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1	Introduction 
After the RAN#86 meeting, the Rel-17 WI was approved that aimed at enabling the 5G/NR radio access technology for non-terrestrial satellite deployments [1]. One of the WI objectives was to define and introduce the corresponding bands into the 3GPP specifications. The outcome of these discussions was two NTN bands – L-band and S-band – which were added as bands n255 and n256, respectively, to the Rel-17 core specifications. However, already that time it was noted that there exist other satellite deployments that use mixed L-/S-band pairing, whereupon the UL part is one the L-band, while the DL part is one the S-band. To limit the overall workload in Rel-17, it was decided by RAN WG4 to focus on L- and S-bands with the common understanding that other potential NTN bands should follow the "normal" process of submitting a new spectrum WI. So, during the RAN#98 meeting a new Rel-18 NTN spectrum WI was agreed with the objective of adding support for a new NTN band where the UL is on the L-band and the DL is on the S-band [2].
During the previous RAN WG4 meetings several agreements for the Tx RF requirements were made, such as the maximum Tx power, basic MPR requirements, NS values, etc. The only remaining aspect for further discussions is the A-MPR values and summarised A-MPR tables for the new NTN band.  
2	RF requirements for the NTN L-/S-band
2.1	TX requirements
2.1.1	A-MPR
During the previous RAN4#108 meeting we brought a set of power back-off simulations for 5, 10 and 15MHz channels covering both FCC and ETSI regulations [6]. As summarised that time, edge channels will most likely require some power back-off to meet strict regulatory requirements for the out-of-band emissions. On the contrary to it, channels residing in the middle of the band will not require any power back-off. What remains somewhat unanswered during the previous meetings is the minimum distance from the lower/upper edge of the band at which the configured channel will have no or minimal power back-off at least for small RB allocations.   
Thus, in addition to the configurations presented at the RAN4#108 meeting, there are two additional cases for the 5 and 10MHz channels:
-	NR 5MHz channel at the following centre frequencies:
a)	Fc=1613.9MHz (1.4MHz offset from the band lower edge)
b)	Fc=1622.4MHz (1.6MHz offset from the band upper edge)
-	NR 10MHz channel at the following centre frequencies:
a)	Fc=1620.1MHz (1.4MHz offset from the band upper edge)


As with the previous power back-off simulations, all simulations are run with the same common parameters as follows:
-	Tx power: PC3 +23dBm
-	LO placement: always in the centre of the carrier
-	Regulations: ETSI and FCC
For the sake of completeness, Figure 2.1.1-1 below shows all configuration cases for the 5, 10 and 15MHz channels with the corresponding centre frequencies used for the power back-off simulations. 
[image: ]
Figure 2.1.1-1: Considered channels for power back-off simulations.
Appendix A1 contains the corresponding power back-off figures for additional cases of the 5MHz channel, short summary for which is presented below:
-	Referring to Figure A1-1, if the 5MHz channel is shifted by 1.4MHz from the band lower edge, then small RB allocations will not require any power back-off at all. Some of the channel edge allocations might need power back-off, but it does not exceed baseline MPR. Only large, full channel, allocations will have power back-off exceeding A-MPR, but it is not likely that the NTN base station will allocate all RBs to a UE because it will result in a very low PSD.
-	As for the ETSI regulations for the upper frequencies, if the 5MHz channel is shifted by 1.6MHz from the band upper edge, then required power back-off values also go down. As can be seen from Figure A1-2, irrespective of the fact whether the network allocates small or large RB blocks, required power back-off stays within the allowed MPR limits. It is worth noting that no A-MPR is needed under FCC regulations for channels at the upper frequencies.
Appendix A2 contains the corresponding power back-off figures for additional cases of the 10MHz channel, short summary for which is as follows:
-	Referring to Figure A2-1, center frequency of 1620MHz is the approximate location when, on the one hand, band lower edge emission requirements do not impact that much channel edge allocations, but at the same time ETSI upper edge out-of-band emission requirements start influencing channel upper edge allocations. As can be seen from the figure, higher power back-off is needed even for small allocations at the upper edge of the 10MHz channel.
-	With the FCC regulations, 1620MHz is the approximate center frequency when the 10MHz channel becomes farther away from the lower band edge and thus lower A-MPR can be applied because there are no out-of-band emission requirements for the higher frequencies.  

[bookmark: _Toc146731353][bookmark: _Toc148713404][bookmark: _Toc148713438][bookmark: _Toc148915097][bookmark: _Toc148964097]Proposal 1:	Capture additional power back-off simulation results in the NTN L-/S-band TR.

If an operator decides to ensure lower power back-off by configuring the 5MHz channel with offsets from the lower/upper band edges, then to avoid wasting 1.4/1.6MHz at the edges of the band it is possible to deploy other technologies, such as LTE CatM and NB-IOT. Figure 2.1.1-2 shows an exemplary allocation of channels, where an operator may consider one LTE CatM channel or seven NB-IOT channels at the lower edge of the band. For the upper edge, either eight NB-IOT channels can be configured, or one LTE CatM channel can be combined with one NB-IOT channel. 
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Figure 2.1.1-2: Exemplary allocations of channels at the edges of the band.
2.1.2	Summarised A-MPR values
In this section we provide a summary of A-MPR values needed for every channel size under the FCC and ETSI regulations accounting for the power back-off values presented during the RAN4#108 and RAN4#108bis meetings.
For the 5MHz channel, Figure 2.1.2-1 below presents a graphical summary of the required power back-off values for different 5MHz channels: 
-	The 5MHz channel right at the lower edge of the band requires power back-off even for small RB allocations irrespective of the fact whether it is FCC or ETSI regulations. If the channel is shifted by 1.4MHz, then at least small RB allocations will not require power back-off exceeding baseline MPR requirements. Shifting the 5MHz channel beyond the 1615.7MHz centre frequency results in no A-MPR at all. 
-	As for the upper edge of the band, the 5MHz channel under the FCC regulations will not require any additional A-MPR requirements even if it is right at the edge because there are no out-of-band emission requirements for the upper frequencies. However, with the ETSI regulations we will need to provide offset of 1.6MHz, upon which we will not be exceeding baseline MPR requirements.  
-	Thus, A-MPR values are the same for NS_03N (FCC) and NS_04N (ETSI lower range) at centre frequencies 1612.5 <= fc < 1615.7MHz. There is no need for A-MPR for NS_03N at centre frequencies above 1615.7MHz, but NS_05N (ETSI upper range) requires A-MPR.
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Figure 2.1.2-1: Summary of required power back-off regions for the 5MHz channel for FCC (top) and ETSI (bottom) regulations.
For the 10MHz channel:
-	For the channel right at the lower edge of the band, A-MPR might be needed even for small RB allocations at the channel edges because of the strict out-of-band emission requirements. Shifting the channel farther away from the lower edge basically improves A-MPR with the switching point at the centre frequency of around 1620.1MHz (i.e. 1.4MHz offset from the upper edge), after which at least for the ETSI requirements emission requirements from the upper frequencies start influencing allocations at the channel’s upper edge. Based on that A-MPR values can be considered the same for NS_03N (FCC) and NS_05N (ETSI) for the centre frequencies at 1615 <= fc < 1620.1MHz.
-	For the channel right at the upper edge of the band, A-MPR is generally not needed for small allocations under the FCC regulations, which is reflected in the corresponding A-MPR for NS_03 for the channel at 1621.5MHz. However, with NS_05N (ETSI) A-MPR is still required because of the out-of-band emission requirements for upper frequencies.  
-	As can be seen from Figure 2.1.2-2 below, the only major difference between the FCC and ETSI A-MPR regions is that the former can have optimised 10MHz channel placed right at the upper edge of the band. 
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Figure 2.1.2-2: Summary of required power back-off regions for the 10MHz channel for FCC (top) and ETSI (bottom) regulations.

For the 15MHz channel, more or less same A-MPR is needed for NS_03N (FCC) and NS_05N (ETSI) irrespective of the fact where exactly the channel is configured and whether it is under the FCC or ETSI regulations.
The corresponding A-MPR values are summarised in Table 2.1.2-1, 2.1.2-2 and 2.1.2-3 below for the corresponding NS values and NR channel bandwidths.
[bookmark: _Toc146731354][bookmark: _Toc148713405][bookmark: _Toc148713439][bookmark: _Toc148915098][bookmark: _Toc148964098]Proposal 2:	Capture proposed A-MPR values for NS_03N, NS_04N and NS_05N in TS 38.101-5.

Table 2.1.2-1: A-MPR values for NS_03N (FCC)
	Channel BW
	Carrier Center Frequency
	RB_start*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	5MHz
	1612.5 <= fc < 1613.9
	<= 0.36
	<= 0.36
	A1

	
	
	
	>= 2.88
	A2

	
	1613.9 <= fc < 1615.7
	
	>= 3.24
	A3

	10MHz
	1615 <= fc < 1620.1
	<= 1.8
	<= 5.04
	A4

	
	
	<= 1.8
	> 5.04
	A5

	
	
	> 7.2 
	> 0
	A6

	
	
	> 1.8
	>= 2.88
	A2

	
	1620.1 <= fc < 1621.5
	
	<= 6.48
	A6

	
	
	<= 0.36
	<= 0.36
	A1

	
	fc = 1621.5
	
	>= 7.2
	A1

	15MHz
	all
	<= 3.6
	<= 5.04
	A4

	
	
	<= 3.6
	> 5.04
	A5

	
	
	> 10.44
	
	A6

	
	
	> 3.6
	>= 4.32
	A2



	
	Modulation
	A1
	A2
	A3
	A4
	A5
	A6

	DFT-s-OFDM
	Pi/2 BPSK
	2.5
	5.0
	1.5
	6.5
	12.0
	3.5

	
	QPSK
	2.5
	5.0
	1.5
	6.5
	12.0
	3.5

	
	16QAM
	2.5
	5.0
	2.0
	6.5
	12.0
	3.5

	
	64QAM
	
	5.0
	
	6.5
	12.0
	3.5

	
	256QAM
	
	
	
	6.5
	12.0
	

	CP-OFDM
	QPSK
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	16QAM
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	64QAM
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	256QAM
	
	6.5
	
	8.0
	14.0
	






Table 2.1.2-2: A-MPR values for NS_04N (ETSI lower sub-range)
	Channel BW
	Carrier Center Frequency
	RB_start*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	5MHz
	1612.5 <= fc < 1613.9
	<= 0.36
	<= 0.36
	A1

	
	
	
	>= 2.88
	A2

	
	1613.9 <= fc < 1615.7
	
	>= 3.24
	A3



	
	Modulation
	A1
	A2
	A3

	DFT-s-OFDM
	Pi/2 BPSK
	2.5
	3.5
	3.0

	
	QPSK
	2.5
	3.5
	3.0

	
	16QAM
	2.5
	3.5
	3.0

	
	64QAM
	
	3.5
	3.0

	
	256QAM
	
	
	

	CP-OFDM
	QPSK
	3.5
	6.5
	4.5

	
	16QAM
	3.5
	6.5
	4.5

	
	64QAM
	3.5
	6.5
	4.5

	
	256QAM
	
	
	




Table 2.1.2-3: A-MPR values for NS_05N (ETSI upper sub-range)
	Channel BW
	Carrier Center Frequency
	RB_start*12*SCS (MHz)
	LCRB*12*SCS (MHz)
	A-MPR

	5MHz
	1622.4 < fc <= 1624
	<= 3.6
	> 0.36
	A3

	
	
	
	>= 2.88
	A1

	10MHz
	1615 <= fc < 1620.1
	<= 1.8
	<= 5.04
	A4

	
	
	<= 1.8
	> 5.04
	A5

	
	
	> 7.2 
	> 0
	A6

	
	
	> 1.8
	>= 2.88
	A2

	
	1620.1 <= fc <= 1621.5
	
	<= 7.2
	A6

	
	
	<= 0.36
	<= 0.36
	A1

	
	
	> 7.2
	> 0
	A6

	15MHz
	all
	<= 3.6
	<= 5.04
	A4

	
	
	<= 3.6
	> 5.04
	A5

	
	
	> 10.44
	
	A6

	
	
	> 3.6
	>= 4.32
	A2



	
	Modulation
	A1
	A2
	A3
	A4
	A5
	A6

	DFT-s-OFDM
	Pi/2 BPSK
	2.5
	5.0
	1.5
	6.5
	12.0
	3.5

	
	QPSK
	2.5
	5.0
	1.5
	6.5
	12.0
	3.5

	
	16QAM
	2.5
	5.0
	2.0
	6.5
	12.0
	3.5

	
	64QAM
	
	5.0
	
	6.5
	12.0
	3.5

	
	256QAM
	
	
	
	6.5
	12.0
	

	CP-OFDM
	QPSK
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	16QAM
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	64QAM
	3.5
	6.5
	
	8.0
	14.0
	4.5

	
	256QAM
	
	6.5
	
	8.0
	14.0
	




3	Conclusions
In this paper we have presented our further considerations on remaining open issues for the RF requirements, such as A-MPR and tables with summarised A-MPR values. The corresponding TPs for TR 38.741 can be found in [4] and [5].
And the changes to TS 38.101-5 can be found in [6].

Proposal 1:	Capture additional power back-off simulation results in the NTN L-/S-band TR.
Proposal 2:	Capture proposed A-MPR values for NS_03N, NS_04N and NS_05N in TS 38.101-5.
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Appendix A1: Power back-off simulation results for 5MHz
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Figure A1-1: Power back-off values for the 5MHz channel at Fc=1613.9MHz (FCC and ETSI).
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Figure A1-2: Power back-off values for the 5MHz channel at Fc=1622.4MHz (ETSI).



Appendix A2: Power back-off simulation results for 10MHz

[image: ]
Figure A2-1: Power back-off values for the 10MHz channel at Fc=1620MHz (ETSI).

[image: ]
Figure A2-2: Power back-off values for the 10MHz channel at Fc=1620MHz (FCC).
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