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------------------------------ Modified section ------------------------------
[bookmark: _Toc11154][bookmark: _Toc121932930][bookmark: _Toc121908644][bookmark: _Toc124186439]1	Scope
[bookmark: references]The present document establishes the minimum RF characteristics and minimum performance requirements of  Satellite Access Node (SAN) supporting standalone NB-IoT operation or E-UTRA.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc12787][bookmark: _Toc121932931][bookmark: _Toc121908645][bookmark: _Toc124186440]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]	ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain".
[3]	3GPP TS 36.181: "Evolved Universal Terrestrial Radio Access (E-UTRA); Satellite Access Node conformance testing; Satellite Node conformance testing".
[4]	ITU-R Recommendation M.1545: "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000".
[5]	ITU-R Recommendation SM.328: "Spectra and bandwidth of emissions".
[6]	ITU-R Recommendation SM.1541-6: "Unwanted emissions in the out-of-band domain".
[7]	3GPP TS 38.108: “Satellite Access Node radio transmission and reception”.
[8]	3GPP TS 36 104: "E-UTRA Base Station (BS) radio transmission and reception".
[9]	3GPP TS 36.331: “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”
[10]	3GPP TS 36.211: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
------------------------------ Next modified section ------------------------------
[bookmark: _Toc31301][bookmark: _Toc121932933][bookmark: _Toc121908647][bookmark: _Toc124186442]3.1	Definitions
For the purposes of the present document, the terms given in 3GPP 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 3GPP TR 21.905 [1].
SAN RF Bandwidth: RF bandwidth in which a SAN transmits and/or receives single or multiple carrier(s) within a supported operating band.
NOTE:	In single carrier operation, the SAN RF Bandwidth is equal to the SAN channel bandwidth.
SAN RF Bandwidth edge: frequency of one of the edges of the SAN RF Bandwidth.
basic limit: emissions limit relating to the power supplied by a single transmitter to a single antenna transmission line in ITU-R SM.329 [2] used for the formulation of unwanted emission requirements for FR1.
beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.
NOTE:	For certain antenna array, there may be more than one beam.
beam centre direction: direction equal to the geometric centre of the half-power contour of the beam.
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction.
beam peak direction: direction where the maximum EIRP is found.
beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse.
SAN channel bandwidth: RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink.
NOTE 1:	The SAN channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
NOTE 2:	It is possible for the SAN to transmit to and/or receive from one or more satellite UE bandwidth parts that are smaller than or equal to the SAN transmission bandwidth configuration, in any part of the SAN transmission bandwidth configuration.
SAN transmission bandwidth configuration: set of resource blocks located within the SAN channel bandwidth which may be used for transmitting or receiving by the SAN.
Satellite Access Node (SAN): node providing E-UTRA user plane and control plane protocol terminations towards NTN Satellite capable UE, and connected via the NG interface to the 5GC. It encompass a transparent NTN payload on board a NTN platform, a gateway and gNB functions.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc10575][bookmark: _Toc121932935][bookmark: _Toc121908649][bookmark: _Toc124186444]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].
AA	Antenna Array
AAS	Active Antenna System
ACLR	Adjacent Channel Leakage Ratio
------------------------------ Next modified section ------------------------------
[bookmark: _Toc27076][bookmark: _Toc121932942][bookmark: _Toc121908656][bookmark: _Toc124186451]4.4	Satellite Access Node classes
The requirements in this specification apply to Satellite Access Node unless otherwise stated. The associated deployment scenarios are exactly the same for SAN with and without connectors.
For SAN type 1-O and SAN type 1-H, two SAN classes (LEO and GEO) are currently defined in table 4.4-1.
Table 4.4-1 SAN classes
------------------------------ Next modified section ------------------------------
[bookmark: _Toc32372][bookmark: _Toc121932947][bookmark: _Toc121908661][bookmark: _Toc124186456]5.2	Operating bands
EUTRA SAN is designed to operate in the operating bands defined in Table 5.2-1.
Table 5.2-1 E-UTRA operating bands for satellite access
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS SAN receive
UE transmit
	Downlink (DL) operating band
BS SAN transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	256
	1980 MHz
	–
	2010 MHz
	2170 MHz
	–
	2200 MHz
	FDD

	255
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	NOTE: Satellite bands are numbered in descending order from 256.



------------------------------ Next modified section ------------------------------
[bookmark: _Toc111062015][bookmark: _Toc117689377][bookmark: _Toc121932951][bookmark: _Toc121908665][bookmark: _Toc124186460]5.3A	Channel bandwidth for category M1
The requirements in present document are specified for the channel bandwidth listed in Table 5.3A-1.
Table 5.3A-1: Transmission bandwidth configuration NRB in E-UTRA channel bandwidths
	Channel bandwidth BWChannel [MHz](MHz)
	1.4

	Transmission bandwidth configuration NRB
	6



------------------------------ Next modified section ------------------------------
[bookmark: _Toc117689378][bookmark: _Toc121932952][bookmark: _Toc121908666][bookmark: _Toc124186461]5.3B	Channel bandwidth for category NB1 and NB2
For category NB1 and NB2, requirements in present document are specified for the channel bandwidth listed in Table 5.3B-1.
Table 5.3B-1: Transmission bandwidth configuration NRB, Ntone 15kHz and Ntone 3.75kHz in NB1 and NB2 channel bandwidth
	Channel bandwidth BWChannel [kHz](kHz)
	200

	Transmission bandwidth configuration NRB
	1

	Transmission bandwidth configuration Ntone 15kHz
	12

	Transmission bandwidth configuration Ntone 3.75kHz 
	48



------------------------------ Next modified section ------------------------------
[bookmark: _Toc368026209][bookmark: _Toc117689381][bookmark: _Toc111062020][bookmark: _Toc121932956][bookmark: _Toc121908670][bookmark: _Toc124186465]5.4A.2	Channel raster, carrier frequency and EARFCN
The global frequency raster is defined for all frequencies. The granularity of the global frequency raster is 100 kHz, which means that the carrier centre frequency must be an integer multiple of 100 kHz. For each operating band, a subset of frequencies from the global frequency raster are applicable and forms a channel raster with a granularity ΔFRaster.
The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 – 262143. The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in Table 5.4A.2-1 and NDL is the downlink EARFCN.
	FDL = FDL_low + 0.1(NDL – NOffs-DL)
The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in Table 5.4.2-1 and NUL is the uplink EARFCN.
	FUL = FUL_low + 0.1(NUL – NOffs-UL)
The applicable channel raster and EARFCNs for each operating band are specified in Table 5.4A.2-1. 
[bookmark: _Hlk499903272]For operating bands with a channel raster of 100 kHz, every EARFCN within the operating band shall be applicable for the channel raster, and the step size for the channel raster in Table 5.4A.2‑1 is given as <1>. The broadcast parameter earfcn-LSB defined in [TS 36.331] [9] may be used to assist the UE in synchronizing to the cell.
Table 5.4A.2-1: E-UTRA channel numbers
	E-UTRA Operating
Band
	ΔFRaster (kHz)
	Downlink
	Uplink

	
	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
(First – <Step size> – Last)
	FUL_low (MHz)
	NOffs-UL
	Range of NUL
(First – <Step size> – Last)

	256
	100
	2170
	229076
	229076 –<1>- 229375
	1980
	261844
	261844 –<1>- 262143

	255
	100
	1525
	228736
	228736 –<1>- 229075
	1626.5
	261504
	261504 –<1>- 261843

	NOTE 1:	The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 7 channel numbers at the lower operating band edge and the last 6 channel numbers at the upper operating band edge shall not be used for channel bandwidth of 1.4 MHz.



------------------------------ Next modified section ------------------------------
[bookmark: _Toc114242174][bookmark: _Toc121932967][bookmark: _Toc121908681][bookmark: _Toc124186476]6.3.3.1	General
The SAN total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
For SAN type 1-H this requirement shall apply at each TAB connector supporting transmission in the operating band.
NOTE 1:	The upper limit of the dynamic range is the OFDM symbol power for a SAN when transmitting on all RBs at maximum output power. The lower limit of the total power dynamic range is the average power for single RB transmission. The OFDM symbol shall carry PDSCH and not contain RS or SSB.

------------------------------ Next modified section ------------------------------
[bookmark: _Toc121932971][bookmark: _Toc121908685][bookmark: _Toc124186480][bookmark: _Toc27752]6.5.1	Frequency error
Frequency error is the measure of the difference between the actual BSSAN transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
[bookmark: _Toc29478441][bookmark: _Toc45826231][bookmark: _Toc20997762][bookmark: _Toc75173357][bookmark: _Toc82893974][bookmark: _Toc66869382][bookmark: _Toc89684505][bookmark: _Toc45825475][bookmark: _Toc98574646][bookmark: _Toc37173239][bookmark: _Toc45825979][bookmark: _Toc52466397][bookmark: _Toc66872200][bookmark: _Toc37162911][bookmark: _Toc45825727][bookmark: _Toc35933039][bookmark: _Toc44754047][bookmark: _Toc76497173][bookmark: _Toc35935327][bookmark: _Toc37173491][bookmark: _Toc121932972][bookmark: _Toc121908686][bookmark: _Toc124186481]6.5.1.1	Minimum requirement
For E-UTRA, the modulated carrier frequency of each E-UTRA carrier configured by the BSSAN shall be accurate to within the accuracy range given in Table 6.5.1-1 observed over a period of one subframe (1ms).
For NB-IoT, the modulated carrier frequency of each NB-IoT carrier configured by the BSSAN shall be accurate to within the accuracy range given in Table 6.5.1-1 observed over a period of one subframe (1ms).
Table 6.5.1-1: Frequency error minimum requirement
	BS SAN class
	Accuracy

	SAN tType 1-H
	±0.05 ppm



------------------------------ Next modified section ------------------------------
[bookmark: _Toc121932973][bookmark: _Toc121908687][bookmark: _Toc124186482][bookmark: _Toc8272]6.5.2	Modulation quality
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex B. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.
For E-UTRA, for all bandwidths, the EVM measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10 ms measurement periods for subframe TTI, and over all allocated resource blocks and downlink sTTIs within 10 ms measurement periods for sTTI. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each E-UTRA carrier for different modulation schemes on PDSCH or sPDSCH shall be better than the limits in table 6.5.2-1:
Table 6.5.2-1: EVM requirements for E-UTRA carrier
	Modulation scheme for PDSCH or sPDSCH
	Required EVM (%)

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM (NOTE)
	8 %

	NOTE:	EVM requirement for 64QAM is optional.



For NB-IoT, for all bandwidths, the EVM measurement shall be performed for each NB-IoT carrier over all allocated resource and downlink subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each NB-IoT carrier on NB-PDSCH shall be better than the limits in Table 6.5.2-2:
Table 6.5.2-2: EVM requirements for NB-IoT carrier
	Modulation scheme for NB-PDSCH
	Required EVM (%)

	QPSK
	17.5 %

	16QAM
	12.5%



The EVM quality requirements in clause 6.5.2 in TS 36.104 [8] apply except for 256QAM and 1024QAM.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc121932975][bookmark: _Toc121908689][bookmark: _Toc124186484]6.5.4	DL RS power
DL RS power requirements in clause 6.5.4 in TS 36.104 [8] apply.
6.5.4.1	General
For E-UTRA, DL RS power is the resource element power of the Downlink Reference Symbol.
The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier at the SAN antenna connector.
For NB-IoT, DL NRS power is the resource element power of the Downlink Narrow-band Reference Signal.
The absolute DL NRS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL NRS power indicated on the DL-SCH and the DL NRS power of each NB-IoT carrier at the SAN antenna connector.
[bookmark: _Toc20997767][bookmark: _Toc29478446][bookmark: _Toc35933044][bookmark: _Toc35935332][bookmark: _Toc37162916][bookmark: _Toc37173244][bookmark: _Toc37173496][bookmark: _Toc44754052][bookmark: _Toc45825480][bookmark: _Toc45825732][bookmark: _Toc45825984][bookmark: _Toc45826236][bookmark: _Toc52466402][bookmark: _Toc66869387][bookmark: _Toc66872205][bookmark: _Toc75173362][bookmark: _Toc76497178][bookmark: _Toc82893979][bookmark: _Toc89684510][bookmark: _Toc98574651][bookmark: _Toc123306879][bookmark: _Toc123308024][bookmark: _Toc124187080]6.5.4.2	Minimum requirements
For E-UTRA, DL RS power of each E-UTRA carrier shall be within  2.1 dB of the DL RS power indicated on the DL-SCH.
For NB-IoT, DL NRS power of each NB-IoT carrier shall be within  2.1 dB of the DL NRS power indicated on the DL-SCH.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc114242193][bookmark: _Toc121932982][bookmark: _Toc121908696][bookmark: _Toc124186491]6.6.3.2	Minimum requirement for SAN type 1-H
The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the transmitted signal (BWConfig) centred on the assigned channel frequency and a filter centred on the adjacent channel frequency according to the tables below.
The ACLR shall be higher than the value specified in Table 6.6.3.2-1/2.
Table 6.6.3.2-1: SAN ACLR limit for GEO class
	SAN channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	SAN adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	1.4
	BWChannel
	E-UTRA of same BW 
	Square (BWConfig) (NOTE 1)
	14

	
	2 x BWChannel
	E-UTRA of same BW 
	Square (BWConfig) (NOTE 1)
	14

	NOTE 1:	BWChannel and BWConfig are the SAN channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.



Table 6.6.3.2-2: SAN ACLR limit for LEO class
	SAN channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	SAN adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit (dB)


	1.4
	BWChannel
	E-UTRA of same BW 
	Square (BWConfig)
(NOTE 1)
	24

	
	2 x BWChannel
	E-UTRA of same BW 
	Square (BWConfig) (NOTE 1)
	[24]

	NOTE 1:	BWChannel and BWConfig are the SAN channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.



For SAN supporting standalone NB-IoT operation in paired spectrum, the ACLR shall be higher than the value specified in Table 6.6.3.2-3 and Table 6.6.3.2-4.
Table 6.6.3.2-3: ACLR limit of SAN supporting standalone NB-IoT operation for GEO class
	Channel bandwidth of NB-IoT lowest/highest carrier transmitted BWChannel [kHz](kHz) 
	BSSAN adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	200
	[200 kHz]
	Standalone NB-IoT
	Square (180 kHz)
	14

	
	[400 kHz]
	Standalone NB-IoT
	Square (180 kHz)
	14



Table 6.6.3.2-4: ACLR limit of SAN supporting standalone NB-IoT operation for LEO class
	Channel bandwidth of NB-IoT lowest/highest carrier transmitted BWChannel [kHz](kHz) 
	BSSAN adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	200
	[200 kHz]
	Standalone NB-IoT
	Square (180 kHz)
	24

	
	[400 kHz]
	Standalone NB-IoT
	Square (180 kHz)
	24



------------------------------ Next modified section ------------------------------
[bookmark: _Toc24751][bookmark: _Toc121932984][bookmark: _Toc121908698][bookmark: _Toc124186493]6.6.4.1	General
Unless otherwise stated, the operating band unwanted emission (OBUE) limits for SAN are defined from channel edge up to frequencies separated from the channel edge by 200% of the necessary bandwidth. 
The requirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the manufacturer’s specification.
Basic limits are specified in the tables below, where:
-	f is the separation between the channel edge frequency and the nominal -3 dB point of the measuring filter closest to the carrier frequency.
-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.
-	PSDchannel represents the Power Spectral Density of the channel for a given channel bandwidth
-	BWChannel is the considered E-UTRA channel bandwidth or SAN total RF bandwidth for a given operating band.
-	 is the SAN class parameter in dB identified to characterize different SAN classes.
For a multi-carrier single-band connector the definitions above apply to the lower edge of the carrier transmitted at the lowest carrier frequency and the upper edge of the carrier transmitted at the highest carrier frequency within a specified frequency band.
-	The operating band unwanted emission basic limits of the band where there are carriers transmitted, as defined in the tables of the present clause for the largest frequency offset (fmax), shall apply from channel edge up to frequencies separated from the channel edge by 200% of the necessary bandwidth.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc12791][bookmark: _Toc121932990][bookmark: _Toc121908704][bookmark: _Toc124186499]6.6.5.2.2	Protection of the own Satellite Access Node receiver
This requirement shall be applied for E-UTRA FDD operation in order to prevent the receivers of the SAN being de-sensitized by emissions from its own SAN transmitter. It is measured at the TAB connector for SAN type 1-H hybrid AAS SAN  for any type of SAN which has common or separate Tx/Rx TAB connectors.
The spurious emission basic limits are provided in table 6.6.5.2.2-1.
Table 6.6.5.2.2-1: SAN spurious emissions basic limits for protection of the SAN receiver
	Frequency range
	Basic limits
	Measurement bandwidth

	FUL,low – FUL,high
	-96 dBm
	100 kHz


------------------------------ Next modified section ------------------------------
[bookmark: _Toc2998][bookmark: _Toc121932994][bookmark: _Toc121908708][bookmark: _Toc124186503]7.1	General
Conducted receiver characteristics are specified at the TAB connector for SAN type 1-Hhybrid AAS SAN, with full complement of transceivers for the configuration in normal operating condition.
Unless otherwise stated, the following arrangements apply for conducted receiver characteristics requirements in clause 7:
-	Requirements shall be met for any transmitter setting.
-	The requirements shall be met with the transmitter unit(s) ON.
-	Throughput requirements do not assume HARQ retransmissions.
-	When SAN is configured to receive multiple carriers, all the throughput requirements are applicable for each received carrier.
-	For ACS,  and blocking and intermodulation characteristics, the negative offsets of the interfering signal apply relative to the lower SAN RF Bandwidth edge or sub-block edge inside a sub-block gap, and the positive offsets of the interfering signal apply relative to the upper SAN RF Bandwidth edge or sub-block edge inside a sub-block gap. 
NOTE:	In normal operating condition the SAN is configured to transmit and receive at the same time.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc4314][bookmark: _Toc121932997][bookmark: _Toc121908711][bookmark: _Toc124186506]7.2.2	Minimum requirements for SAN type 1-H
For SAN supporting E-UTRA, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in annex A.1 with parameters specified in table 7.2.2-1 and 7.2.2-2 for SAN type 1-H in all operating band.
Table 7.2.2-1: Reference sensitivity levels of SAN supporting E-UTRA (GEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-104.4

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



Table 7.2.2-2: Reference sensitivity levels of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
(NOTE)

	Reference sensitivity power level, PREFSENS
 (dBm)

	1.4
	15
	FRC A1-1 in Annex A.1
	-107.5

	NOTE:	PREFSENS is the power level of a single instance of the reference measurement channel.



For SAN supporting standalone NB-IoT operation, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.1 with parameters specified in Table 7.2.2-3 and 7.2.2-4 for SAN type 1-H in all operating band.
Table 7.2.21-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN  channel bandwidth [kHz](kHz)
	Sub-carrier spacing
[kHz](kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm](dBm)

	200
	15
	FRC A14-1 in Annex A.14
	-124.9

	200
	3.75
	FRC A14-2 in Annex A.14
	-130.9



Table 7.2.12-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN  channel bandwidth [kHz](kHz)
	Sub-carrier spacing
[kHz](kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 [dBm](dBm)

	200
	15
	FRC A14-1 in Annex A.14
	-128.0

	200
	3.75
	FRC A14-2 in Annex A.14
	-134.0


------------------------------ Next modified section ------------------------------
[bookmark: _Toc5762][bookmark: _Toc121932999][bookmark: _Toc121908713][bookmark: _Toc124186508]7.3.1	General
[bookmark: _Hlk508114964]The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal at the TAB connector for SAN type 1-H inside the received SAN channel bandwidth. In this condition, a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN signal.
[bookmark: _Toc2137][bookmark: _Toc121933000][bookmark: _Toc121908714][bookmark: _Toc124186509]7.3.2	Minimum requirements for SAN type 1-H
For SAN supporting E-UTRA, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.2 with parameters specified in table 7.3.2-1 for LEO. 
Table 7.3.2-1: Dynamic range of SAN supporting E-UTRA  (LEO class payload)
	SAN   channel bandwidth [MHz](MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-82.0
	-94.4
	AWGN

	Note*:	The wanted signal mean power is the power level of a single instance of the reference measurement channel.



For SAN supporting standalone NB-IoT operation, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.2 with parameters specified in Table 7.3.2-2 and 7.3.2-3 . 
Table 7.3.2-2: Dynamic range of SAN supporting standalone NB-IoT operation  (GEO class payload)
	SAN   channel bandwidth [kHz](kHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97.3
	-93.6
	AWGN

	200
	FRC A15-2 in Annex A.15
	-103.2
	-93.6
	AWGN



Table 7.3.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN   channel bandwidth [kHz](kHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.4]
	[-85.7]
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95.3]
	[-85.7]
	AWGN


------------------------------ Next modified section ------------------------------
[bookmark: _Toc12832][bookmark: _Toc121933004][bookmark: _Toc121908718][bookmark: _Toc124186513]7.4.1.2	Minimum requirements for SAN type 1-H
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel.
For SAN supporting E-UTRA, the wanted and the interfering signal coupled to the SAN type 1-H  TAB connector are specified in table 7.4.1.2-1. The reference measurement channel for the wanted signal is identified in table 7.2.2-1 for each SAN channel bandwidth in any operating band and further specified in annex A.1. The characteristics of the interfering signal is further specified in annex C.
For SAN supporting standalone NB-IoT operation, the wanted and the interfering signal coupled to the SAN type 1-H  TAB connector are specified in table 7.4.1.2-2. The reference measurement channel for the wanted signal is identified in table 7.2.2-1 for each SAN channel bandwidth in any operating band and further specified in annex A.1. 
The characteristics of the interfering signals is are further specified in annex C.
The ACS requirement is applicable outside the SAN RF Bandwidth or Radio Bandwidth. The interfering signal offset is defined relative to the SAN RF Bandwidth edges or Radio Bandwidth edges.
Minimum conducted requirement is defined at the TAB connector for SAN type 1-H.
Table 7.4.1.2-1: ACS requirement of SAN supporting E-UTRA
	SAN channel bandwidth of the lowesthighestlowest/highest carrier received [MHz](MHz)
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm)
	 Interfering signal centre frequency offset from the lower/upper Base StationSAN RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz](MHz)
	Type of interfering signal

	1.4
	PREFSENS + 11 dB (Note)
	GEO SAN class: -57.6
LEO SAN class: -60.7

	±0.7025
	1.4 MHz E-UTRA signal

	Note:	PREFSENS depends on the channel bandwidth as specified in Table 7.2.2-1 and Table 7.2.2-2.



Table 7.4.1.2-2: ACS requirement of SAN supporting standalone NB-IoT operation
	SAN
channel bandwidth of the lowest/highest carrier received [kHz](kHz)
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm)
	Interfering signal centre frequency offset to the lower/upper Base StationSAN RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz](kHz)
	Type of interfering signal

	200
	PREFSENS + 19.5dB (Note)
	GEO SAN class: -56.6
LEO SAN class: -59.7

	±100
	180 kHz NB-IoT signal

	Note:	PREFSENS depends on the sub-carrier spacing as specified in Table 7.2.2-3 and Table 7.2.2-4.


------------------------------ Next modified section ------------------------------
[bookmark: _Toc16801][bookmark: _Toc121933007][bookmark: _Toc121908721][bookmark: _Toc124186516][bookmark: _Toc12338][bookmark: _Toc121933008][bookmark: _Toc121908722][bookmark: _Toc124186517]7.5.1	General
The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel at the TAB connector for SAN type 1-H in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking.

Table 7.5.2-2: ΔfOOB offset for E-UTRA operating bands
	SAN type
	Operating band characteristics
	ΔfOOB (MHz)

	SAN type 1-H
	FUL,high – FUL,low < 100 MHz
	20 MHz


------------------------------ Next modified section ------------------------------

7.5.2	Minimum requirements for SAN type 1-H
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to SAN type 1-H TAB connector using the parameters in table 7.5.2-1.
The reference measurement channel for the wanted signal is identified in clause 7.2.2 for each SAN channel bandwidth and further specified in annex A.1.
The out-of-band blocking requirement apply from 1 MHz to FUL,low - ΔfOOB and from FUL,high + ΔfOOB up to 12750 MHz, including the downlink frequency range of the FDD operating band for SAN. The ΔfOOB for SAN type 1-H is defined in table 7.5.2-2.
Minimum conducted requirement is defined at the antenna connector at the TAB connector for SAN type 1-H.
Table 7.5.2-1: Out-of-band blocking requirement for SAN supporting E-UTRA or standalone NB-IoT operation
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal

	PREFSENS +6 dB
(NOTE 1)
	-44
	CW carrier

	NOTE 1:	For SAN, PREFSENS depends on the SAN channel bandwidth. 
Note NOTE 2:	[For SAN supporting standalone NB-IoT, up to 24 exceptions are allowed for spurious response frequencies in each wanted signal frequency when measured using a 1 MHz step size. For these exceptions the above throughput requirement shall be met when the blocking signal is set to a level of -46 dBm for 3.75 kHz subcarrier spacing. In addition, each group of exceptions shall not exceed three contiguous measurements using a 1 MHz step size.]


------------------------------ Next modified section ------------------------------
[bookmark: _Toc5732][bookmark: _Toc121933009][bookmark: _Toc121908723][bookmark: _Toc124186518]7.6	Receiver spurious emissions
[bookmark: _Toc23438][bookmark: _Toc121933010][bookmark: _Toc121908724][bookmark: _Toc124186519]7.6.1	General
The requirement is not applicable in this version of the specification. TAB connectors shall always support both TX and RX.
NOTE:  Receiver spurious emissions requirement is not applicable based on the assumption of TAB connectors supporting both TX and RX.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc11312][bookmark: _Toc121933014][bookmark: _Toc121908728][bookmark: _Toc124186523]7.8.2	Minimum requirements for SAN type 1-H
For SAN supporting E-UTRA, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in annex A.1 with parameters specified in table 7.8.2-1 for GEO SAN, in table 7.8.2-2 for LEO SAN. The characteristics of the interfering signal is further specified in annex C.
Table 7.8.2-1  In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-104.5
	-97.6
	1.4 MHz E-UTRA signal, 3 RBs



Table 7.8.2-2  In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-107.6
	-88.7
	1.4 MHz E-UTRA signal, 3 RBs


------------------------------ Next modified section ------------------------------
[bookmark: _Toc121933027][bookmark: _Toc121908741][bookmark: _Toc124186536]9.3.2	Minimum requirement for SAN type 1-O
In normal conditions, the SAN type 1-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±2 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer.
Normal conditions are defined in TS 36.181 [3], annex B.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc67916796][bookmark: _Toc106177078][bookmark: _Toc61179500][bookmark: _Toc53178341][bookmark: _Toc36817395][bookmark: _Toc82621958][bookmark: _Toc114242246][bookmark: _Toc45893621][bookmark: _Toc90422805][bookmark: _Toc106126765][bookmark: _Toc29811843][bookmark: _Toc37260317][bookmark: _Toc44712308][bookmark: _Toc21127634][bookmark: _Toc37267705][bookmark: _Toc53178792][bookmark: _Toc61179030][bookmark: _Toc104311064][bookmark: _Toc74663417][bookmark: _Toc121933034][bookmark: _Toc121908748][bookmark: _Toc124186543]9.4.3.1	General
[bookmark: _Toc106177079][bookmark: _Toc29811844][bookmark: _Toc37260318][bookmark: _Toc90422806][bookmark: _Toc74663418][bookmark: _Toc44712309][bookmark: _Toc82621959][bookmark: _Toc53178793][bookmark: _Toc21127635][bookmark: _Toc53178342][bookmark: _Toc61179501][bookmark: _Toc114242247][bookmark: _Toc106126766][bookmark: _Toc37267706][bookmark: _Toc45893622][bookmark: _Toc61179031][bookmark: _Toc67916797][bookmark: _Toc36817396][bookmark: _Toc104311065]The OTA total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
This requirement shall apply at each RIB supporting transmission in the operating band.
NOTE 1:	The upper limit of the dynamic range is the OFDM symbol power for a BSSAN at maximum output power. The lower limit of the dynamic range is the OFDM symbol power for a BSSAN when one resource block is transmitted.
[bookmark: _Toc121933035][bookmark: _Toc121908749][bookmark: _Toc124186544]9.4.3.2	Minimum requirement for SAN type 1-O
OTA total power dynamic range minimum requirement for SAN type 1-O is specified such as for each E-UTRA carrier it shall be larger than or equal to the levels specified for the conducted requirement for SAN type 1-H in table 6.3.3.2-1.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc4951][bookmark: _Toc121933045][bookmark: _Toc121908759][bookmark: _Toc124186554]9.6.4	OTA DL RS power
For E-UTRA, DL RS power is the resource element power of the Downlink Reference Symbol.
The absolute DL RS power is indicated on the DL-SCH. The OTA absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier within the OTA coverage range.
For NB-IoT, DL NRS power is the resource element power of the Downlink Narrow-band Reference Signal.
The absolute DL NRS power is indicated on the DL-SCH. The OTA absolute accuracy is defined as the maximum deviation between the DL NRS power indicated on the DL-SCH and the DL NRS power of each NB-IoT carrier within the OTA coverage range.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc121933062][bookmark: _Toc121908776][bookmark: _Toc124186571]9.7.5.2.2	General OTA transmitter spurious emissions requirements
The basic limits of table 9.7.5.2.2-1 shall apply. The application of those limits shall be the same as for operating band unwanted emissions in clause 6.6.4.
Table 9.7.5.2.2-1: General SAN transmitter spurious emission limits
	Spurious frequency range
	Prated,c,TRP
(dBm)
	Basic limit
(dBm)
	Measurement bandwidth
(kHz)
	Notes

	30 MHz – 5th harmonic of the upper frequency edge of the DL operating band
	≤ 47
	-13
	4
	NOTE 1, NOTE 2, NOTE 3

	
	> 47
	Prated,c,TRP – 60 dB
	
	

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [2], s4.1.
NOTE 2:	Upper frequency as in ITU-R SM.329 [2], s2.5 table 1.
NOTE 3: 	The lower frequency limit is replaced by 0.7 times the waveguide cut-off frequency, according to ITU-R SM.329 [2], for systems having an integral antenna incorporating a waveguide section, or with an antenna connection in such form, and of unperturbed length equal to at least twice the cut-off.



9.7.5.2.3	Protection of the SAN receiver
The co-location requirement is not applicable for SAN in this version of the specification.
9.7.5.2.4	Additional spurious emissions requirements 
The additional spurious emissions requirement is not applicable for SAN.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc29811908][bookmark: _Toc53178402][bookmark: _Toc45893688][bookmark: _Toc74663478][bookmark: _Toc67916857][bookmark: _Toc61179561][bookmark: _Toc21127699][bookmark: _Toc44712376][bookmark: _Toc53178853][bookmark: _Toc20081][bookmark: _Toc37267770][bookmark: _Toc61179091][bookmark: _Toc36817460][bookmark: _Toc37260382][bookmark: _Toc121933065][bookmark: _Toc121908779][bookmark: _Toc124186574]10.1	General
Radiated receiver characteristics are specified at RIB for SAN type 1-H or SAN type 1-O, with full complement of transceivers for the configuration in normal operating condition.
Unless otherwise stated, the following arrangements apply for the radiated receiver characteristics requirements in clause 10:
-	Requirements shall be met for any transmitter setting.
-	The requirements shall be met with the transmitter unit(s) ON.
-	Throughput requirements defined for the radiated receiver characteristics do not assume HARQ retransmissions.
-	When SAN is configured to receive multiple carriers, all the throughput requirements are applicable for each received carrier.
-	For ACS,  and blocking and intermodulation characteristics, the negative offsets of the interfering signal apply relative to the lower SAN RF Bandwidth edge, and the positive offsets of the interfering signal apply relative to the upper SAN RF Bandwidth edge.
-	Each requirement shall be met over the RoAoA specified.
NOTE 1:	In normal operating condition the SAN in FDD operation is configured to transmit and receive at the same time.
For FR1 requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
	ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for the reference direction
and
	ΔOTAREFSENS = 41.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for all other directions
For requirements which are to be met over the minSENS RoAoA absolute requirement values are offset by the following term:
	ΔminSENS = PREFSENS – EISminSENS (dB)
------------------------------ Next modified section ------------------------------
[bookmark: _Toc53178405][bookmark: _Toc67916860][bookmark: _Toc106126797][bookmark: _Toc45893691][bookmark: _Toc37260385][bookmark: _Toc82622022][bookmark: _Toc36817463][bookmark: _Toc61179564][bookmark: _Toc106177110][bookmark: _Toc37267773][bookmark: _Toc29811911][bookmark: _Toc61179094][bookmark: _Toc74663481][bookmark: _Toc90422869][bookmark: _Toc104311096][bookmark: _Toc44712379][bookmark: _Toc30644][bookmark: _Toc53178856][bookmark: _Toc114242278][bookmark: _Toc121933067][bookmark: _Toc121908781][bookmark: _Toc124186576]10.2.1	General
[bookmark: _Hlk500328880]The OTA sensitivity requirement is a directional requirement based upon the declaration of one or more OTA sensitivity direction declarations (OSDD), related to a SAN type 1-H and SAN type 1-O receiver.
The SAN type 1-H and SAN type 1-O may optionally be capable of redirecting/changing the receiver target by means of adjusting SAN settings resulting in multiple sensitivity RoAoA. The sensitivity RoAoA resulting from the current SAN settings is the active sensitivity RoAoA.
If the SAN is capable of redirecting the receiver target related to the OSDD then the OSDD shall include:
-	SAN channel bandwidth and declared minimum EIS level applicable to any active sensitivity RoAoA inside the receiver target redirection range in the OSDD.
-	A declared receiver target redirection range, describing all the angles of arrival that can be addressed for the OSDD through alternative settings in the SAN.
-	Five declared sensitivity RoAoA comprising the conformance testing directions as detailed in TS 36.181 [3].
-	The receiver target reference direction.
NOTE 1:	Some of the declared sensitivity RoAoA may coincide depending on the redirection capability.
NOTE 2:	In addition to the declared sensitivity RoAoA, several sensitivity RoAoA may be implicitly defined by the receiver target redirection range without being explicitly declared in the OSDD.
If the SAN is not capable of redirecting the receiver target related to the OSDD, then the OSDD includes only:
-	The set(s) of RAT, SAN channel bandwidth and declared minimum EIS level applicable to the sensitivity RoAoA in the OSDD.
-	One declared active sensitivity RoAoA.
-	The receiver target reference direction.
NOTE 43:	For SAN without target redirection capability, the declared (fixed) sensitivity RoAoA is always the active sensitivity RoAoA.
The OTA sensitivity EIS level declaration shall apply to each supported polarization, under the assumption of polarization match.
------------------------------ Next modified section ------------------------------
Table 10.3.2-3: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (GEO class payload)
	SAN channel bandwidth [kHz](kHz)
	Sub-carrier spacing
[kHz](kHz)
	Reference measurement channel
	Reference sensitivity power level, EISREFSENS
 [dBm](dBm)

	200
	15
	FRC A14-1 in Annex A.14
	-124.9 - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-130.9 - ΔOTAREFSENS



Table10.3.2-4: Reference sensitivity levels of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz](kHz)
	Sub-carrier spacing
[kHz](kHz)
	Reference measurement channel
	 Reference sensitivity power level, EISREFSENS
 [dBm](dBm)

	200
	15
	FRC A14-1 in Annex A.14
	-128.0 - ΔOTAREFSENS

	200
	3.75
	FRC A14-2 in Annex A.14
	-134.0 - ΔOTAREFSENS


------------------------------ Next modified section ------------------------------
[bookmark: _Toc36817472][bookmark: _Toc90422878][bookmark: _Toc21127711][bookmark: _Toc67916869][bookmark: _Toc74663490][bookmark: _Toc82622031][bookmark: _Toc45893700][bookmark: _Toc18649][bookmark: _Toc104311103][bookmark: _Toc61179103][bookmark: _Toc29811920][bookmark: _Toc37260394][bookmark: _Toc44712388][bookmark: _Toc53178414][bookmark: _Toc37267782][bookmark: _Toc53178865][bookmark: _Toc106126804][bookmark: _Toc106177117][bookmark: _Toc61179573][bookmark: _Toc114242285][bookmark: _Toc121933074][bookmark: _Toc121908788][bookmark: _Toc124186583]10.4.2	Minimum requirement for SAN type 1-O
For SAN supporting E-UTRA, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in annex A.2 with parameters specified in table 10.4.2-1 for LEO SAN.
Table 10.4.2-1: Dynamic range of SAN supporting E-UTRA (LEO class payload)
	SAN channel bandwidth [MHz](MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-82.0 - ΔOTAREFSENS
	-94.4 - ΔOTAREFSENS
	AWGN

	Note*:	The wanted signal mean power is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A2-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.



For SAN supporting standalone NB-IoT, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in annex A.2 with parameters specified in table 10.4.2-2 for GEO SAN and table 10.4.2-3 for LEO SAN.
Table 10.4.2-2: Dynamic range of SAN supporting standalone NB-IoT operation  (GEO class payload)
	SAN channel bandwidth [kHz](kHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	-97.3 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	-103.2 - ΔOTAREFSENS
	-93.6 - ΔOTAREFSENS
	AWGN



Table 10.4.2-3: Dynamic range of SAN supporting standalone NB-IoT operation (LEO class payload)
	SAN channel bandwidth [kHz](kHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) / BWChannel
	Type of interfering signal

	200
	FRC A15-1 in Annex A.15
	[-89.4] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN

	200
	FRC A15-2 in Annex A.15
	[-95.3] - ΔOTAREFSENS
	[-85.7] - ΔOTAREFSENS
	AWGN


------------------------------ Next modified section ------------------------------
[bookmark: _Toc67916873][bookmark: _Toc90422882][bookmark: _Toc61179577][bookmark: _Toc61179107][bookmark: _Toc5224][bookmark: _Toc44712392][bookmark: _Toc53178869][bookmark: _Toc53178418][bookmark: _Toc37260398][bookmark: _Toc29811924][bookmark: _Toc45893704][bookmark: _Toc74663494][bookmark: _Toc36817476][bookmark: _Toc37267786][bookmark: _Toc106126808][bookmark: _Toc104311107][bookmark: _Toc82622035][bookmark: _Toc106177121][bookmark: _Toc114242289][bookmark: _Toc21127715][bookmark: _Toc121933078][bookmark: _Toc121908792][bookmark: _Toc124186587]10.5.1.2	Minimum requirement for SAN type 1-O
The requirement shall apply at the RIB when the AoA of the incident wave of a received signal and the interfering signal are from the same direction and are within the minSENS RoAoA.
The wanted and interfering signals apply to each supported polarization, under the assumption of polarization match.
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel.
For SAN supporting E-UTRA, the OTA wanted signal and the interfering signal are specified in table 10.5.1.2-1 for OTA ACS. The reference measurement channel for the OTA wanted signal is further specified in annex A.1. The characteristic of the interfering signal is further specified in annex C.
For SAN supporting standalone NB-IoT operation, the OTA wanted signal and the interfering signal are specified in table 10.5.1.2-2 for OTA ACS. The reference measurement channel for the OTA wanted signal is further specified in annex A.1. 
The characteristic of the interfering signals is are further specified in annex C.
The OTA ACS requirement is applicable outside the SAN RF Bandwidth or Radio Bandwidth. The OTA interfering signal offset is defined relative to the SAN RF Bandwidth edges or Radio Bandwidth edges.
Table 10.5.1.2-1: ACS requirement of SAN supporting E-UTRA
	SAN channel bandwidth of the lowesthighestlowest/highest carrier received [MHz](MHz)
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm)
	Interfering signal centre frequency offset from the lower/upper Base StationSAN RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz](MHz)
	Type of interfering signal

	1.4
	PREFSENS + 11dB- ΔOTAREFSENS (Note)
	GEO SAN class: -57.6- ΔOTAREFSENS
LEO SAN class: -60.7- ΔOTAREFSENS

	±0.7025
	1.4 MHz E-UTRA signal

	Note:	PREFSENS depends on the channel bandwidth as specified in Table 7.2.2-1 and Table 7.2.2-2.



Table 10.5.1.2-2: ACS requirement of SAN supporting standalone NB-IoT operation
	SAN
channel bandwidth of the lowest/highest carrier received [kHz](kHz)
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm)
	Interfering signal centre frequency offset to the lower/upper Base StationSAN RF Bandwidth edge or sub-block edge inside a sub-block gap [kHz](kHz)
	Type of interfering signal

	200
	PREFSENS + 19.5dB - ΔOTAREFSENS (Note)
	GEO SAN class: -56.6- ΔOTAREFSENS
LEO SAN class: -59.7- ΔOTAREFSENS

	±100
	180 kHz NB-IoT signal

	Note:	PREFSENS depends on the sub-carrier spacing as specified in Table 7.2.2-3 and Table 7.2.2-4.


------------------------------ Next modified section ------------------------------
Table 10.6.2.1-1: OTA out-of-band blocking performance requirement for SAN supporting E-UTRA or standalone NB-IoT operation
	Wanted signal mean power (dBm)
	Interfering signal RMS field-strength (V/m)
	Type of interfering Signal

	EISminSENS + 6 dB
 (NOTE 1)
	0.0129
(NOTE 2)
	CW carrier

	NOTE 1:	EISminSENS depends on the channel bandwidth as specified in clause 10.2.

NOTE 2:	The RMS field-strength level in V/m is related to the interferer EIRP level at a distance described as , where EIRP is in W and r is in m.
NOTE 3:	[For SAN supporting standalone NB-IoT operation, up to 24 exceptions are allowed for spurious response frequencies in each wanted signal frequency when measured using a 1MHz step size. For these exceptions the above throughput requirement shall be met when the blocking signal is set to a level of 0.0103 V/m for 3.75 kHz subcarrier spacing. In addition, each group of exceptions shall not exceed three contiguous measurements using a 1 MHz step size.]
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Table 10.9.2-1: In-channel selectivity of SAN supporting E-UTRA (GEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-104.5 - ΔminSENS 
	-97.6 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs


[bookmark: _GoBack]
Table 10.9.2-2: In-channel selectivity of SAN supporting E-UTRA (LEO class payload)
	SAN
channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm](dBm)
	Interfering signal mean power [dBm](dBm) 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-107.6 - ΔminSENS 
	-88.7 - ΔminSENS 
	1.4 MHz E-UTRA signal, 3 RBs
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[bookmark: _Toc26310][bookmark: _Toc121933094][bookmark: _Toc121908808][bookmark: _Toc124186603]Annex A (normative):
Reference measurement channels
The parameters for the reference measurement channels are specified in clause A.1 for E-UTRA reference sensitivity and in-channel selectivity and in clause A.2 for dynamic range.
A schematic overview of the encoding process for the E-UTRA reference measurement channels is provided in Figure A-1.
E-UTRA receiver requirements in the present document are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals the Payload size * the Number of uplink subframes per second. For FDD, 1000 uplink sub-frames per second are used.
The parameters for the reference measurement channels are specified in clause A.142 for NB-IoT reference sensitivity and in clause A.135 for dynamic range.
A schematic overview of the encoding process for the NB-IoT reference measurement channels is provided in Figure A-2.
NB-IoT receiver requirements in the present document are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals the Payload size / (Number of Resource Unit * time to send one Resource Unit).
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The parameters for the reference measurement channels are specified in Table A.3-1 for reference sensitivity.
Table A.3-1 FRC parameters for reference sensitivity and in-channel selectivity
	Reference channel
	A14-1
	A14-2

	Sub-carrier spacing (kHz)
	15
	3.75

	Number of tone
	1
	1

	Diversity
	   No
	No

	Modulation
	π/2 BPSK
	π/2 BPSK

	Frequency offset
	0
	0

	Channel estimation length (ms) Note 1
	4
	16

	Number of NPUSCH repetition
	1
	1

	IMCS / TBS
	0 / 0
	0 / 0

	Payload size (bits)
	32
	32

	Allocated resource unit
	2
	2

	Code rate (target)
	1/3
	1/3

	Code rate (effective)
	0.29
	0.29

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Total number of bits per resource unit
	96
	96

	Total symbols per resource unit
	96
	96

	Tx time (ms)
	16
	64

	Note 1:	Channel estimation lengths are included in the table for information only.
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The parameters for the reference measurement channels are specified in Table A.4-1 for NB-IoT dynamic range.
Table A.4-1 FRC parameters for NB-IoT dynamic range
	Reference channel
	A15-1
	A15-2

	Sub carrier spacing (kHz)
	15
	3.75

	Number of tone 
	1
	1

	Modulation
	π/4 QPSK
	π/4 QPSK

	Diversity
	No
	No

	Frequency offset
	0
	0

	IMCS / ITBS
	7 / 7
	7 / 7

	Payload size (bits) 
	104
	104

	Allocated resource units
	1
	1

	Transport block CRC (bits) 
	24
	24

	Coding rate (target)
	2/3
	2/3

	Coding Rate
	0.67
	0.67

	Code block CRC size (bits)
	0
	0

	Number of code blocks – C
	1
	1

	Total symbols per resource unit
	96
	96

	Total number of bits per resource unit
	192
	192

	Tx time (ms)
	8
	32

	Frequency offset
	0
	0

	Channel estimation length (ms) Note (NOTE)1
	4
	16

	Note 1:	Channel estimation lengths are included in the table for information only.
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The parameters for the reference measurement channels are specified in Table A.14-1 for reference sensitivity.
Table A.14-1 FRC parameters for reference sensitivity and in-channel selectivity
	Reference channel
	A14-1
	A14-2

	Sub-carrier spacing (kHz)
	15
	3.75

	Number of tone
	1
	1

	Diversity
	No
	No

	Modulation
	π/2 BPSK
	π/2 BPSK

	Frequency offset
	0
	0

	Channel estimation length (ms) (NOTE)
	4
	16

	Number of NPUSCH repetition
	1
	1

	IMCS / TBS
	0 / 0
	0 / 0

	Payload size (bits)
	32
	32

	Allocated resource unit
	2
	2

	Code rate (target)
	1/3
	1/3

	Code rate (effective)
	0.29
	0.29

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Total number of bits per resource unit
	96
	96

	Total symbols per resource unit
	96
	96

	Tx time (ms)
	16
	64

	NOTE:	Channel estimation lengths are included in the table for information only.



A.15	Fixed Reference Channels for NB-IoT dynamic range (π/4 QPSK, R=2/3)
The parameters for the reference measurement channels are specified in Table A.15-1 for NB-IoT dynamic range.
Table A.15-1 FRC parameters for NB-IoT dynamic range
	Reference channel
	A15-1
	A15-2

	Subcarrier spacing (kHz)
	15
	3.75

	Number of tone 
	1
	1

	Modulation
	π/4 QPSK
	π/4 QPSK

	Diversity
	No
	No

	Frequency offset
	0
	0

	IMCS / ITBS
	7 / 7
	7 / 7

	Payload size (bits) 
	104
	104

	Allocated resource units
	1
	1

	Transport block CRC (bits) 
	24
	24

	Coding rate (target)
	2/3
	2/3

	Coding Rate
	0.67
	0.67

	Code block CRC size (bits)
	0
	0

	Number of code blocks – C
	1
	1

	Total symbols per resource unit
	96
	96

	Total number of bits per resource unit
	192
	192

	Tx time (ms)
	8
	32

	Frequency offset
	0
	0

	Channel estimation length (ms) (NOTE)
	4
	16

	NOTE:	Channel estimation lengths are included in the table for information only.
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Error Vector Magnitude
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The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in Figure BE.1-1 below.


Figure B.1-1: Reference point for EVM measurement
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For 15 kHz, 7.5 kHz, 1.25 kHz, 2.5 kHz subcarrier spacing, the basic unit of EVM measurement is defined over one subframe (1 ms) for subframe TTI and over one sTTI when supporting sTTI feature in the time domain and  subcarriers (180 kHz) in the frequency domain:

For 0.37 kHz subcarrier spacing, the basic unit of EVM measurement is defined over one slot (3 ms) in the time domain and  subcarriers (180 kHz) in the frequency domain:


where

 is the set of symbols with the considered modulation scheme being active within the subframe or within the sTTI,


is the set of subcarriers within the  subcarriers with the considered modulation scheme being active in symbol t,

 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,

 is the modified signal under test defined in BE.3.
Note:	Although the basic unit of measurement is one subframe or one sTTI, the equalizer is calculated over 10 subframe measurement periods to reduce the impact of noise in the reference symbols. The boundaries of the 10 subframe measurement periods need not be aligned with radio frame boundaries.
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Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. The signal under test is equalised and decoded according to:


where

 is the time domain samples of the signal under test.

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal. Note that two timing offsets are determined, the corresponding EVM is measured and the maximum used as described in EB.7.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.
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The observation period for determining the frequency offset  shall be 1 ms.


For 0.37 kHz, the observation period for determining the frequency offset  shall be 6 ms. For 2.5 kHz, the observation period for determining the frequency offset  shall be 1 ms.
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The observation period for determining the sample timing difference shall be 1 ms.

For 0.37 kHz, the observation period for determining the sample timing difference  shall be 6 ms.

For 2.5 kHz, the observation period for determining the sample timing difference  shall be 1 ms.



In the following   represents the middle sample of the EVM window of length  (defined in E.5.1)  or the last sample of the first window half if is even.


is estimated so that the EVM window of length  is centred on  the measured cyclic prefix of the considered OFDM symbol. To minimize the estimation error the timing shall be based on the primary synchronization signal and reference signals. To limit time distortion of any transmit filter the reference signals in the 1 outer RBs are not taken into account in the timing estimation

Two values for  are determined:

 and





 where  if  is odd and  if is even.

When the cyclic prefix length varies from symbol to symbol (e.g. time multiplexed MBMS and unicast) then   shall be further restricted to the subset of symbols with the considered modulation scheme being active and with the considered cyclic prefix length type.
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Table EB.5.1-1 and Table EB.5.1-1a below specify EVM window length (W) for normal CP, the cyclic prefix length  is 10 for symbols 0 and 9 for symbols 1-6.
Table EB.5.1-2 specify the EVM window length (W) for extended CP for 15 kHz, sub-carrier spacing.
Table E.B5.1-1: EVM window length for normal CP for E-UTRA
	Channel
Bandwidth (MHz)
	FFT size
	
	Cyclic prefix length for symbols 0 in FFT samples
	Cyclic prefix length  for symbols 1‑6 in FFT samples
	EVM window length W
	Ratio of W to total CP for symbols 1‑6(Note 1) (NOTE) [%](%)

	1.4
	128
	
	10
	9
	5
	55.6

	Note 1:	These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.



Table EB.5.1-21a: EVM window length for normal CP for NB-IoT
	FFT size
	Cyclic prefix length for symbols 0 in FFT samples
	Cyclic prefix length  for symbols 1‑6 in FFT samples
	EVM window length W
	Ratio of W to total CP for symbols 1‑6 (NOTE) (Note 1) [%](%)

	128
	10
	9
	3
	33.3

	Note 1:	These percentages are informative and apply to symbols 1 through 6. Symbol 0 has a longer CP and therefore a lower percentage.



Table BE.5.1-23: EVM window length for extended CP for 15 kHz sub-carrier spacing
	Channel Bandwidth [MHz](MHz)
	FFT size
	Cyclic prefix in FFT samples
	EVM window length W
	Ratio of W to total CP (NOTE) (Note 1)
[%](%)

	1.4
	128
	32
	28
	87.5

	Note 1:	These percentages are informative. 
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The equalizer coefficients and  are determined as follows:


1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal  and the post-FFT Ideal signal , for each reference symbol, over 10 subframes. This process creates a set of complex ratios:



Where the post-FFT Ideal signal  is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: restricted content: i.e. nominal Reference Symbols and the Primary Synchronisation Channel, (all other modulation symbols are set to 0 V), nominal carrier frequency,  nominal amplitude and phase for each applicable subcarrier, nominal timing.


2.	Perform time averaging at each reference signal subcarrier of the complex ratios, the time-averaging length is 10 subframes. Prior to the averaging of the phases  an unwrap operation must be performed according to the following definition: The unwrap operation corrects the radian phase angles of  by adding multiples of 2*PI when absolute phase jumps between consecutive time instances ti are greater then or equal to the jump tolerance of PI radians. This process creates an average amplitude and phase for each reference signal subcarrier (i.e. every third subcarrier with the exception of the reference subcarrier spacing across the DC subcarrier).





	Where N is the number of reference symbol time-domain locations ti from Z'(f,t) for each reference signal subcarrier .


3.	The equalizer coefficients for amplitude and phase  and  at the reference signal subcarriers  are obtained by computing the moving average in the frequency domain of the time-averaged reference signal subcarriers, i.e. every third subcarrier. The moving average window size is 19. For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure EB.6-1.




4.	Perform linear interpolation from the equalizer coefficients  and  to compute coefficients ,  for each subcarrier.


Figure EB.6-1: Reference subcarrier smoothing in the frequency domain
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EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of 10 downlink subframes:
For FDD the averaging in the time domain equals the 10 subframe duration of the 10 subframes measurement period from the equalizer estimation step.


Where Ni is the number of resource blocks with the considered modulation scheme in subframe or sTTI i and Ndl is the number of allocated downlink subframes or sTTI in one frame.

The EVM requirements shall be tested against the maximum of  the RMS average at the window W extremities of the EVM measurements:





Thus   is calculated using in the expressions above and is calculated using  in the  calculation.
Thus we get:



The averaged EVM with the minimum averaging length of at least 10 subframes is then achieved by further averaging of the  results


, 
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Characteristics of the interfering signals
The interfering signal shall be a PUSCH containing data and DMRS symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 6 of TS 36.211 [10]. Mapping of PUSCH modulation to receiver requirement are specified in table C-1.
Table C-1: Modulation of the interfering signal
	Receiver requirement
	Modulation

	In-channel selectivity
	16QAM

	Adjacent channel selectivity
	QPSK
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