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1	Introduction 
After the RAN#86 meeting, a new WI was approved that aims at supporting 5G/NR radio access technology for non-terrestrial satellite deployments [1]. One of the WI objectives, which has been discussed by RAN WG4 for several meetings, is to define and introduce the corresponding bands into the 3GPP specifications. One of the most controversial issues is that while some of the satellite bands fall into the existing 3GPP FR1frequency range, there are other bands that either do not fall into any existing range or partially overlap with them [2]-[8]. This issue was also discussed during the last RAN4#98 meeting, during which it was concluded that the existing NTN WI will aim at introducing support for so-called L- and S-bands in Rel-17. On the contrary to it, Ku- and Ka-bands need more discussions potentially requiring further guidance from the RAN plenary.  Thus, in this discussion paper we present our further considerations on how 3GPP can proceed with Ku- and Ka-bands. 

2	Satellite bands 
2.1	Overview of satellite bands
As already mentioned in the Introduction part, RAN WG4 has been contemplating several satellite bands for the NTN WI. As discussed and concluded during the RAN4#98 meeting, both L- and S-bands will be considered further during the NTN WI. For the sake of further clarity, Table 2-1 below presents L- and S-band regulatory related parameters, such as frequency ranges, direction and ITU regions; for the sake of convenience, we also present the overall channel bandwidth for contiguous satellite frequency ranges. As can be seen, these are low/mid-frequency bands fully falling into the existing 3GPP FR1 frequency range thus inheriting all the major principles and system level parameters of FR1.  

Table 2.1-1: Regulatory parameters of the L- and S-bands.
	Band
	Frequencies (MHz)
	Direction
	Channel (MHz)
	Regions

	L-band
	1518-1559
	Space to Earth (DL)
	41MHz (DL)
	1, 2, 3

	
	1610-1613.8
	Earth to Space (UL)
	16.5MHz (UL)
	

	
	1613.8-1621.35
	Earth to Space (UL)
Space to Earth (DL)
	
	

	
	1621.35-1626.5
	Earth to Space (UL)
	
	

	
	1626.5-1660.5
	Earth to Space (UL)
	34MHz (UL)
	

	
	1668-1668.4
	Earth to Space (UL)
	7MHz (UL)
	

	
	1668.4-1670
	Earth to Space (UL)
	
	

	
	1670-1675
	Earth to Space (UL)
	
	

	
	
	
	
	

	S-band
	1980-2010
	Earth to Space (UL)
	30MHz (UL)
	1, 2, 3

	
	2010-2025
	Earth to Space (UL)
	15MHz (UL)
	2

	
	2160-2170
	Space to Earth (DL)
	10MHz (DL)
	2

	
	2170-2200
	Space to Earth (DL)
	30MHz (DL)
	1, 2, 3

	
	2483.5-2500
	Space to Earth (DL)
	16.5MHz (DL)
	1, 2, 3

	
	2500-2520
	Space to Earth (DL)
	20MHz (DL)
	3

	
	2670-2690
	Earth to Space (UL)
	20MHz (UL)
	3



There is a number of companies interested also in Ku- and Ka-bands, conclusion for which however was less straightforward. As discussed during the previous RAN WG4 meeting, one of the major reasons is that these bands either do not fall into any existing 3GPP frequency range or only partially overlap with them. As can be seen from Table 2-2 below, while the Ka-band has only UL overlapping with the existing 3GPP FR2 range, the Ku band is fully outside FR1 or FR2. And even though it has been claimed in several discussion papers that 3GPP can surmount this problem by just extending FR2, there are a number of associated technical issues that need deeper analysis by 3GPP. 

Table 2.1-2: Regulatory parameters of the Ku- and Ka-bands.
	Band
	Frequencies (GHz)
	Direction
	Channel (MHz)
	Regions
	FSS
	MSS

	Ku-band
	10.7-11.7
	SPACE TO EARTH (DL)
	1000MHz (DL)
	1,2,3
	YES
	

	
	11.7-12.2
	SPACE TO EARTH (DL)
	500MHz (DL)
	2
	YES
	

	
	12.2-12.5
	SPACE TO EARTH (DL)
	300MHz (DL)
	3
	YES
	

	
	12.5-12.75
	SPACE TO EARTH (DL)
	250MHz (DL)
	1,3
	YES
	

	
	13.4-13.65
	SPACE TO EARTH (DL)
	250MHz (DL)
	1
	YES
	

	
	
	
	
	
	
	

	
	13.75-14
	EARTH TO SPACE (UL)
	250MHz (UL)
	1, 2, 3
	YES
	

	
	14-14.25
	EARTH TO SPACE (UL)
	500MHz (UL)
	1, 2, 3
	YES
	yes

	
	14.25-14.3
	EARTH TO SPACE (UL)
	
	
	
	

	
	14.3-14.4
	EARTH TO SPACE (UL)
	
	
	
	

	
	14.4-14.47
	EARTH TO SPACE (UL)
	
	
	
	

	
	14.47-14.5
	EARTH TO SPACE (UL)
	
	
	
	

	
	14.5-14.75
	EARTH TO SPACE (UL)
	250MHz (UL)
	1, 2, 3
	YES
	

	
	
	
	
	
	
	

	Ka-band
	17.3-17.7
	SPACE TO EARTH (DL)
	400MHz (DL)
	1
	YES
	

	
	17.7-18.4
	SPACE TO EARTH (DL)
	2000MHz (DL)
	1, 2, 3
	YES
	

	
	18.4-18.6
	SPACE TO EARTH (DL)
	
	1, 2, 3
	YES
	

	
	18.6-18.8
	SPACE TO EARTH (DL)
	
	1, 2, 3
	YES
	

	
	18.8-19.3
	SPACE TO EARTH (DL)
	
	1, 2, 3
	YES
	

	
	19.3-19.7
	SPACE TO EARTH (DL)
	
	1, 2, 3
	YES
	

	
	19.7-20.1
	SPACE TO EARTH (DL)
	1500MHz (DL)
	1, 2, 3
	YES
	yes

	
	20.1-20.2
	SPACE TO EARTH (DL)
	
	
	
	YES

	
	20.2-21.2
	SPACE TO EARTH (DL)
	
	1, 2, 3
	
	YES

	
	
	
	
	
	
	

	
	27-27.5
	EARTH TO SPACE (UL)
	500MHz (UL)
	2, 3
	YES
	

	
	27.5-28.5
	EARTH TO SPACE (UL)
	2000MHz (UL)
	1, 2, 3
	YES
	

	
	28.5-29.1
	EARTH TO SPACE (UL)
	
	1, 2, 3
	YES
	

	
	29.1-29.5
	EARTH TO SPACE (UL)
	
	1, 2, 3
	YES
	

	
	29.5-29.9
	EARTH TO SPACE (UL)
	1500MHz (UL)
	1, 2, 3
	YES
	yes

	
	29.9-30
	EARTH TO SPACE (UL)
	
	
	
	YES

	
	30-31
	EARTH TO SPACE (UL)
	
	
	
	YES




2.2	Further analysis of Ku- and Ka-bands
One of the questions that has been constantly raised in RAN WG4 is which system parameters we should apply to the Ku- and Ka-bands and how to model them. As can be seen from Figure 2.2-1 below, both bands are outside existing frequency ranges with the Ka-band partially overlapping with FR2. Specifically referring to the Ka-band, it is in principle possible to extend the FR2 range down to 17GHz and thus model this band as FR2. Referring to Table 2.2-1, the corresponding SI on the 7-24GHz frequency range was already considering that range as a potential candidate for the FR2 operation. The situation with the Ku-band is less straightforward as it falls right into range where it is not so evident whether FR1 or FR2 should be used. Extending FR2 down to 13GHz may have a noticeable impact to the 3GPP specification work if there are bands identified in the same range for which FR1-like operation will be needed. 

[image: ]
Figure 2.2-1: 3GPP frequency ranges with satellite Ku- and Ka-bands.  

Table 2.2-1: Exemplary frequency selection in 7 – 24 GHz range (from TR 38.820)
	Frequency sub-range
	Frequency
(GHz)
	Example frequency
(GHz)

	1
	7.125 - fboundary, low
	10

	2
	fboundary, low - fboundary, high
	15

	3
	 fboundary, high - 24.250
	20

	Note 1:	fboundary, low is within the frequency range 10 - 13 GHz.
Note 2:	fboundary, high is within the frequency range 16 - 18 GHz.




Another important aspect that should be further contemplated by RAN WG4, and potentially WG1, is how to perform beam-management in the paired spectrum deployments. All the existing beam-management principles are based on the basic assumption that unpaired spectrum is used, so the corresponding procedures are simply missing for the paired spectrum allocations. It is also worth noting that TR 38.820 did not study these aspects and it is not trivial to estimate how big impact FR2 operation with FDD will cause to the core specifications. 
As a final point, it would be also beneficial to clarify which deployments and device types we aim at with Ku- and Ka-band accounting for existing regulatory rules. While the L- and S-band have mobile satellite service (MSS) allocation and thus can be used with handheld-like devices, Ku- and Ka-bands are mostly allocated to the fixed satellite services (FSS). And even though frequencies allocated to FSS on the primary basis can be used by earth-station-in-motion devices, it is not likely that a handheld-like device will be able to meet the same requirements. 
As a summary of our considerations, the following issues have to be addressed further for the Ku- and Ka-bands before 3GPP can introduce them: 
-	System level parameters.
-	Beam-management with paired spectrum allocations.
-	Regulatory related aspects and applicability to mobile terminals of different type.  

Conclusions
In this discussion paper we have provided overview of several open issues being discussed by RAN WG4 in the context of supporting new satellite bands by the 3GPP core specification. As agreed by the RAN4#98 meeting, the L- and S-band will be further considered by the NTN WI, whereas Ku- and Ka-band need more input from the RAN plenary. As presented in our discussion paper, introduction of these bands will inextricably require non-trivial specification efforts, and thus we ask for the RAN plenary guidance on how further studies can be conducted by technical WGs. 
Proposal:	We kindly ask RAN plenary guidance on how to frame further studies needed for the satellite Ku- and Ka-band. 
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