01
	-0.95
	23.00
	23.00
	23.00

	
	CATT
	123.95
	131.27
	137.95
	-13.61
	-6.83
	-0.26
	-
	-
	-

	
	THALES
	124.60
	131.40
	138.00
	-14.36
	-7.79
	-1.27
	23.00
	23.00
	23.00

	
	Huawei
	123.64
	131.62
	139.59
	-16.30
	-7.25
	-0.41
	23.00
	23.00
	23.00

	
	Xiaomi
	124.84
	131.32
	138.61
	-13.72
	-6.53
	0.40
	23.00
	23.00
	23.00

	
	ZTE
	124.73
	131.47
	138.22
	-14.30
	-7.40
	-0.51
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-21.09
	-13.52
	-5.47
	-
	-
	-

	
	FhG
	124.30
	130.66
	137.02
	-14.02
	-7.35
	-0.89
	23.00
	23.00
	23.00

	
	Variance
	0.15
	0.07
	0.45
	4.83
	3.93
	2.55
	0.00
	0.00
	0.00

	
	Mean
	124.38
	131.30
	138.26
	-15.30
	-8.07
	-1.17
	23.00
	23.00
	23.00

	GEO
	Samsung
	133.17
	139.89
	146.92
	-25.64
	-18.62
	-11.90
	23.00
	23.00
	23.00

	
	Qualcomm
	132.96
	139.86
	146.90
	-25.69
	-18.61
	-11.73
	23.00
	23.00
	23.00

	
	CATT
	133.28
	139.84
	147.04
	-24.99
	-18.36
	-11.24
	-
	-
	-

	
	THALES
	133.30
	139.97
	146.60
	-25.25
	-18.47
	-11.80
	23.00
	23.00
	23.00

	
	Huawei
	132.43
	138.44
	145.29
	-24.06
	-17.38
	-11.26
	23.00
	23.00
	23.00

	
	Xiaomi
	133.03
	139.55
	146.75
	-24.19
	-17.39
	-10.63
	23.00
	23.00
	23.00

	
	ZTE
	133.58
	140.24
	146.91
	-22.79
	-15.32
	-8.86
	23.00
	23.00
	23.00

	
	Ericsson
	-
	-
	-
	-32.17
	-25.29
	-17.44
	-
	-
	-

	
	FhG
	133.46
	140.15
	147.08
	-25.79
	-18.93
	-12.26
	23.00
	23.00
	23.00

	
	Variance
	0.11
	0.28
	0.30
	6.22
	6.50
	4.73
	0.00
	0.00
	0.00

	
	Mean
	133.15
	139.74
	146.69
	-25.62
	-18.71
	-11.90
	23.00
	23.00
	23.00

	HAPS
	Nokia
	111.39
	145.66
	164.30
	-28.44
	-10.17
	14.88
	12.94
	23.00
	23.00

	
	Qualcomm
	111.89
	143.11
	158.93
	-26.02
	-8.42
	14.90
	13.44
	23.00
	23.00

	
	Variance
	0.06
	1.62
	7.21
	1.46
	0.76
	0.00
	0.06
	0.00
	0.00

	
	Mean
	111.64
	144.38
	161.61
	-27.23
	-9.29
	14.89
	13.19
	23.00
	23.00






[bookmark: _Toc87889314][bookmark: _Toc87952051]Annex B:
Calibration results of TN components
[bookmark: _Toc87889315][bookmark: _Toc87952052]B.1 Calibration assumptions
Assumptions in Section 6.2 are adopted as baseline for calibration. It should be noted there are different parts which are listed in Table B.1-1.

Table B.1-1 TN Assumptions for calibration
	Calibration assumptions

	TN AAS
	Rural
	 Element gain: 7.1 dBi

	
	
	 3dB: H 90 / V 54

	
	
	 Front-back: 30 H/V

	
	
	 Array: 8x8

	
	
	 Element spacing: H 0.5/V 0.9

	
	
	 Conducted Tx: 25 dBm

	
	
	 Ohmic loss: 2 dB

	
	
	 Mechanical downtilt: 3 deg 

	
	
	Polarization gain 3 dB

	
	
	 #UE: 1 DL/ 3 UL 

	
	
	100% Outdoor

	
	
	ISD 7.5 KM

	
	Urban
	Element gain: 6.4 dBi

	
	
	 3dB: H 90 / V 65

	
	
	 Front-back: 30 H/V

	
	
	 Array: 8x8

	
	
	 Element spacing: H 0.5/V 0.7

	
	
	 Conducted Tx: 25 dBm

	
	
	 Ohmic loss: 2 dB

	
	
	 Mechanical downtilt: 10 deg 

	
	
	Polarization gain 3 dB

	
	
	 #UE: 1 DL/ 3 UL 

	
	
	100% Outdoor

	
	
	ISD 0.75 KM

	TN non-AAS
	Antenna gain
	17 dBi

	
	Conducted Tx
	46 dBm 

	
	3dB
	R4-2108645 Section 2.4.2

	
	Front-back
	

	
	Mechanical downtilt
	 Rural 3 / Urban 10


[bookmark: _Toc87889316][bookmark: _Toc87952053]B.2 Calibration results
The calibration results include SINR and coupling loss distributions in DL, and SINR, coupling loss and transmit power distributions in UL. Both rural macro and urban macro propagation models defined in TR 38.901 are considered. NR BS with AAS and non-AAS antennas are calibrated separately and results are summarized in Table B.2-1, 2-2 and 2-3. [NB-IoT scenarios are not calibrated.]
Note: The “-” means the data was not provided by its corresponding contributor.
Table B.2-1 Calibration summary for TN NR AAS DL cases
	Calibration metrics
	DL Coupling Loss
	DL Geometry SINR

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	Urban Macro
	Samsung
	60.05
	88.58
	98.98
	8.47
	24.01
	45.77

	
	Huawei
	52.84
	85.79
	103.53
	5.75
	22.23
	43.40

	
	Qualcomm
	57.89
	87.11
	100.61
	5.08
	19.51
	43.65

	
	Nokia
	59.04
	87.59
	99.32
	12.42
	20.15
	36.50

	
	Ericsson
	-
	-
	-
	6.66
	19.58
	39.57

	
	ZTE
	58.76
	86.90
	99.74
	5.63
	20.56
	45.14

	
	Variance
	6.42
	0.83
	2.69
	6.35
	2.62
	10.70

	
	Mean
	57.72
	87.19
	100.44
	7.33
	21.01
	42.34

	Rural Macro
	Samsung
	78.09
	116.25
	127.96
	4.52
	16.53
	37.71

	
	Huawei
	77.53
	114.99
	128.13
	3.02
	15.15
	31.35

	
	Qualcomm
	78.27
	116.81
	131.58
	0.17
	12.60
	35.83

	
	Nokia
	78.55
	116.18
	127.72
	5.60
	14.93
	28.23

	
	Ericsson
	-
	-
	-
	10.03
	20.17
	37.72

	
	Variance
	0.14
	0.44
	2.51
	10.51
	6.21
	14.21

	
	Mean
	78.11
	116.06
	128.85
	4.67
	15.87
	34.17



Table B.2-2 Calibration summary for TN NR non-AAS DL cases
	Calibration metrics
	DL Coupling Loss
	DL Geometry SINR

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	Urban Macro
	Samsung
	73.23
	99.36
	110.33
	-1.76
	6.99
	14.85

	
	Huawei
	70.73
	99.50
	113.81
	-5.02
	5.47
	14.44

	
	Qualcomm
	71.85
	99.44
	113.47
	-4.03
	4.52
	14.81

	
	ZTE
	71.00
	99.00
	112.09
	-2.89
	5.24
	14.99

	
	Variance
	0.95
	0.04
	1.88
	1.50
	0.81
	0.04

	
	Mean
	71.70
	99.32
	112.43
	-3.42
	5.55
	14.77

	Rural Macro
	Samsung
	87.82
	125.94
	138.22
	-4.25
	5.77
	15.42

	
	Huawei
	93.87
	126.75
	141.60
	-8.93
	1.10
	15.33

	
	Qualcomm
	89.63
	127.43
	142.65
	-7.37
	2.54
	15.47

	
	Variance
	6.43
	0.37
	3.58
	3.78
	3.81
	0.00

	
	Mean
	90.44
	126.70
	140.82
	-6.85
	3.14
	15.41



Table B.2-3 Calibration summary for TN NR AAS UL cases
	Calibration metrics
	UL Coupling Loss
	UL Geometry SINR
	UL UE Tx Power

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	Urban Macro
	Samsung
	60.00
	88.58
	99.02
	3.42
	14.01
	14.96
	-25.77
	2.81
	13.25

	
	Huawei
	52.84
	85.79
	103.53
	7.53
	13.89
	14.89
	-31.46
	4.14
	16.51

	
	Qualcomm
	62.00
	91.09
	104.80
	1.33
	10.10
	13.87
	-23.77
	5.32
	19.03

	
	Nokia
	59.04
	87.59
	99.32
	10.98
	14.55
	15.10
	-27.23
	1.32
	13.05

	
	Ericsson
	-
	-
	-
	6.83
	12.94
	15.08
	-28.52
	-1.70
	13.98

	
	ZTE
	58.43
	87.22
	98.46
	5.47
	13.42
	14.81
	-27.59
	1.20
	12.44

	
	Variance
	9.37
	3.11
	6.81
	9.41
	2.11
	0.18
	5.61
	5.14
	5.41

	
	Mean
	58.46
	88.05
	101.03
	5.93
	13.15
	14.78
	-27.39
	2.18
	14.71

	Rural Macro
	Samsung
	78.00
	116.25
	127.95
	-4.86
	7.03
	14.96
	-7.77
	23.00
	23.00

	
	Huawei
	77.53
	114.99
	128.13
	-10.84
	4.42
	14.86
	-3.46
	23.00
	23.00

	
	Qualcomm
	82.05
	120.47
	135.46
	-13.41
	2.07
	14.69
	-3.72
	23.00
	23.00

	
	Nokia
	78.42
	116.20
	127.85
	-4.15
	7.69
	15.17
	-7.85
	22.99
	22.99

	
	Ericsson
	-
	-
	-
	3.30
	13.55
	15.14
	-8.00
	21.55
	23.00

	
	Variance
	3.20
	4.32
	10.50
	33.91
	14.88
	0.03
	4.41
	0.34
	0.00

	
	Mean
	79.00
	116.98
	129.85
	-5.99
	6.95
	14.96
	-6.16
	22.71
	23.00



Table B.2-3 Calibration summary for TN NR non-AAS UL cases
	Calibration metrics
	UL Coupling Loss
	UL Geometry SINR
	UL UE Tx Power

	CDF percentile
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%
	@5%
	@50%
	@95%

	Urban Macro
	Samsung
	73.18
	99.31
	110.33
	-10.99
	4.31
	9.49
	-12.59
	13.54
	23.00

	
	Huawei
	70.73
	99.50
	113.81
	-6.46
	3.08
	8.88
	-10.26
	18.51
	23.00

	
	Qualcomm
	71.53
	99.51
	113.45
	-3.52
	3.36
	8.00
	-14.24
	13.74
	23.00

	
	ZTE
	70.11
	98.57
	111.77
	-1.39
	3.87
	8.01
	-16.23
	12.57
	23.00

	
	Variance
	1.32
	0.15
	1.94
	12.98
	0.22
	0.39
	4.79
	5.32
	0.00

	
	Mean
	71.39
	99.22
	112.34
	-5.59
	3.65
	8.60
	-13.33
	14.59
	23.00

	Rural Macro
	Samsung
	87.78
	125.93
	138.22
	-17.23
	-3.82
	14.65
	2.01
	23.00
	23.00

	
	Huawei
	93.87
	126.75
	141.60
	-24.83
	-9.72
	14.75
	12.88
	23.00
	23.00

	
	Qualcomm
	89.53
	127.64
	142.62
	-21.39
	-5.65
	14.33
	3.76
	23.00
	23.00

	
	Variance
	6.55
	0.49
	3.54
	9.66
	6.07
	0.03
	22.71
	0.00
	0.00

	
	Mean
	90.39
	126.77
	140.81
	-21.15
	-6.40
	14.58
	6.22
	23.00
	23.00
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