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Introduction
RAN4 is currently discussing system parameters for the specification of NR NTN support for VSAT UE operation above 10 GHz, including Ka band as a reference band, for both GEO and NGSO.
One of the open points of discussion is the set of Sub-Carrier Spacings (SCS) and Channel Bandwidths supported by the spec.  In this document, we provide some proposals to include 30 kHz SCS and FR1 channel bandwidth support for NR NTN above 10 GHz.
Discussion
Typical High-Throughput Satellite (HTS) systems operating in frequency bands above 10 GHz, such as Ka band, and Ku bands, support transponder bandwidths ranging from 27 MHz up to several hundreds of MHz, or even 1+ GHz.  Some examples of typical transponder bandwidths for Ku and Ka are 27, 32, 36, 40, 54, 72, 110, 125, 220, 250, 400, 500 MHz [1][2][3][4].
Observation 1: Typical satellite transponder bandwidths for Ku and Ka band satellites are ranging from 27 MHz up to several hundreds of MHz, such as 27, 32, 36, 40, 54, 72, 110, 125, 220, 250, 400, 500 MHz.
Therefore, while very high channel bandwidths can be supported, certain transponder bandwidths require the air interface to support channel bandwidths below 50 MHz.  These however can only be supported by 5G NR with channel BW configurations currently specified for FR1.
Proposal 1: Include support for selected FR1 channel bandwidths below 50 MHz and consider support of channel bandwidths as low as 10 MHz, in order to support satellite transponder bandwidth configurations smaller than 50 MHz, at least down to 27 MHz.
In 5G NR, however, channel BWs below 50 MHz can currently only be supported by using SCS of 60 kHz and below.  
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	35
MHz
	40 MHz
	45 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135



Observation 2: Channel bandwidths below 50 MHz can currently only be supported with FR1 SCS configurations.  The support for channel bandwidths below 50 MHz is required in order to support many common NTN deployments above 10 GHz.
However, it can be noted that 60 kHz SCS provides low spectrum usage efficiency (below 90%) for channel bandwidths below 30 MHz (highlighted in yellow).
Observation 3: 60 kHz SCS provides low spectrum usage efficiency (below 90%) for channel bandwidths below 30 MHz.
The support for 30 kHz SCS would allow to efficiently support channel bandwidths below 50 MHz, such as 10 MHz and above, including irregular channel bandwidths.
A number of initial NR NTN trials in frequency bands above 10 GHz has been conducted, including with a Ka band GEO with VSAT type UE, 30 kHz SCS and channel bandwidths down to 40 MHz and below, with very promising results showing that 30 kHz SCS can be used effectively for NTN above 10 GHz, at least in GEO scenarios [5] [6] [7].
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Further NR NTN trials in Ka band are ongoing, and initial results appear to confirm that, at least for GEO channel conditions, the link can support Sub-Carrier Spacings (SCS) down to 30 kHz without significant impact to the demodulation performance, even without PTRS.  
Observation 4: Initial trial results show that at least for GEO channel conditions, the link can support Sub-Carrier Spacings (SCS) down to 30 kHz without significant impact to the demodulation performance, even without use of PTRS, and that channel bandwidths of 40 MHz or lower can be supported.
Further analysis is required, in particular to understand the applicability of lower SCS in other channel conditions, and to better characterize the impact of phase noise on the Uplink channel, however, we believe that this is an important feature to consider.  Therefore, we propose:
Proposal 2: Include support for 30 kHz and 60 kHz SCS for NR NTN above 10 GHz, including Ka band reference band (bands n510, n511, n512), at least for GEO.  
In addition, one of the main sources of inefficient spectrum utilization in a channel is the use of a large minimum guard band value.  In our preliminary analysis, we identify that for NTN above 10 GHz, a lower minimum guard band could be used, which could significantly improve spectrum usage efficiency.  It can also b observed that other satellite systems adopting OFDM waveforms adopt much smaller channel guard bands compared to current 5G NR FR2 specification [8].
Proposal 3: Consider whether lower minimum guard band values for NTN channel bandwidths above 10 GHz can be used to increase spectrum usage efficiency, at least when operating with channel bandwidths smaller than 50 MHz.
Lastly, we encourage to consider whether shorter Cyclic Prefix (CP) can be adopted for NR NTN above 10 GHz, in order to reduce the link-layer overhead and increase throughput.  The channel model at Ka band is dominated by LoS components and multipath effects are significantly less prevalent, especially with VSAT type UE, with high directionality [9].  It has been shown that existing CP-OFDM based NGSO systems make use of much shorter cyclic prefixes at high frequency bands above 10 GHz, leading to more efficient link utilization [8].
Proposal 4: Consider whether shorter Cyclic Prefix (CP) can be adopted for NR NTN above 10 GHz, to minimize link-layer overhead and maximize throughput, leveraging the low significance of multi-path effects especially with VSAT type UE with highly-directive antennas.
Conclusion
Observation 1: Typical satellite transponder bandwidths for Ku and Ka band satellites are ranging from 27 MHz up to several hundreds of MHz, such as 27, 32, 36, 40, 54, 72, 110, 125, 220, 250, 400, 500 MHz.
Proposal 1: Include support for selected FR1 channel bandwidths below 50 MHz and consider support of channel bandwidths as low as 10 MHz, in order to support satellite transponder bandwidth configurations smaller than 50 MHz, at least down to 27 MHz.
Observation 2: Channel bandwidths below 50 MHz can currently only be supported with FR1 SCS configurations.  The support for channel bandwidths below 50 MHz is required in order to support many common NTN deployments above 10 GHz.
Observation 3: 60 kHz SCS provides low spectrum usage efficiency (below 90%) for channel bandwidths below 30 MHz.
Observation 4: Initial trial results show that at least for GEO channel conditions, the link can support Sub-Carrier Spacings (SCS) down to 30 kHz without significant impact to the demodulation performance, even without use of PTRS, and that channel bandwidths of 40 MHz or lower can be supported.
Proposal 2: Include support for 30 kHz and 60 kHz SCS for NR NTN above 10 GHz, including Ka band reference band (bands n510, n511, n512), at least for GEO.  
Proposal 3: Consider whether lower minimum guard band values for NTN channel bandwidths above 10 GHz can be used to increase spectrum usage efficiency, at least when operating with channel bandwidths smaller than 50 MHz.
Proposal 4: Consider whether shorter Cyclic Prefix (CP) can be adopted for NR NTN above 10 GHz, to minimize link-layer overhead and maximize throughput, leveraging the low significance of multi-path effects especially with VSAT type UE with highly-directive antennas.
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