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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 FR1 frequency 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. 
During the RAN4 #98bis meeting, the following agreement relevant to the NTN band plan was achieved [9]:
	Topic #3
-	For NTN S-band, RAN4 shall consider 5, 10, 15, 20, 25, 30 MHz channel BW configurations. 
-	Note1: This current agreement may evolve depending on operator requests.
-	Note2: This current agreement considers the possible band configuration for S-band (and can be different from the one used for the coexistence, which might be a subset).
-	For NTN S-band, RAN4 shall at least consider 1 DL spectrum + 1 UL spectrum in the range (1980 - 2010 MHz) and (2170 - 2200 MHz).
-	RAN4 shall continue discussion on NTN channel raster for S-Band, and L-band.
-	Option 1: 15 kHz
-	Option 2:  100 kHz
-	Other options not precluded
-	NTN operators’ input are encouraged for channel arrangements 
-	RAN4 shall continue discussion to clarify L-band frequency range for NTN operation. 
-	List candidate options if any.
-	RAN4 shall consider inputs from NTN operators for the NTN-NTN coexistence scenarios for MSS S-band.



As was commented during the RAN4 #98bis meeting’s GTW session, other frequency ranges in the S-band are of interest to satellite operators. Furthermore, UL/DL spectrum pairings between the L-band and S-band frequency ranges, respectively, are in use by satellite providers today. This contribution proposes an additional band plan to be added to the RAN4 NTN work plan and provides the relevant regulatory background.
2	Discussion
2.1	Band plan 
In an effort to provide context to the NTN band plan discussion, Table 1 below provides an overview of global frequency allocations for mobile satellite service (MSS) and regulatory related parameters, such as frequency ranges, direction and ITU regions based on the ITU regulation [10]. For the sake of convenience, we also present the total bandwidth for contiguous satellite frequency ranges.
Table 1: Regulatory parameters of the L-band and S-band
	Band
	Frequencies (MHz)
	Direction
	Total BW (MHz)
	Regions

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

	
	1610-1613.8
	Earth to Space (UL)
	3.8MHz (UL)
	

	
	1613.8-1626.5
	Earth to Space (UL)
Space to Earth (DL)
	12.7MHz (UL/DL)
	

	
	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



The satellite allocations are "paired" in a sense that DL and UL blocks reside on different center frequencies, for which 3GPP can in principle consider frequency division duplex (FDD). However, satellite allocations do not follow exactly the same "paired" spectrum allocations as what 3GPP assumes for the FDD terrestrial bands (i.e. two blocks of paired spectrum with a duplex gap in between). Different DL blocks can be paired with different UL blocks depending on a particular deployment case and scenario. Thus, when defining the band plan for NTN bands, 3GPP should take into account the way regional regulators and service operators pair UL and DL frequency ranges.  These pairings may not follow the same principles according to which terrestrial bands are specified, and flexible pairing of UL and DL sub-ranges may be useful to consider.
Observation 1:	When defining the band plan for NTN bands, 3GPP should take into account the way regional regulators and service operators pair UL and DL frequency ranges.
Recalling the agreement from RAN4 #98bis [9], the selection of the 1980 - 2010 MHz UL and 2170 - 2200 MHz DL pairing within the S-band is only one possible pairing, where both UL and DL sub-ranges happen to fall within the S-band frequency range. 
Proposal 1:	RAN4 shall also consider the mixed pairing of (L-band) and (S-band) in the related NTN work item.
There is another potential pairing involving UL block 1610 - 1618.725MHz from the L-band and the DL block 2483.5 – 2500MHz from the S-band. Referring specifically to the UL block, ITU-R regulations allocate 1610-1613.8MHz for the UL operation. At the same time, the 1613.8-1626.5MHz block can be used for the UL operation on the primary basis and the DL operation on the secondary basis. As follows from the FCC Order of Modification 08-248, it was agreed that a contiguous block of 1610-1618.725MHz is allocated for UL mobile satellite service (within which 1610-1617.775MHz is authorised for exclusive use and 1617.775-1618.725MHz shall operate on a shared basis). 
Proposal 2:	RAN4 shall also consider the pairing of 1610 - 1618.725 MHz UL (L-band) and 2483.5 – 2500 MHz DL (S-band) in the related NTN work item.
2.2	Regulatory requirements
In an effort to initiate the regulatory survey of requirements applicable to the pairing of 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL, Table 2 below summarizes the applicable regulatory requirements to this pairing of UL and DL.
Table 2: Regulatory requirements for 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL
	Frequencies (MHz)
	Direction
	Total BW (MHz)
	FCC regulation
	ETSI regulation

	1610-1618.725
	Earth to Space (UL)
	8.725
	FCC 47 CFR 25.202, 25.216 [11]
	ETSI EN 301 441 [12]

	2483.5 – 2500
	Space to Earth (DL)
	16.5
	
	ETSI EN 301 441 [12]



The FCC 47 CFR 25.216 defines out of band emission limits outside the band 1610 – 1660.5 MHz, as shown in Figure 1 below (NOTE: the frequency range 1610-1618.725 MHz is shown in blue in the figure).
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Figure 1: FCC out of band emission limits applicable to UL in 1610-1660.5 MHz [47 CFR 25.216]
The FCC 47 CFR 25.202 defines an emission mask based on the bandwidth allocated within a channel.  Assuming a 5 MHz channel, the emission mask is shown in Figure 2 below.
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Figure 2: FCC emission mask applicable to UL in 1610-1626.5 MHz [47 CFR 25.202] 
The ETSI EN 301 441 harmonized standard defines out of band emission limits outside the band 1610 – 1626.5 MHz, as shown in Figure 3 below (NOTE: the frequency range 1610-1618.725 MHz is shown in blue in the figure).
[image: ][image: Table

Description automatically generated]
Figure 3: ETSI out of band emission limits applicable to UL in 1610-1626.5 MHz
Additionally, ETSI defines two emission masks, applicable depending on the allocated UL frequency range.  Figure 4 below illustrates these requirements, assuming a 5 MHz channel.
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Figure 4: ETSI out of band emission masks applicable to: a) UL channel entirely or partially contained in the frequency band 1618.25 - 1626.5 MHz; b) UL channel entirely contained in the frequency band 1610 – 1618.25 MHz
When adding this band to the NTN band plan, 3GPP should discuss how to incorporate the regulatory emission requirements into the RF requirements specification.
Observation 2:	If 3GPP adopts the FCC emission mask as the general requirement, then additional emission requirements associated with Region 1 need to be specified.
The ETSI harmonized standard also defines regulatory requirements related to DL reception in the 2483.5 – 2500 MHz frequency range: these requirements include adjacent channel selectivity and narrow-band blocking (Figures 5 and 6).
[image: ][image: Graphical user interface, text, application

Description automatically generated]
Figure 5: ETSI ACS requirements applicable to DL reception in the 2483.5 – 2500 MHz frequency range
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Figure 6: ETSI blocking requirements applicable to DL reception in the 2483.5 – 2500 MHz frequency range
3GPP requirements on ACS and narrow-band blocking should take the ETSI regulation into account.  The typical process for 3GPP to define these requirements is by performing a system level simulation campaign and to derive the ACS parameter from these results.  Similarly, parameters associated with narrow-band blocking requirements (such as frequency offset, interferer level, and allowed REFSENS degradation) follow certain pre-established criteria.  If 3GPP, in the process of deriving ACS and blocking requirements, defines a less stringent general requirement, then ways to apply additional regional requirements for ACS and/or blocking should be discussed.
Proposal 3:	3GPP should take the relevant FCC and ETSI regulation into account when defining Tx and Rx NTN requirements for the pairing of 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL.
2.3	System parameters
Both L-band and S-band are fully contained within the existing 3GPP FR1 frequency range, and thus they inherit all of the major principles and system level parameters of FR1, such as SCS, channel bandwidth, channel and sync raster, etc. As agreed in [9], UL channel bandwidth of 5 MHz and DL channel bandwidths of 5, 10, and 15 MHz are applicable to the pairing of 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL.  This can potentially result in an asymmetric definition of UL/DL channels.
Observation 3:	NR UL channel bandwidth of 5 MHz and NR DL channel bandwidths of 5, 10, and 15 MHz are applicable to the pairing of 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL
The total available UL and DL channel bandwidths of the proposed band plan in Table 2 (8.725 MHz and 16.5 MHz, respectively) do not correspond to the NR standard channels. The simplest approach is to use the next smaller NR standard channel size (which will of course result in worse spectrum utilisation).
It is of interest to consider better spectrum utilisation and to leverage the ongoing SI on "Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths" (FS_NR_eff_BW_util), the outcome of which aims at studying and developing the corresponding solutions. It bears mentioning that 7MHz is already in the scope of that SI, whereas other non-standard channel bandwidths have to be explicitly added into that SI. 
Observation 4:	If there is an interest in improving spectrum utilisation of non-standard satellite allocations, then the corresponding work should be added into the scope of existing SI on "Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths" (FS_NR_eff_BW_util).

3	Conclusions
In this contribution we provided a global mobile satellite service band plan pairing the 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL frequency ranges within the L-band and S-band respectively; we described the relevant regulatory requirements; and we identified several aspects related to system parameters relevant to this band plan.
Proposal 1:	RAN4 shall also consider the mixed pairing of (L-band) and (S-band) in the related NTN work item.
Proposal 2:	RAN4 shall also consider the pairing of 1610 - 1618.725 MHz UL (L-band) and 2483.5 – 2500 MHz DL (S-band) in the related NTN work item.
Proposal 3:	3GPP should take the relevant FCC and ETSI regulation into account when defining Tx and Rx NTN requirements for the pairing of 1610 - 1618.725 MHz UL and 2483.5 – 2500 MHz DL.
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§25.216 Limits on emissions from mobile earth stations for protection of aeronautical
radionavigation-satellite service.

(a) The e.i.r.p. density of emissions from mobile earth stations placed in service on or before July 21, 2002
with assigned uplink frequencies between 1610 MHz and 1660.5 MHz shall not exceed =70 dBW/MHz,
averaged over any 2 millisecond active transmission interval, in the band 1559-1587.42 MHz. The e.i.r.p. of
discrete emissions of less than 700 Hz bandwidth generated by such stations shall not exceed -80 dBW,
averaged over any 2 millisecond active transmission interval, in that band.

(b) The e.i.r.p. density of emissions from mobile earth stations placed in service on or before July 21, 2002
with assigned uplink frequencies between 1610 MHz and 1626.5 MHz shall not exceed -64 dBW/MHz,
averaged over any 2 millisecond active transmission interval, in the band 1587.42-1605 MHz. The e.i.r.p. of
discrete emissions of less than 700 Hz bandwidth generated by such stations shall not exceed -74 dBW,
averaged over any 2 millisecond active transmission interval, in the 1587.42-1605 MHz band.

(c) The e.i.r.p. density of emissions from mobile earth stations placed in service after July 21, 2002 with
assigned uplink frequencies between 1610 MHz and 1660.5 MHz shall not exceed =70 dBW/MHz, averaged
over any 2 millisecond active transmission interval, in the band 1559-1605 MHz. The e.i.r.p. of discrete
emissions of less than 700 Hz bandwidth from such stations shall not exceed -80 dBW, averaged over any 2
millisecond active transmission interval, in the 1559-1605 MHz band.
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Table 3: Maximum unwanted emissions outside the band 1 610 MHz to 1 626,5 MHz

and the band 1 626,5 MHz to 1 628,5 MHz

Frequency Carrier-on
(MHz) EIRP (dBW) Measurement bandwidth Measurement method

0,1to0 30 -66 10 kHz Peak-hold

30 to 1 000 -66 100 kHz Peak-hold

1000 to 1 559 -60 1 MHz Average
1559 to 1 580,42 -70 1 MHz Average (see note 1)

1 580,42 to 1 605 -70 1 MHz Average

1605t0 1610 -70 to -10 1 MHz Average

(see note 2)

1610to 1 626,5

Not applicable

Not applicable

Not applicable

1626,5 to 1 628,5

Not applicable

Not applicable

Not applicable

1628,5t01631,5 -60 30 kHz Average
1 631,510 1636,5 -60 100 kHz Average
1 636,5 to 1 646,5 -60 300 kHz Average
1 646,5 to 1 666,5 -60 1 MHz Average
1 666,5 to 2 200 -60 3 MHz Average
2200 to 12 750 -60 3 MHz Peak hold

NOTE 1: In the sub-band 1 573,42 MHz to 1 580,42 MHz, the average measurement time is 20 ms.
NOTE 2: Linearly interpolated in dBW vs. frequency offset.
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Table 4: Maximum unwanted emissions within the band 1 610,0 MHz to 1 626,5 MHz
and the band 1 626,5 MHz to 1 628,5 MHz of MES operating such that the nominated bandwidth
is entirely or partially contained in the frequency band 1 618,25 MHz to 1 626,5 MHz

Carrier - on
Frequency offset (kHz) EIRP (dBW) Measurement bandwidth (kHz) Measurement
(see note 1) (see note 3) (see note 2) method
0 to 160 -35 30 Average
160 to 225 -35 to -38,5 30 Average
225 to 650 -38,5 to -45 30 Average
650 to 1 365 -45 30 Average
1365 to 1 800 -53 to -56 30 Average
1800 to 16 500 -56 30 Average

NOTE 1: Frequency offset is determined from:

i) the nearest edge of the nominated bandwidth of the nominal carrier closest to the MSS system
operating in another operational band within the band 1 610 MHz to 1 626,5 MHz. The frequency
offset is measured in the direction of the adjacent MSS system;

ii) the upper edge of the nominated bandwidth of the carrier under test for emissions within the band
1 626,5 MHz to 1 628,5 MHz.

NOTE 2: The measurement bandwidth used may be 3 kHz if the unwanted EIRP limits are reduced
correspondingly.
NOTE 3: Linearly interpolated in dBW vs. frequency offset.
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Table 4: Maximum unwanted emissions within the band 1 610,0 MHz to 1 626,5 MHz
and the band 1 626,5 MHz to 1 628,5 MHz of MES operating such that the nominated bandwidth
is entirely or partially contained in the frequency band 1 618,25 MHz to 1 626,5 MHz

Carrier - on
Frequency offset (kHz) EIRP (dBW) Measurement bandwidth (kHz) Measurement
(see note 1) (see note 3) (see note 2) method
0 to 160 -35 30 Average
160 to 225 -35 to -38,5 30 Average
225 to 650 -38,5 to -45 30 Average
650 to 1 365 -45 30 Average
1365 to 1 800 -53 to -56 30 Average
1800 to 16 500 -56 30 Average

NOTE 1: Frequency offset is determined from:

i) the nearest edge of the nominated bandwidth of the nominal carrier closest to the MSS system
operating in another operational band within the band 1 610 MHz to 1 626,5 MHz. The frequency
offset is measured in the direction of the adjacent MSS system;

ii) the upper edge of the nominated bandwidth of the carrier under test for emissions within the band
1 626,5 MHz to 1 628,5 MHz.

NOTE 2: The measurement bandwidth used may be 3 kHz if the unwanted EIRP limits are reduced
correspondingly.
NOTE 3: Linearly interpolated in dBW vs. frequency offset.
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Table 5: Maximum unwanted emissions within the band 1 610,0 MHz to 1 626,5 MHz
and the band 1626,5 MHz to 1628,5 MHz of MES operating such that the nominated bandwidth
is entirely contained in the frequency band 1 610,0 MHz to 1 618,25 MHz

Carrier - on
Frequency offset (kHz) EIRP (dBW) Measurement bandwidth (kHz) |Measurement method
(see note 1) (see note 3) (see note 2)
0to 160 -32 30 Average
160 to 2 300 -32 to -56 30 Average
2 300 to 18 500 -56 30 Average

NOTE 1: Frequency offset is determined from:
i) the nearest edge of the nominated bandwidth of the nominal carrier closest to the MSS system

operating in another operational band within the band 1 610 to 1 626,5 MHz The frequency offset is

measured in the direction of the adjacent MSS system;

ii) the upper edge of the nominated bandwidth of the carrier under test for emissions within the band

1626,5 to 1 628,5 MHz.

NOTE 2: The measurement bandwidth used may be 3 kHz if the unwanted EIRP limits are reduced

correspondingly.

NOTE 3: Linearly interpolated in dBW vs. frequency offset.
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42.8 Receiver Adjacent Channel Selectivity

4.2.8.1 Justification

To enable reception of a wanted signal in presence of other signals in the adjacent channel.

Adjacent channel selectivity is a measure of a receiver's ability to receive a signal at its assigned channel frequency in
the presence of a signal in the adjacent channel at a given frequency offset from the centre frequency of the assigned

channel.

4282 Technical requirements

The frequency offset and relative power level of the adjacent signal compared to the wanted signal shall take the values
given in table 8. The adjacent signal shall occupy the same bandwidth as the wanted signal where BW is the wanted
signal occupied bandwidth. There shall be no more than 0,5 dB degradation in the receiver signal to noise ratio under

these conditions.

Table 8: Adjacent Channel frequency and power level

Signal

Centre frequency offset
from wanted signal

Power level relative
to wanted signal

Adjacent signal

BW

12dB
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429 Receiver Blocking Characteristics

4.29.1 Justification

To prevent high power signals outside the receive frequency band from blocking the reception of signals inside the
receive frequency band.

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel
frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the
adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a
specified limit. Receiver blocking is specified for in-band signals. In-band signals are signals in the range:

BE:-10MHz to BEy +10 MHz, where BE, and BEy are the lower and upper edges of the operating band respectively.

4292 Technical requirements

The receiver performance degradation, in terms of signal to noise ratio, shall not exceed 1 dB when the unwanted signal
as specified in table 9 is present.

Table 9: Test parameters for in-band blocking characteristics

Interfering Signal In-band Frequency Range Frequency offset from wanted Level (dBm)
(MHz) carrier (MHz)
cw BEL -10 MHz to BEu +10 MHz 5 -40 (note)

NOTE: This limit was set based on current MSS terminals receiver blocking performances using CW as blocking
interferer. It is critical to note that a CW blocker does not represent a real operation interference scenario,
and that terminals will experience much more harmful interference from a broadband signal interferer such
as Long Term Evolution, compared to a CW interferer with the same power level.
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§25.216 Limits on emissions from mobile earth stations for protection of aeronautical
radionavigation-satellite service.

(a) The e.i.r.p. density of emissions from mobile earth stations placed in service on or before July 21, 2002
with assigned uplink frequencies between 1610 MHz and 1660.5 MHz shall not exceed =70 dBW/MHz,
averaged over any 2 millisecond active transmission interval, in the band 1559-1587.42 MHz. The e.i.r.p. of
discrete emissions of less than 700 Hz bandwidth generated by such stations shall not exceed -80 dBW,
averaged over any 2 millisecond active transmission interval, in that band.

(b) The e.i.r.p. density of emissions from mobile earth stations placed in service on or before July 21, 2002
with assigned uplink frequencies between 1610 MHz and 1626.5 MHz shall not exceed -64 dBW/MHz,
averaged over any 2 millisecond active transmission interval, in the band 1587.42-1605 MHz. The e.i.r.p. of
discrete emissions of less than 700 Hz bandwidth generated by such stations shall not exceed -74 dBW,
averaged over any 2 millisecond active transmission interval, in the 1587.42-1605 MHz band.

(c) The e.i.r.p. density of emissions from mobile earth stations placed in service after July 21, 2002 with
assigned uplink frequencies between 1610 MHz and 1660.5 MHz shall not exceed =70 dBW/MHz, averaged
over any 2 millisecond active transmission interval, in the band 1559-1605 MHz. The e.i.r.p. of discrete
emissions of less than 700 Hz bandwidth from such stations shall not exceed -80 dBW, averaged over any 2
millisecond active transmission interval, in the 1559-1605 MHz band.

(d) As of January 1, 2005, the e.i.r.p. density of emissions from mobile earth stations placed in service on
or before July 21, 2002 with assigned uplink frequencies between 1610 MHz and 1660.5 MHz (except
Standard A and B Inmarsat terminals used as Global Maritime Distress and Safety System ship earth stations)
shall not exceed -70dBW/MHz, averaged over any 2 millisecond active transmission interval, in the 1559-1605
MHz band. The e.i.r.p. of discrete emissions of less than 700 Hz bandwidth from such stations shall not
exceed -80 dBW, averaged over any 2 millisecond active transmission interval, in the 1559-1605 MHz band.
Standard A Inmarsat terminals used as Global Maritime Distress and Safety System ship earth stations that
do not meet the e.i.r.p. density limits specified in this paragraph may continue operation until December 31,
2007. Inmarsat-B terminals manufactured more than six months after FeperaL RecisTER publication of the rule
changes adopted in FCC 03-283 must meet these limits. Inmarsat B terminals manufactured before then are
temporarily grandfathered under the condition that no interference is caused by these terminals to
aeronautical satellite radio-navigation systems. The full-compliance deadline for grandfathered Inmarsat-B
terminals is December 31, 2012.
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