[bookmark: historyclause]3GPP TSG RAN WG4 Meeting #110		R4-2400152
Athens, Greece, February 26 – March 1st, 2023	

Agenda item:	6.2.1.1.2
Source:	Apple, Ligado Networks, Inmarsat, Viasat, Globalstar, Thales, Hughes/Echostar
Title:	Enhanced channel raster for NTN FR1 bands
WI/SI:	NR_channel_raster_enh
Release:	Rel-18
Document for:	Decision

1	Introduction 
During Rel-16 and Rel-17 discussions, several operators expressed an interest in enabling more efficient utilization of "non-standard" channel bandwidths, i.e., the ones which are not present now in TS 38.101 specifications. As an outcome a new SI was agreed at the RAN#89 meeting aiming to study further which existing solutions can be used and whether new mechanism should be devised [1]. The SI was concluded at RAN#99 meeting with the general conclusions that two methods – overlapping channels from network perspective and the next larger channel – can be used to support irregular channels without requiring changes at the UE side. In addition to that, companies concluded that the existing channel raster design is not flexible and does not allow configuring certain NR channel combinations. In response to that RAN#99 agree a new WI with the only main objective to enable a more flexible raster design [2].  
While most of the previous discussions for the irregular channels and flexible channel raster were conducted in the context of the TN bands, the same problem exists also for the NTN bands. In fact, this issue was already raised earlier during the SI on efficient usage of irregular spectrum blocks. During RAN4#106bis the following contribution was submitted to RAN WG4 [3], based on which it was concluded that TN channel raster enhancements will be also applicable to NTN [4]. And during the RAN4#108bis it was concluded to proceed with 10kHz as the enhanced channel raster for both TN and NTN bands. 
As per the current version of the TS 38.101-5 specification, the enhanced channel raster of 10kHz is already enabled for the FR1 NTN bands but is not mandated. In fact, none of the FR1 terrestrial or satellite bands were mandated to have the flexible raster during the RAN4#109 meeting and this discussion was deferred for the maintenance phase. Nevertheless, it was concluded that the enhanced channel raster can be considered as mandatory feature for the given band based on the operator request. Thus, in this discussion paper we present our further considerations on making the enhanced channel raster as a mandatory feature for the NTN bands n254, n255 and n256.


2	Channel raster enhancements for the NTN bands 
Most of the existing FR1 NTN bands are "irregular" in a sense that their size is not aligned on the 5MHz boundary. As can be seen from the Table 2-1 below, only the satellite S-band, n256, is aligned on the 5MHz boundary. On the contrary to it, neither L-band (n255) nor L-/S-band (n254) are aligned on 5MHz. Furthermore, the so-called "extended" L-band size is also irregular occupying the 7MHz spectrum block. In other words, even if the L-band and the extended L-band are treated as one band, its total size is still irregular taking the 41MHz spectrum block.
Table 2-1: Summary of the NTN bands
	Satellite band
	3GPP band
	Band size (MHz)

	L-band
	n255
	34
	41

	Extended L-band
	[n253]
	7
	

	L-/S-band
	n254
	16.5

	S-band
	n256
	30



As concluded in TR 38.849, there are several methods that can be used to support irregular channels, one of which is overlapping channels from the network perspective. This approach is based on configuring two overlapping cells such that they form a contiguous set of RBs allowing the network to schedule data over all RBs. However, if the network configures both overlapping channels on the 100kHz raster time ensuring that the cells are RB aligned, then the least common multiplier between these requirements is 900kHz, i.e. 5RBs. For certain irregular channels it results in sub-optimal utilisation of available spectrum resources. In the Table 2-2 below we present the summary of potential gains that can be achieved for the irregular NTN spectrum blocks if a more flexible 10kHz channel raster is applied also for the NTN bands. For the sake of reference, we present how many RBs can be scheduled when both overlapping cells are on the 100kHz raster and when at least one of the cells can be on the 10kHz raster. As can be seen from the table, for almost all the irregular channels we can gain at least one extra RB; and for 16.5MHz and 34MHz channel we can gain even more than one RB.
Table 2-2: Summary of available RBs for overlapping channels in the irregular spectrum blocks.
	Irregular channel (MHz)
	Next smaller channel (MHz)
	Minimum guard band (kHz)
	100kHz raster 
	non-100kHz raster

	
	
	
	N_RB
	Guard band (kHz)
	Utilisation (%)
	N_RB
	Guard band (kHz)
	Utilisation (%)

	7
	5
	242.5
	35
	342.5
	90
	36
	252.5
	92.6

	16.5
	15
	382.5
	84
	682.5
	91.6
	87
	412.5
	94.9

	34
	30
	592.5
	180
	792.5
	95.3
	182
	612.5
	96.4

	41
	40
	552.5
	221
	602.5
	97
	221
	602.5
	97




Thus, enhanced channel raster of 10kHz will enable more flexible NTN deployments allowing even better spectrum utilisation comparing to the legacy 100kHz channel raster. There are two Rel-17 NTN bands – n255 and n256 – and one Rel-18 NTN band n254. To avoid a situation having legacy UEs supporting only 100kHz raster, which would implicitly require the NTN operators to provide the default configuration aligned with the 100kHz raster, we suggest making the 10kHz raster as a mandatory feature for all NTN bands.
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3	Conclusions
In this discussion paper we elaborated further on the benefits of applying enhanced channel raster of 10kHz for the NTN FR1 bands. Following the agreements from the RAN4#108bis meeting, this discussion paper presents the operator request to enable the enhanced channel raster of 10kHz as a mandatory feature for the NTN bands n254, n255 and n256. 
Proposal:	Enable the 10kHz raster as a mandatory feature for the NTN bands n254, n255 and n256.
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