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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]. In addition to that, RAN#99 agreed another spectrum WI to enable the same NTN L-/S-band for the LTE-based IOT NTN technology [3].
In this discussion paper we present our initial considerations on the power back-off values needed for the LTE MTC-based communication for the NTN L-/S-band. 
2	Power back-off for the NTN L-/S-band
2.1	Regulatory requirements
Regulatory requirements for the NTN L-/S-band are summarised in TR 38.741 and can be classified into three major groups:
-	Out-of-band emission requirements for frequencies below the lower edge of the band. These requirements aim at protecting GNSS services that reside at the lower frequencies. There is a slope going from the band edge starting at 20dBm/MHz down to -40dBm/MHz. 
-	In-band emission requirements. ETSI defines additional in-band emission requirements for two sub-ranges within the operating band. Unlike 3GPP emission mask, ETSI in-band emission requirements are devised for the "fixed" transmission bandwidth i.e. the emission mask does not scale with the transmission bandwidth. 
-	Out-of-band emission requirements for frequencies above the upper edge of the band. ETSI defines additional out-of-band emission requirements as a step function going from -30dBm/30KHz down to -30dBm/3MHz

ETSI requirements partition the NTN L-/S-band into two sub-ranges, for each of which additional in-band emission requirements are defined. Figures 2.1-1 and 2.1-2 below illustrate the LTE 1.4MHz emission mask combined with the corresponding ETSI requirements for each of the sub-ranges. 
As can be seen from Figure 2.1-1, LTE 1.4MHz mask is either same or more stringent comparing to the ETSI mask for the 1610-1618.25MHz range. There are several small regions where ETSI mask is approximately 0.5dB tighter, but that should not impact power back-off values. As for 1618.25-1626.5MHz, there is a region at offset of 0.3..1MHz from the configured channel bandwidth where the ETSI requirements are 5dB stricter. 
[image: ]
Figure 2.1-1: LTE 1.4MHz emission mask and ESTI in-band requirements in 1610-1618.25MHz.
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Figure 2.1-2: LTE 1.4MHz emission mask and ESTI in-band requirements in 1618.25-1626.5MHz.


2.2	Power back-off simulations
As elaborated earlier in section 2.1, while the 3GPP emission mask for the 1.4MHz channel is generally either the same or stricter comparing to the ETSI or FCC requirements, there is one case for the ETSI in-band emission mask for the 1618.25-1626.5MHz range where the ETSI mask is stricter. To check whether existing MPR requirements still apply, we conduct a set of simulation cases with the 1.4MHz LTE channel placed in different locations. The common simulation parameters are as follows:
-	Tx power: PC3 +23dBm
-	Modulation: DFT-s-OFDM QPSK
-	LO placement: always in the centre of the carrier
-	Regulations: ETSI and FCC
As for the actual channel configurations, Figure 2.2-1 below shows three 1.4MHz channel with centre frequencies of 1610.7MHz, 1618.95MHz and 1625.8MHz.

[image: ]
Figure 2.2-1: Considered channels for power back-off simulations.
Figure 2.2-2 below captures summary of the power back-off needed for the LTE MTC 1.4MHz channel placed right at the lower edge of the NTN L-/S-band:
-	For most cases no power back-off is needed at all. Even when a single RB is scheduled at the lower-most edge of the channel resulting in the highest PSD, still no power back-off is required.
-	There are only two cases when power back-off is applied, when 5 and 6 RBs are scheduled. Still power back-off values are quite marginal, 0.2dB, and are within the existing MPR allowances (see Appendix A).
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Figure 2.2-2: Power back-off values for the 1.4MHz channel at Fc=1610.7MHz.

Figure 2.2-2 below captures summary of the power back-off needed for the LTE MTC 1.4MHz channel placed in the second ETSI sub-range of 1618.25-1626.5MHz:
-	The main conclusion is that while a UE might need some power back-off to meet emission requirements, it is needed only for 5-6 RBs and the maximum value does not exceed 0.3dB, which is still within existing MPR requirements (see Appendix A).
-	It does not matter much whether the 1.4MHz channel is at the lower or the upper edge of the second ETSI sub-range. While there are out-of-band emission requirements for frequencies above 1628.5MHz, they do not have any discernible impact on the power back-off values.
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Figure 2.2-3: Power back-off values for the 1.4MHz channel at Fc=1618.95 and Fc=1625.8MHz.

Based on these observations our preliminary view is that no additional maximum power reduction requirements are needed to meet existing FCC and ETSI requirements.
[bookmark: _Toc142377274][bookmark: _Toc142424405][bookmark: _Toc142503134][bookmark: _Toc142584542]Proposal 1a:	No A-MPR is needed to meet out-of-band emission requirements for both FCC and ETSI.
[bookmark: _Toc142424406][bookmark: _Toc142503135][bookmark: _Toc142584543]Proposal 1b:	No A-MPR is needed to meet ETSI in-band emission requirements for 1610-1618.25MHz.
[bookmark: _Toc142424407][bookmark: _Toc142503136][bookmark: _Toc142584544]Proposal 1c:	No A-MPR is needed to meet ETSI in-band emission requirements for 1618.25-1626.5MHz.
[bookmark: _Toc142321197][bookmark: _Toc142377275][bookmark: _Toc142424408][bookmark: _Toc142503137][bookmark: _Toc142584545]Proposal 1d:	Capture power back-off simulation results in the TR.

2.3	NS values
Like other satellite bands, the NTN L-/S-band requires NS values because of the existing FCC and ETSI regulations, which are not exactly the same. Based on the analysis presented below, three NS values are needed for this band as further summarised in Table 2.3-1:
a)	ETSI regulations have different in-band emission masks depending on the operating sub-range, so two NS flags are needed to differentiate between them.
b)	NS_03N applicable range is limited to 1610-1618.25MHz according to the ETSI requirements. 
c)	NS_04N is for the ETSI range 1618.25-1626.5MHz.  
d)	NS_05N is for the FCC regulatory domain. And since FCC does not introduce any special in-band emission requirements for sub-ranges, same requirements will be applicable for the whole range. 

Table 2.3-1: Summary of the proposed NS values.
	NS value
	Regulatory domain
	Applicable range (MHz)
	In-band emissions
	Out-of-band emissions

	NS_03N
	ETSI
	1610-1618.25
	ETSI (1610-1618.25)
	ETSI (1559-1610MHz)
ETSI (>1628.5MHz)

	NS_04N
	
	1618.25-1626.5
	ETSI (1618.25-1626.5)
	

	NS_05N
	FCC
	1610-1626.5
	FCC (1610-1626.5)
	FCC (1559-1610MHz)



[bookmark: _Toc142503138][bookmark: _Toc142584546]Proposal 2a:	Specify two NS flags to support ETSI regulations for the NTN L-/S-band (differentiating between different in-band emission requirements in 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges).
[bookmark: _Toc142503139][bookmark: _Toc142584547]Proposal 2b:	Specify NS flag to support FCC regulations for the NTN L-/S-band.

3	Conclusions
In this paper we have presented our considerations on the power back-off requirements for the LTE M1 devices operating in the NTN L-/S-band. As presented in the paper, existing MPR requirements are fully sufficient and thus no A-MPR is needed. 

Proposal 1a:	No A-MPR is needed to meet out-of-band emission requirements for both FCC and ETSI.
Proposal 1b:	No A-MPR is needed to meet ETSI in-band emission requirements for 1610-1618.25MHz.
Proposal 1c:	No A-MPR is needed to meet ETSI in-band emission requirements for 1618.25-1626.5MHz.
Proposal 1d:	Capture power back-off simulation results in the TR.
Proposal 2a:	Specify two NS flags to support ETSI regulations for the NTN L-/S-band (differentiating between different in-band emission requirements in 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges).
Proposal 2b:	Specify NS flag to support FCC regulations for the NTN L-/S-band.
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Appendix A: NTN M1 MPR for PC3 and PC5 
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Table 6.2A.2-1: Maximum Power Reduction (MPR) for category M1 UE for Power Class 3 and 5

Modulation Channel bandwidth / MPR (dB)
Transmission bandwidth (Nrs)
1.4 MHz
QPSK >2 <1
QPSK >5 <2
16 QAM <2 <1
16 QAM >2 <2

NOTE:  MPR only applicable for Nrs 2 1
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