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[bookmark: OLE_LINK6][bookmark: OLE_LINK7]<<Start of Change>>
[bookmark: _Toc94170418][bookmark: _Toc104122444][bookmark: _Toc104210250][bookmark: _Toc104502962][bookmark: _Toc87889301]7.4.2.2	Conducted transmitter characteristics
[bookmark: _Toc94170419][bookmark: _Toc104122445][bookmark: _Toc104210251][bookmark: _Toc104502963]7.4.2.2.1	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 7.4.2.2.1-1: UE Power Class
	NTN satellite band #
	Class 3 (dBm)
	Tolerance (dB)

	n256
	23
	±2

	n255
	23
	+2

	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



[bookmark: _Toc87889302][bookmark: _Toc94170420][bookmark: _Toc104122446][bookmark: _Toc104210252][bookmark: _Toc104502964]7.4.2.2.2 	MPR/AMPR
7.4.2.2.2.1	MPR
UE is allowed to reduce the maximum output power (MPR) due to higher order modulations and transmit bandwidth configurations to meet the general transmission requirements which includes in-band emission, ACLR, out-of-band emission and general spurious emission. As it was agreed those general transmission requirements can be reused from TN, the same requirements specified in Table 6.2.2-1 in TS 38.101-1 [17] can be reused for NTN satellite access UEs.
7.4.2.2.2.2	A-MPR
A-MPR is band specific requirement which is used to meet the additional requirements indicated by network signalling (NS) value. 
For n256, based on the regulation conclusion in section 5.2, the A-MPR requirements for n65 could be as starting point. From TS 38.101-1, since the maximum carrier centre frequency of NS_05 and NS_05U is lower than 1960 MHz and the maximum carrier centre frequency of NS_51 is lower than 1980 MHz, it is proposed NS_05, NS_05U and NS_51 don’t need to be considered for n256. The requirements of NS_01, NS_24 and NS_100 specified in Table 6.2.3.1-1 in TS 38.101-1 [17] for band n65 can be reused for n256
For n255, based on regulatory requirements, a new NS is required. The following observations were made from the measurement results using an LTE modem and transceiver supporting 1626.5 – 1656.5 MHz:
-	For 5 MHz channel, PA emissions for DFT-s-OFDM are below the spurious emission limits between 1559 and 1606 MHz.
-	For 10 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 5 dB between 1604 and 1606 MHz.
-	For 15 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits for 1 MHz MBW by 9 dB between 1599 and 1606 MHz.
-	For 20 MHz channel, PA emissions for DFT-s-OFDM are exceeding the spurious emission limits by 9 dB between 1584 and 1606 MHz.
-	For 700 Hz MBW, PA emissions for all channel bandwidths are below the spurious emission limits between 1559 and 1606 MHz.
A n255 duplexer with rejection of more than 10 dB will be a sufficient to satisfy the spurious emission limits specified in Table 7.4.2.2.8-1.
Based on this measurement observations, the expected filter attenuation of more than 10 dB below 1610 MHz is going to be adequate to meet the additional emissions requirements between 1559 – 1610 MHz, and therefore, no A-MPR needs to be specified for n255.
In view of the above, the additional requirements with their associated network signalling values and the allowed A-MPR and applicable operating band(s) for each NS value shall be specified in Table 7.4.2.2.2.2-1 and the mapping of NR satellite band numbers and values of the additionalSpectrumEmission to network signalling labels is specified in Table 7.4.2.2.2.2-1A.
[bookmark: _Hlk516051685]Table 7.4.2.2.2.2-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR satellite Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_01
	
	Table 5.2.1-1
	5, 10, 15, 20
	Table 5.3.2-1 in TS 38.101-1
	N/A

	NS_24
	6.5.3.3.13 in TS 38.101-1
	n256
	5, 10, 15, 20
	Table 6.2.3.15-1 in TS 38.101-1
	Clause 6.2.3.7 in TS 38.101-12

	NS_57N
	6.5.3.3.1
	n255
	5, 10, 15, 20
	
	N/A

	NS_100
	6.5.2.4.2 in TS 38.101-1
	n2561
	
	
	Table
6.2.3.1-2 in TS 38.101-1

	NOTE 1:	This NS can be signalled for NTN satellite bands that have UTRA services deployed.
NOTE 2: 	A-MPR for the upper 5 MHz is not specified, and therefore shall be used as a guard band.



Table 7.4.2.2.2.2-1A: Mapping of network signalling label
	NTN satellite band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n256
	NS_01
	NS_24
	NS_100
	
	
	
	
	

	n255
	NS_01
	NS_57N
	
	
	
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331.



For n256, FFS for how to protect n2, n25, n70 and whether A-MPR required.
[bookmark: _Toc87889303][bookmark: _Toc94170421][bookmark: _Toc104122447][bookmark: _Toc104210253][bookmark: _Toc104502965]7.4.2.2.3 	Output power dynamics
For Transmit OFF power and Power control, the framework and requirements for existing TN UE can be reused for satellite UE. The transmit OFF power is -50 dBm for 20MHz.
Since handheld UE always transmits the maximum output power for satellite access scenario based on the NR NTN calibration summary in R4-2115628, FFS whether relaxed value needed or not based on existing TN UE requirements
[bookmark: _Toc87889304][bookmark: _Toc94170422][bookmark: _Toc104122448][bookmark: _Toc104210254][bookmark: _Toc104502966]7.4.2.2.4 	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: _Toc94170423][bookmark: _Toc104122449][bookmark: _Toc104210255][bookmark: _Toc104502967]7.4.2.2.5 	Transmit modulation quality
For the EVM (Error Vector Magnitude), the same requirements specified in TS 38.101-1 [17] sub-clause 6.4.2.1 for QPSK, 16QAM, and 64QAM can be reused for NTN satellite access UEs. NTN satellite access UEs support UL/DL 64QAM for NTN operation as optional with per band.
For the carrier leakage, the same requirements specified in TS 3.101-1 [17] sub-clause 6.4.2.2 can be reused for NTN satellite access UEs.
For the in-band emission, the same requirements specified in TS 3.101-1 [17] sub-clause 6.4.2.3 can be reused for NTN satellite access UEs.
[bookmark: _Toc87889306][bookmark: _Toc94170424][bookmark: _Toc104122450][bookmark: _Toc104210256][bookmark: _Toc104502968]7.4.2.2.6 	Spectrum emission mask
For SEM of NTN satellite access UEs, the same requirements of TN UE specified in TS 38.101-1 [17] sub-clause 6.5.2.2 can be reused.
[bookmark: _Toc87889307][bookmark: _Toc94170425][bookmark: _Toc104122451][bookmark: _Toc104210257][bookmark: _Toc104502969]7.4.2.2.7 	ACLR
For ACLR, the same ACLR for TN NR UE which is specified in TS 3.101-1 [17] sub-clause 6.5.2.4.1 can be applied for NTN satellite access UEs.
The requirement of ALCR is specified in Table 7.4.2.2.7-1.
Table 7.4.2.2.7-1: NTN satellite access UE ACLR requirement
	
	Power class 3

	NTN UE ALCR
	30dB



[bookmark: _Toc87889308][bookmark: _Toc94170426][bookmark: _Toc104122452][bookmark: _Toc104210258][bookmark: _Toc104502970]7.4.2.2.8 	Spurious emissions
The spurious emissions limits specified in TS 38.101-1[17] sub-clause 6.5.3 would also be applicable to NTN satellite access UEs referring to the ERC Recommendation 74-01[28] Annex 3 item 3.1.4 for Mobile Earth Stations (MES) (see Note 1bis) transmitting in the Mobile Satellite Service between 1 GHz and 3 GHz.
Considering FCC rule 47 C.F.R § 25.216 (h) [23], TN UE’s general spurious emission requirements will be inadequate for L-band NTN satellite UE operation in the US. A new NS value and a subclause with Table 7.4.2.2.8-1 needs to be specified for n255 for NTN satellite operations in the US.
Table 7.4.2.2.8-1: Additional requirements for NS_57N
	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit1 (dBW)
	Measurement bandwidth 
	NOTE

	
	5 MHz, 10 MHz, 15 MHz, 20 MHz
	
	

	1559≤ f ≤ 1605
	-80
	700 Hz
	Averaged over any 2 millisecond active transmission interval

	1605≤ f ≤ 1610
	-80 + 24/5 (f-1605)
	700Hz
	

	1559 ≤ f ≤ 1605
	-70
	1MHz
	Averaged over any 2 millisecond active transmission interval

	1605≤ f ≤ 1610
	-70 + 24/5 (f-1605)
	1MHz
	

	NOTE 1:		The EIRP requirement in regulation is converted to conducted requirement using a 0 dBi antenna.



[bookmark: _Toc94170427][bookmark: _Toc104122453][bookmark: _Toc104210259][bookmark: _Toc104502971]7.4.2.2.9 	Transmit intermodulation
The transmit intermodulation limits specified in TS 38.101-1[17] sub-clause 6.5.4 (Table 7.4.2.2.9-1) would also be applicable to NTN satellite access UEs.
The requirement of transmit intermodulation is specified in Table 7.4.2.2.9-1.
Table 7.4.2.2.9-1: Transmit Intermodulation
	Wanted signal
channel bandwidth
	BWChannel

	Interference signal
frequency offset from channel center
	BWChannel
	2*BWChannel

	Interference CW signal level
	-40 dBc

	Intermodulation product
	< -29 dBc
	< -35 dBc

	[bookmark: _Hlk494132890]Measurement bandwidth
	The maximum transmission bandwidth configuration among the different SCS's for the channel BW as defined in Table 6.5.2.4.1-1 from TS 38.101-1[17]

	Measurement offset from channel center
	BWChannel and 2*BWChannel
	2*BWChannel and 4*BWChannel


7.4.2.2.10	UE to UE coexistence issues between NTN and TN
In recent RAN4#102 and RAN4#103 meetings, the spurious emissions requirements (-50dBm/MHz) for protected bands UE co-existence (especially for band n256 UL: 1980~2010MHz DL: 2170~2200MHz) were widely discussed. The adjacent/overlapping TN bands to NTN band n256 are shown in Figure 5.2.1-1.
1)	Coexistence protection for band n34 DL
The NS_24 including associated A-MPR value as specified in TS 38.101-1[17] is reused to solve this issue in Release 17. However, other companies pointed out the n256 UL frequency range can’t be leveraged due to 5MHz guard band at the upper of n256 UL frequency range to protect band n34.If NS_24 is used, n256 will be reduced due to the 5 MHz guard band that has been considered with NS_24, frequency range 2005-2010 MHz can not be used anymore. Besides, when NS_24 is indicated to protect the DL frequency range of band n34, satellite UE has to reduce the out power in band n256. It will lead to UL throughput loss and even UL radio link failure for some UL RB configurations.
2)	Coexistence protection for band n39 DL
-50dBm/MHz co-existence requirement can be met considering 20MHz channel bandwidth for band n256 without A-MPR requirement, even if a band n65 duplexer is reused for band n256. 
Based on extrapolating the SEM mask to the ACLR4 region which overlaps n39 for the lowest n256 20MHz channel it is feasible to specify -50dBm/MHz protection level for n39 by n256 even when using n65 duplexer (no filter help assumed). This assumes the maximum n256 bandwidth is 20MHz
[image: cid:image001.png@01D86323.62266C00]
Figure 7.4.2.2.10-1: Coexistence analysis based on SEM mask extension for band n256
3)	Coexistence protection for band n2, n25, n70 DL
From RAN4 perspective, UE co-existence requirements can’t be fulfilled (-50dBm/MHz) for the TN bands (i.e., n2, n25 and n70) which are overlapping n256. In Release 17, it is RAN4 understanding that the co-existence issue between n256 and those TN bands shall rely on regional or national regulation. 
Other proposals:
Other proposals were submitted to solve the UE to UE coexistence issues between NTN and TN especially for the protected DL frequency range which is overlapping with UL frequency range of band n256 or next to the edge of band n256 UL filter. 
For example: 
-	Isolation regions could be defined between NTN and TN coverage. And a corresponding signaling could be designed by RAN2.
-	Before transmitting UL band n256 signals, satellite UE should determine (or be informed) whether the IMT services exist for the protected DL frequency range in the vicinity.
-	Other potential mechanisms/solutions are not precluded.
Considering these proposals will have impacts on RAN1/RAN2 specifications, these proposals were not further discussed in Release 17.
<<End of Change>>

<<Start of Change>>
[bookmark: _Toc94170431][bookmark: _Toc104122457][bookmark: _Toc104210263][bookmark: _Toc104502975]7.4.3.2	Conducted receiver characteristics
[bookmark: _Toc94170432][bookmark: _Toc104122458][bookmark: _Toc104210264][bookmark: _Toc104502976]7.4.3.2.1	General and diversity characteristics
Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE for satellite access. 
The handheld UE for satellite access is required to be equipped with a minimum of two Rx antenna ports in all NTN satellite operating bands in FR1.
[bookmark: _Toc94170433][bookmark: _Toc104122459][bookmark: _Toc104210265][bookmark: _Toc104502977]7.4.3.2.2	Reference sensitivity
The reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel. For below 6GHz, the REFSENS level can be calculated by the equation below in TR 38.817-01[32]:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
It is noted that the Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR.
SNR in Nagoya meeting was agreed as -1dB for NR.
The REFSENS for E-UTRA assumes that the receiver is equipped with two Rx port as a baseline. If 2Rx is considered, the diversity gain is 3dB and the Implementation Margin (IM) uses 2.5dB. In the following calculation, same assumptions are used for NR NTN satellite bands.
For band n255, 9dB noise figure is assumed which is aligned with band n24.
Both dedicate 30MHz duplexer and n65 duplexer are allowed to be used for band n256 for band n256. Finally, 9dB noise figure is assumed for band n256 as well.
The throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2 and A.3.2 from TS 38.101-1 [17] (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as described in Annex A.5.1.1 from TS 38.101-1 [17])  with parameters specified in Table 7.4.3.2.2-1 and Table 7.4.3.2.2-2.
Table 7.4.3.2.2-1: Two antenna port reference sensitivity QPSK REFSENS
	Operating band / SCS / Channel bandwidth / Duplex-mode

	NTN satellite band #
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	Duplex Mode

	
	15
	-100.0
	-96.8
	-95.0
	-93.8
	

	n255
	30
	
	-97.1
	-95.1
	-94.0
	FDD

	
	60
	
	-97.5
	-95.4
	-94.2
	

	
	15
	-100.0-99.5
	-96.8-96.3
	-95.0-94.5
	-93.8-93.3
	

	n256
	30
	
	-97.1-96.6
	-95.1-94.6
	-94.0-93.5
	FDD

	
	60
	
	-97.5-97.0
	-95.4-94.9
	-94.2-93.7
	



Table 7.4.3.2.2-2: Uplink configuration for reference sensitivity
	Operating band / SCS / Channel bandwidth / Duplex-mode

	NTN satellite band #
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	Duplex Mode

	
	15
	25
	50
	75
	100
	

	n255
	30
	
	24
	36
	50
	FDD

	
	60
	
	10
	18
	24
	

	
	15
	25
	50
	75
	100
	

	n256
	30
	
	24
	36
	50
	FDD

	
	60
	
	10
	18
	24
	



[bookmark: _Toc94170434][bookmark: _Toc104122460][bookmark: _Toc104210266][bookmark: _Toc104502978]7.4.3.2.3	Maximum input level
Maximum input level is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel. In defining requirements for maximum input level, there are two effects should be considered. One is the dynamic range for Rx link since the maximum input level would determine the high limit of dynamic range. The other is the maximum received input power at UE in real deployment. If the maximum received input signal level is increased, then pre-LNA attenuation is required, which adds complexity to UE RX chain. Similar as the method in TN system, in order to evaluate the level of maximum received power, the Min distance for consideration is given in Table 7.4.3.2.3-1.
Table 7.4.3.2.3-1: Min distance for conderation
	
	
	Satellite Type

	
	Parameters
	

	
	
	
	
	

	
	
	GEO
	LEO 1200
	LEO 600

	
	Carrier frequency [GHz]
	2
	2
	2

	
	Min Distance from Satellite D_Min [Km]
	35786
	1200
	600

	
	The free space path loss (FSPL) (dB)
	189.5
	160.1
	154.0

	SET 1
	Satellite EIRP density (dBW/MHz)
	59
	40
	34

	
	Bandwidth (15kHz SCS) (MHz)
	20

	
	Rx signal at min Distance (dBm)
	-87.7
	-77.2
	-77.2

	SET 2
	Satellite EIRP density (dBW/MHz)
	53.3
	34
	28

	
	Bandwidth (15kHz SCS) (MHz)
	20

	
	Rx signal at min Distance (dBm)
	-93.4
	-83.2
	-83.2



From above table, the maximum received power is -77.2 dBm for 20 MHz which is very lower than -25dBm in TN. It is therefore the maximum input level can be relaxed by 15 dB compared with TN requirement.
[bookmark: _Toc104122461][bookmark: _Toc104210267][bookmark: _Toc104502979]7.4.3.2.4	Adjacent channel selectivity
For ACS, the coexistence studies outcome shows that the same ACS values as for NR TN UE are appropriate, and therefore reused.
ACS test parameters in case 1 is applied. ACS requirements in case 2 can be specified based on the maximum input level of -40dBm.
[bookmark: _Toc104122462][bookmark: _Toc104210268][bookmark: _Toc104502980]7.4.3.2.5	Blocking characteristics
For blocking characteristics, it is agreed, the same requirements as for NR TN UEs are applicable, and therefore reused. For NR satellite band n255, OOBB requirements of n24 are reused. For n256, to keep UE implementation freedom with both options (i.e., reusing n65 duplexer or dedicated 30MHz duplexer) is agreed. FFS for n256 OOBB requirements if the same hardware of n65 is expected to be reused.
[bookmark: _Toc104122463][bookmark: _Toc104210269][bookmark: _Toc104502981]7.4.3.2.6	Spurious response
Spurious response is a measure of the ability of the receiver to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency for which a response is obtained, i.e. for which the out-of-band blocking limit is not met. To assume the same interfering signals for guaranteeing TN and NTN UE performance, TN spurious response requirements in section 7.7 of TS 38.101-1[17] could be applicable to NTN satellite access UEs.
[bookmark: _Toc104122464][bookmark: _Toc104210270][bookmark: _Toc104502982]7.4.3.2.7	Intermodulation characteristics
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal. To assume the same interfering signals for guaranteeing TN and NTN UE performance, TN wide-band intermodulation parameters in Table 7.8.2-1 of TS 38.101-1[17] could be applicable to NTN satellite access UEs.
[bookmark: _Toc104122465][bookmark: _Toc104210271][bookmark: _Toc104502983]7.4.3.2.8 	Rx Spurious emissions
The spurious emissions limits specified in TS 38.101-1[17] sub-clause 7.9 would also be applicable to NTN satellite access UEs referring to the ERC Recommendation 74-01[28] Annex 3 item 3.1.5 for Mobile Earth Stations (MES) (see Note 1bis) operating below 3 GHz: receivers, receive only MES and transmitters in the carrier-off state.
[bookmark: _Toc104122466][bookmark: _Toc104210272][bookmark: _Toc104502984]7.4.3.2.9	UE to UE coexistence issues between NTN and TN
In recent RAN4#102 and RAN4#103 meetings, the spurious emissions requirements (-50dBm/MHz) for protected bands UE co-existence (especially for band n256 UL: 1980~2010MHz DL: 2170~2200MHz) were widely discussed. The adjacent/overlapping TN bands to NTN band n256 are shown in Figure 5.2.1-1.
1)	Coexistence protection for band n34 DL
The NS_24 including associated A-MPR value as specified in TS 38.101-1[17] is reused to solve this issue in Release 17. However, other companies pointed out the n256 UL frequency range can’t be leveraged due to 5MHz guard band at the upper of n256 UL frequency range to protect band n34.If NS_24 is used, n256 will be reduced due to the 5 MHz guard band that has been considered with NS_24, frequency range 2005-2010 MHz can not be used anymore. Besides, when NS_24 is indicated to protect the DL frequency range of band n34, satellite UE has to reduce the out power in band n256. It will lead to UL throughput loss and even UL radio link failure for some UL RB configurations.
2)	Coexistence protection for band n39 DL
-50dBm/MHz co-existence requirement can be met considering 20MHz channel bandwidth for band n256 without A-MPR requirement, even if a band n65 duplexer is reused for band n256. 
Based on extrapolating the SEM mask to the ACLR4 region which overlaps n39 for the lowest n256 20MHz channel it is feasible to specify -50dBm/MHz protection level for n39 by n256 even when using n65 duplexer (no filter help assumed). This assumes the maximum n256 bandwidth is 20MHz
[image: cid:image001.png@01D86323.62266C00]
Figure 7.4.3.2.9-1: Coexistence analysis based on SEM mask extension for band n256
3)	Coexistence protection for band n2, n25, n70 DL
From RAN4 perspective, UE co-existence requirements can’t be fulfilled (-50dBm/MHz) for the TN bands (i.e., n2, n25 and n70) which are overlapping n256. In Release 17, it is RAN4 understanding that the co-existence issue between n256 and those TN bands shall rely on regional or national regulation. 
Other proposals:
Other proposals were submitted to solve the UE to UE coexistence issues between NTN and TN especially for the protected DL frequency range which is overlapping with UL frequency range of band n256 or next to the edge of band n256 UL filter. 
For example: 
-	Isolation regions could be defined between NTN and TN coverage. And a corresponding signaling could be designed by RAN2.
-	Before transmitting UL band n256 signals, satellite UE should determine (or be informed) whether the IMT services exist for the protected DL frequency range in the vicinity.
-	Other potential mechanisms/solutions are not precluded.
Considering these proposals will have impacts on RAN1/RAN2 specifications, these proposals were not further discussed in Release 17.
<<End of Change>>
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