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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 this paper we present our initial proposals of the RF requirements for the new NTN band. 
2	RF requirements for the NTN L-/S-band
2.1	TX requirements
2.1.1	Maximum output power
As mentioned in the WI description [2], the new NTN band will have same UE power classes, PC3 +23dBm (with ±2dB tolerance), as other existing FR1 NTN bands. It is worth noting that there have been proposals to specify higher power classes for the NTN bands, e.g. PC2, but this discussion was postponed till the March RAN plenary meeting.  
[bookmark: _Toc126155651][bookmark: _Toc126155778][bookmark: _Toc126222091][bookmark: _Toc126575015][bookmark: _Toc126575698][bookmark: _Toc126585835][bookmark: _Toc126669580]Proposal 1:	UE PC3 power class (+23dBm) with ±2dB tolerance is added for the new NTN band.	

	NR satellite band
	Class 3 (dBm)
	Tolerance (dB)

	n256
	23
	±2

	n255
	23
	±2

	[n254]
	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



2.1.2	MPR and A-MPR
The TS 38.101-5 specification already defines maximum power reduction (MPR) relaxations for the NTN bands in sub-clause 6.2.2, which are inherited from the corresponding requirements in TS 38.101-1. At the moment we cannot see any compelling reasons to define new MPR requirements just for the new NTN band.
[bookmark: _Toc126153663][bookmark: _Toc126155652][bookmark: _Toc126155779][bookmark: _Toc126222092][bookmark: _Toc126575016][bookmark: _Toc126575699][bookmark: _Toc126585836][bookmark: _Toc126669581]Proposal 2:	Existing MPR requirements are re-used for the new NTN band.

2.1.3	Emission requirements
There are several regulatory documents that provide emission limits for the frequency ranges outside operational band of 1610-1626.5MHz. For the frequency range of 1559-1605MHz both FCC and ETSI define the emission limit of -70dBW/MHz (-40dBm/MHz). In addition to that, FCC specifies an additional requirement of -80dBW/700Hz (-50dBm/700Hz) for so-called discreet emissions. For the frequency range 1605- 1610MHz, both ETSI and FCC define a linear slope that goes from -70dBW/MHz up to -10dBW/MHz. And for the same frequency range FCC defines a similar slope for discrete emissions that goes from -80dBW/700Hz (-50dBm/700Hz) to -20dBW/700Hz (10dBm/700Hz). As for the frequencies above 1626.5MHz at least ETSI defines a step function going from -30dBm/30KHz down to -30dBm/3MHz. 
Even though it is in principle possible to specify different requirements for different regions/countries, it seems more logical to combine logically these out-of-band emission requirements. Then, the "combined" out-of-band emission requirements can be captured as follows:
-	1559-1605MHz: there are two levels of -40dBm/MHz and -50dBm/700Hz (from ETSI and FCC)
-	1605-1610MHz: there is a slope from -40dBm/MHz to 20dBm/MHz (from ETSI and FCC)
-	1605-1610MHz: there is a slope from -50dBm/700Hz to 10dBm/700Hz (from FCC)
-	1628.5-2200MHz: there is a step function going from -30dBm/30KHz down to -30dBm/3MHz (from ETSI)

[bookmark: _Toc126155654][bookmark: _Toc126155781][bookmark: _Toc126222093][bookmark: _Toc126575017][bookmark: _Toc126575700][bookmark: _Toc126585837][bookmark: _Toc126669582]Proposal 3a:	Specify additional out-of-band emission requirements based on the combined FCC and ETSI requirements.

Table below presents how we can capture "combined" FCC and ETSI requirements in TS 38.101-5. 
Table 2.1.3-1: Additional out-of-band emission requirements for frequencies below 1610MHz and above 1626.25MHz.
	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit1 (dBm)
	Measurement bandwidth 
	NOTE

	
	5 MHz, 10 MHz, 15 MHz
	
	

	1559 ≤ f ≤ 1605
	-50
	700 Hz
	Discreet emissions averaged over any 2 millisecond active transmission interval

	1559 ≤ f ≤ 1605
	-50 + 60/5 (f-1605)
	700 Hz
	

	1559 ≤ f ≤ 1605
	-40
	1MHz
	Averaged over any 2 millisecond active transmission interval

	1605 ≤ f ≤ 1610
	-40 + 60/5 (f-1605)
	1MHz
	

	
	
	
	

	1628.5 ≤ f ≤ 1631.5
	-30
	30kHz
	

	1631.5 ≤ f ≤ 1636.5
	-30
	100kHz
	

	1636.5 ≤ f ≤ 1646.5
	-30
	300kHz
	

	1646.5 ≤ f ≤ 1666.5
	-30
	1MHz
	

	1666.5 ≤ f ≤ 2200
	-30
	3MHz
	

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



In addition to the out-of-band emission requirements, at least ETSI regulations also define in-band emission limits which are logically separated into two frequency blocks: 1610-1618.25MHz and 1618.25-1626.5MHz. While both in-band emission masks set the lowest limit to -26dBm/30kHz, the latter mask has a steeper slope reaching the level of -26dBm/30kHz already at 1.8MHz offset from the wanted signal. Thus, to differentiate between these two sub-ranges and associated requirements it is possible to introduce two NS flags so that each of them can indicate which emission limits a UE should obey.
[bookmark: _Toc126155655][bookmark: _Toc126155782][bookmark: _Toc126222094][bookmark: _Toc126575018][bookmark: _Toc126575701][bookmark: _Toc126585838][bookmark: _Toc126669583]Proposal 3b:	Specify additional in-band emission requirements based on the ETSI requirements for 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges.
[bookmark: _Toc126155783][bookmark: _Toc126222095][bookmark: _Toc126575019][bookmark: _Toc126575702][bookmark: _Toc126585839][bookmark: _Toc126669584]Proposal 3c:	Specify two NS flags to differentiate between different in-band emission requirements in 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges.
Table 2.1.3-2: Additional in-band emission requirements for 1610-1618.25MHz.
	ΔfOOB (kHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth

	± 0-160
	-2
	30kHz

	± 160-2300
	-2 to -26
	

	± 2300-18500
	-26
	

	NOTE:	Spectrum emissions from -32 to -56dBm are linearly interpolated in dBm versus frequency offset.



Table 2.1.3-3: Additional in-band emission requirements for 1618.25-1626.5MHz.
	ΔfOOB (kHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth

	± 0-160
	-5
	30kHz

	± 160-225
	-5 to -8.5
	

	± 225-650
	-8.5 to -15
	

	± 650-1365
	-15
	

	± 1365-1800
	-23 to -26
	

	± 1800-16500
	-26
	

	NOTE:	Spectrum emissions from -32 to -56dBm are linearly interpolated in dBm versus frequency offset.




2.1.4	UE co-existence emission requirements
A new NTN band [254] UL is right next to the UL of another NTN band n255. Purely from that perspective UE co-existence emission requirements for band [254] can be based on band n255. Nevertheless, there are certain differences for a new band [n254] that are summarised as follows:
-	NR bands n77 and n78 are moved to the "main" list of protected bands;
-	NR bands n104 and n105 are added;
-	E-UTRA bands 31, 54, 72, 73, 87, 88, 103 are added.
 
As a related topic, we suggest discussing further in RAN WG4 whether we need to add NTN bands [254], n255 and n256 to the list of protected bands. As an example, a new NTN band should also protect n255 and n256, and similarly NTN bands n255 and n256 should be protecting [n254]. In fact, both NTN bands n255 and n256 already have the NR band n53 on the list, which implicitly protects [n254], but for the sake of consistency the 3GPP specifications use to mention all relevant bands.

[bookmark: _Toc126155656][bookmark: _Toc126155784][bookmark: _Toc126222096][bookmark: _Toc126575020][bookmark: _Toc126575703][bookmark: _Toc126585840][bookmark: _Toc126669585]Proposal 4a:	UE co-existence requirements can be based on existing requirements for band n255.
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Proposal 4c:	To be discussed further whether we need to add NTN bands [n254], n256 and n255 into the list of protected bands. 


The corresponding change in the TS 38.101-5 specification will look as presented in the table below.
	NR NTN satellite Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	[n254]
	NR Band n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n30, n34, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n70, n71, n74, n75, n76, n77, n78, n85, n90, n91, n92, n93, n94, n100, n101, n105, n255, n256
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 31, 54, 72, 73, 87, 88, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n79, n104
	FDL_low
	-
	FDL_high
	-50
	1
	2

	n255
	NR Band n1, n2, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n25, n26, n28, n29, n30, n34, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n70, n71, n74, n75, n76, n85, n90, n91, n92, n93, n94, n100, n101, n254
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	n256
	NR Band n1, n3, n5, n7, n8, n12, n13, n14, n18, n20, n24, n26, n28, n29, n30, n38, n39, n40, n41, n48, n50, n51, n53, n65, n66, n67, n71, n74, n75, n76, n78, n79, n85, n90, n91, n92, n93, n94, n101, n100, n101, n254
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 33, 35, 54
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	NR Band n77
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	NR Band n2, n25, n70
	FDL_low
	-
	FDL_high
	NA
	NA
	3



2.2	Rx requirements
2.2.1	Reference sensitivity level
The reference sensitive level for the new NTN band can be devised leveraging existing values specified for the NTN band n256 (DL frequency range at 2170–2200MHz) and the terrestrial band n53 (DL frequency range at 2483.5-2497MHz). These bands have almost identical REFSENS values, but band n53 has 0.5dB better values. Even though band n53 has a higher frequency comparing to band n256, it is the TDD band and thus does not suffer from potential performance degradation caused by simultaneous Tx and Rx operations. Unlike the TDD band n53, the new NTN band [n254] is the FDD band, so it is suggested to same values as for the NTN band n256.
[bookmark: _Toc126155658][bookmark: _Toc126155786][bookmark: _Toc126222098][bookmark: _Toc126575022][bookmark: _Toc126575705][bookmark: _Toc126585842][bookmark: _Toc126669587]Proposal 5:	Same REFSENS values as for the band n256 are adopted for the new NTN band.	

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)

	n256
	15
	-99.5
	-96.3
	-94.5
	-93.8
	
	
	
	
	
	

	
	30
	
	-96.6
	-94.6
	-94.0
	
	
	
	
	
	

	
	60
	
	-97.0
	-94.9
	-94.2
	
	
	
	
	
	

	n255
	15
	-100.0
	-96.8
	-95.0
	-93.8
	
	
	
	
	
	

	
	30
	
	-97.1
	-95.1
	-94.0
	
	
	
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	
	
	
	
	
	

	[n254]
	15
	-99.5
	-96.3
	-94.5
	
	
	
	
	
	
	

	
	30
	
	-96.6
	-94.6
	
	
	
	
	
	
	

	
	60
	
	-97.0
	-94.9
	
	
	
	
	
	
	

	NOTE：The transmitter shall be set to PUMAX as defined in clause 6.2.4 of 3GPP TS 38.101-1 [5].



2.2.2	In-band and out-of-band blocking requirements
The NTN bands n255 and n256 re-use existing in-band blocking requirements already defined for the terrestrial bands operating in the same frequency range. Thus, we suggest following the same approach and apply the same in-band blocking requirements also for the new NTN band.
[bookmark: _Toc126155659][bookmark: _Toc126155787][bookmark: _Toc126222099][bookmark: _Toc126575023][bookmark: _Toc126575706][bookmark: _Toc126585843][bookmark: _Toc126669588]Proposal 6a:	Existing in-band blocking requirements can be applied to the new NTN band.	

As for the out-of-band blocking requirements, there exist out-of-band blocking requirements for the terrestrial band n53 defined for almost the same frequency range as the new NTN band (see Figure 2.2.2-1 below for the graphical representation of these requirements). Since from the viewpoint of the UE blocking requirements it does not fundamentally matter whether the wanted signal comes from the terrestrial or the satellite base station, it is possible to re-use existing band n53 requirements with the only difference is that the upper band edge is updated to 2500MHz.  
[image: ]
Figure 2.2.2-1: Summary of the band n53 out-of-band blocking requirements.
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The table below is the corresponding excerpt from the draft running CR illustrating how the out-of-band blocking requirements can be implemented in the specification.
	Operating Band
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	[n254]2
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750

	n255
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750

	n2561
	Finterferer (CW)
	MHz
	-100 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-145 < f – FDL_low ≤ -100
or
60 ≤ f – FDL_high < 85
	1 ≤ f ≤ FDL_low – 145
or
FDL_high + 85 ≤ f
≤ 12750

	NOTE 1:	Band n256 lower frequency ranges are modified to enable specific implementations void
NOTE 2:	Band [n254] power level of the interferer (Pinterferer) for Range 3 shall be modified to -20 dBm for Finterferer > 2580 MHz and FInterferer < 2775 MHz.
NOTE 3:	void
NOTE 4:	void



3	Conclusions
In this paper we have presented our initial considerations on the RF requirements covering both Tx and Rx aspects. The corresponding changes to TS 38.101-5 can be found in [4].

Proposal 1:	UE PC3 power class (+23dBm) with ±2dB tolerance is added for the new NTN band.
Proposal 2:	Existing MPR requirements are re-used for the new NTN band.
Proposal 3a:	Specify additional out-of-band emission requirements based on the combined FCC and ETSI requirements.
Proposal 3b:	Specify additional in-band emission requirements based on the ETSI requirements for 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges.
Proposal 3c:	Specify two NS flags to differentiate between different in-band emission requirements in 1610-1618.25MHz and 1618.25-1626.5MHz frequency ranges.
Proposal 4a:	UE co-existence requirements can be based on existing requirements for band n255.
Proposal 4b:	Additional NR bands n104 and n105 as well as E-UTRA bands 31, 54, 72, 73, 87, 88, 103 are added to the list of protected bands.
Proposal 5:	Same REFSENS values as for the band n256 are adopted for the new NTN band.
Proposal 6a:	Existing in-band blocking requirements can be applied to the new NTN band.
Proposal 6b:	Existing band n53 out-of-band blocking requirements (with the changed upper edge to 2500MHz) can be applied to the new NTN band.
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