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1 Introduction
In this contribution we provide initial discussion on the SAN RF requirements for the NB-IoT in NTN IoT work item.
2 Discussion
2.1 	NTN IoT scenarios and SAN classes
The following SAN classes for NR NTN were defined in the recently approved TS 38.108 [4]: 
	[bookmark: _Hlk487019015]The requirements in this specification apply to Satellite Access Node unless otherwise stated. The associated deployment scenarios are exactly the same for SAN with and without connectors.
For SAN type 1-O and SAN type 1-H, two SAN classes (LEO and GEO) are currently defined in Table 4.4-1.
Table 4.4-1 SAN classes
	SAN Class
	Satellite Constellation

	GEO class
	GEO satellite

	LEO class
	LEO 600 km satellite
LEO 1200 km satellite






Due to the NTN deployment costs, we see benefit in aligning the NTN IoT with the NR NTN, as much as possible. From the NTN deployment point of view, the same set of aligned scenarios and SAN classes may allow the Rel-17 NR NTN to be potentially deployed together with the NTN IoT (release independent from Rel-17). 
The Core part of the NR NTN Rel-17 work item has been already completed last meeting. Therefore for the NTN specifications consistency and alignment the following is proposed: 
Proposal 1: consider the NTN NR terminology captured in TS 38.108, as the baseline for the NTN IoT work and TS 36.108/36.181 skeletons, where possible.
Proposal 2: reuse the already defined set of NR NTN SAN classes (i.e. GEO, LEO600, LEO1200) for NTN IoT WI. 
2.2 	SAN architecture
Referring to the NTN NR, SAN type 1-H and SAN type 1-O were defined as follows:
SAN type 1-H: 	Satellite Access Node operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB.
SAN type 1-O: 	Satellite Access Node operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB.
SAN type 1-H and SAN type 1-O architectures are presented below based on TS 38.108: 
	SAN type 1-H
For SAN type 1-H, the requirements are defined for two points of reference, signified by radiated requirements and conducted requirements.
[image: ]
Figure 4.3.1-1: Radiated and conducted reference points for SAN type 1-H

	[bookmark: _Toc104310958][bookmark: _Toc106126658][bookmark: _Toc106176971]4.3.2	SAN type 1-O
For SAN type 1-O, the radiated characteristics are defined over the air (OTA), where the operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for each requirement.
[bookmark: _Hlk500328328][image: ]
Figure 4.3.2-1: Radiated reference points for SAN type 1-O 



Both these SAN types are based on the AAS architecture. 
Please note, that the SAN type 1-C was not defined for NR NTN. It was motivated by the practical deployment aspects (antenna size, lack of ability to improve pathloss by non-AAS product as opposed to the AAS antenna array gains, etc.). In our view, the same logic applies also to the NTN IoT. 
Observation: SAN type 1-C was NOT defined for NR NTN. 
Proposal 3: For NTN IoT, consider SAN type 1-H and SAN type 1-O as the baseline. 
In case of interest from other companies, the necessity for the SAN type 1-C for NTN IoT may be revisited. 
2.3 	SAN RF requirements
The WID [1] text clearly requires to re-use the already existing framework as well as the NB-IoT/eMTC requirements, as well as NR NTN requirements defined in Rel-17:
	The specification work of this WI shall:
· Re-use the framework and requirements from NB-IoT/eMTC, as well as NR NTN requirements, where applicable. 



With the above, the following building blocks shall be considered as inputs for the TS 36.108 requirements drafting: 
· TS 36.104 as the baseline for conducted SAN RF requirements for the NB-IoT/eMTC requirements. It shall be noted, that some of the requirements were defined as NB-IoT specific, while others are generic.
· TS 38.108 as the baseline for the NTN-specific SAN RF requirements. Below we reuse the applicability of minimum SAN RF requirements from TS 38.108, section 4.6: 

	[bookmark: _Toc104310961][bookmark: _Toc106126661][bookmark: _Toc106176974]4.6	Applicability of minimum requirements
In table 4.6-1, the requirement applicability for each requirement set is defined. For each requirement, the applicable requirement clause in the specification is identified. Requirements not included in a requirement set is marked not applicable (NA).
Table 4.6-1: Requirement set applicability
	Requirement
	Requirement set

	
	SAN type 1-H
	SAN type 1-O

	Satellite Access Network output power
	6.2
	

	Output power dynamics 
	6.3
	

	Transmit ON/OFF power 
	NA
	

	Frequency error
	6.5.1
	

	Modulation quality
	6.5.2
	

	Time alignment error
	NA
	

	Occupied bandwidth
	6.6.2
	

	ACLR
	6.6.3
	

	Operating band unwanted emissions
	6.6.4
	

	Transmitter spurious emissions
	6.6.5
	

	Transmitter intermodulation 
	NA
	NA

	Reference sensitivity level
	7.2
	

	Dynamic range 
	7.3
	

	ACS 
	7.4.1
	

	In-band blocking 
	NA
	

	Out-of-band blocking 
	7.5
	

	Receiver spurious emissions 
	7.6
	

	Receiver intermodulation
	NA
	

	In-channel selectivity 
	7.8
	

	Performance requirements
	8
	

	Radiated transmit power
	9.2
	9.2

	OTA Satellite Access Network output power
	
	9.3

	OTA output power dynamics
	
	9.4

	OTA transmit ON/OFF power
	
	NA

	OTA frequency error
	
	9.6.1

	OTA modulation quality
	
	9.6.2

	OTA time alignment error
	
	NA

	OTA occupied bandwidth
	
	9.7.2

	OTA ACLR
	NA
	9.7.3

	OTA out-of-band emission
	
	9.7.4

	OTA transmitter spurious emission 
	
	9.7.5

	OTA transmitter intermodulation 
	
	NA

	OTA sensitivity
	10.2
	10.2

	OTA reference sensitivity level
	
	10.3

	OTA dynamic range
	
	10.4

	OTA ACS
	
	10.5.1

	OTA in-band blocking
	
	NA

	OTA out-of-band blocking
	NA
	10.6

	OTA receiver spurious emission 
	
	10.7

	OTA receiver intermodulation
	
	NA

	OTA in-channel selectivity
	
	10.9

	Radiated performance requirements
	
	11


NOTE: 	Co-location requirements are not applicable to SAN. 



Observation: for NR NTN, selected conducted requirements were decided not to be applicable to the NTN scenario, i.e. Transmit ON/OFF power, Time alignment error, TX/RX intermodulation. The same exclusion applied to their OTA versions. 
Proposal 4:  reuse the NR NTN requirements set (based on TS 38.108, section 4.6) as the starting point for NTN IoT requirements drafting, by excluding the following RF requirements from consideration for NTN IoT: 
· Conducted: Transmit ON/OFF power, Time alignment error, TX IMD, RX IMD. 
· Radiated: OTA transmit ON/OFF power, OTA time alignment error, OTA TX IMD, OTA RX IMD.

For the conducted SAN RF requirements, reuse from TS 36.104 can be applied. 
Proposal 5: for the NB-IoT requirements derivation for NTN, consider the following as baseline references:
· TR 36.802 as baseline for NB-IoT aspects, 
· TR 38.863 as baseline for NTN aspects. 

Referring to the technical justification of the NB-IoT requirements for BS in TR 36.802, one can notice that NB-IoT requirements were introduce for both E-UTRA BS spec (36.104), as well as the MSR BS spec (TS 37.104).
Table 1: Analysis for the NTN IoT requirements derivation
	RF requirement
	NB-IoT requirement 
(TS 36.104)
	NB-IoT requirement (TS 37.104)
	NR NTN requirement sets (38.108, section 4.6)
	NTN IoT requirements analysis and proposals

	
	Non-AAS BS, single RAT
	Non-AAS, MSR
	SAN type 1-H
	SAN type 1-O
	SAN type 1-H

	SAN type 1-O 


	Output power
	applicable
	Applicable, declaration based
	applicable
	not applicable
	Reuse from 36.104/37.104; declaration based
	not applicable

	RE power control dynamic range
	
	Refers 36.104
	applicable
	
	Reuse from 36.104/37.104; 
Set of considered modulations scheme may be revisited
	

	Total power dynamic range
	
	
	applicable
	
	Reuse from 36.104/37.104
	

	Transmit ON/OFF power 
	
	not applicable, as only for TDD
	not applicable
	
	not applicable in NTN scenario, as only for TDD
	

	Frequency error
	
	Refers 36.104
	applicable
	
	Reuse from 36.104/37.104
	

	Modulation quality
	
	Refers 36.104; QPSK and 16QAM only
	applicable
	
	Reuse from 36.104/37.104; 
Set of considered modulations scheme may be revisited
	

	Time alignment error
	
	Refers 36.104; applicable to NB-IoT transmissions with TX diversity
	not applicable
	
	not applicable in NTN scenario
	

	DL RS power
	
	Refers 36.104
	not applicable
	
	DL RS power was E-UTRA specific. To be discussed for NTN IoT
	

	Occupied bandwidth
	
	Same as 36.104, i.e. 200kHz
	applicable
	
	Reuse from 36.104/37.104
	

	ACLR
	
	Same as 36.104; two-step ACLR defined
	applicable
	
	To be discussed for NTN IoT; related to co-ex studies; 
follow NTN and separate for GEO and LEO
	

	OBUE
	
	SA NB-IoT reusing existing MSR limits
	applicable
	
	ITU recommendation SM.1541-6 to be followed, as in NR NTN
	

	TX spurious emissions
	
	NB-IoT reusing existing limits
	applicable
	
	Follow ITU-R recommendation SM.329; consider 4 kHz measurement bandwidth as per ITU recommendation SM.1541-6
Protection of the own SAN RX to be defined as well.
	

	TX IMD 
	
	NB-IoT reusing existing limits
	not applicable
	
	not applicable in NTN scenario
	

	Reference sensitivity level
	
	Refers 36.104
	applicable
	
	Refsens to be recalculated for LEO and GEO (based on equation from 36.802, section 7.2.1):
PREFSENS = -174+10*log10(BW) + NF + IM + SNR 
 NTN IoT Noise Figure value to be recalculated; refer to 38.863 section 7.3.3.2.1 for the NR NTN values of the NF.
IM value of 2 dB can be reused (same as for NR NTN and for NB-IoT). 
FRC as well as the related SNR requirements to be reused from 36.104
	

	Dynamic range 
	
	Refers 36.104
	applicable
	
	TR38.863: 
“For SAN it was agreed to define a single dynamic range requirement for LEO SAN (both 600 and 1200) based on the IoT value of 15 dB. Based on the collected simulation results for NTN scenarios, it was decided not to define dynamic rage requirement for SAN GEO class“
It is proposed to follow the same argumentation for IoT NTN. 
Reuse the wanted and interferer signal level derivation from TR 36.802, section 7.2.2, considering the NTN IoT values for NF.  
	

	ACS 
	
	
	applicable
	
	To be discussed for NTN IoT; related to co-ex studies; 

	

	In-band blocking 
	
	Same as  36.104
	not applicable
	
	not applicable in NTN scenario
	

	Out-of-band blocking 
	
	Same as  36.104
	applicable
	
	Follow worst case scenarios identified in 38.863 for NR NTN, as baseline.
	

	Receiver spurious emissions 
	
	Same as 36.104; general requirement applicable
	applicable
	
	Follow SM.329 and framework in NR NTN
	

	Receiver intermodulation
	
	Same as in 36.104; 
FRC referred from TS36.104
	not applicable
	
	not applicable in NTN scenario
	

	In-channel selectivity 
	Not defined for NB-IoT SA
	Refers 36.104
	applicable
	
	Not needed as no requirement for NB-IoT SA in TS36.104. 

Otherwise: 
Refer to TR 36.802 section 7.3.2 for the Pwanted derivation. 
The interferer signal type for NTN scenario may require discussion. Different for GEO and LEO. 
FRC and SNR to be reused from 36.104
	

	Performance requirements
	NB-IoT specific requirements applicable
	Refers 36.104
	applicable
	
	Perf part of WI
	

	Radiated transmit power
	not applicable
	not applicable
	applicable
	applicable
	Directional requirement; same approach as for NR NTN: declaration based, for extreme conditions testing follow NR NTN decision.

	OTA output power
	
	
	not applicable
	applicable
	not applicable for SAN type 1-H
	[bookmark: _GoBack]TRP requirement; same approach as for NR NTN: declaration based

	OTA RE power control dynamic range
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted requirement for SAN type 1-H

	OTA total power dynamic range
	
	
	
	applicable
	not applicable for SAN type 1-H
	

	OTA transmit ON/OFF power
	
	
	
	not applicable
	not applicable in NTN scenario
	not applicable in NTN scenario

	OTA frequency error
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as for NB-IoT, as well as NTN NR, 0.05ppm over 1ms

	OTA modulation quality
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted requirement for SAN type 1-H

	OTA TAE
	
	
	
	not applicable
	not applicable in NTN scenario
	not applicable in NTN scenario

	OTA DL RS power
	
	
	
	not applicable
	not applicable for SAN type 1-H
	Align with the decision on conducted requirement on DL RS power for SAN type 1-H

	OTA occupied bandwidth
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as for NB-IoT, as well as NTN NR

	OTA ACLR
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted requirement for SAN type 1-H

	OTA out-of-band emission
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted OBUE requirement for SAN type 1-H

	OTA TX spurious emission 
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted requirement for SAN type 1-H

	OTA TX IMD 
	
	
	
	not applicable
	not applicable in NTN scenario
	not applicable in NTN scenario

	OTA sensitivity
	
	
	applicable
	applicable
	Declared EIS level, follow approach for NR NTN

	OTA reference sensitivity level
	
	
	not applicable
	applicable
	not applicable for SAN type 1-H
	Conducted Refsens to be offset by ΔOTAREFSENS; separate for GEO and LEO

	OTA dynamic range
	
	
	
	applicable
	not applicable for SAN type 1-H
	Conducted dynamic range to be offset by ΔOTAREFSENS

	OTA ACS
	
	
	
	applicable
	not applicable for SAN type 1-H
	Conducted ACS to be offset by ΔminSENS, separate for LEO and GEO

	OTA in-band blocking
	
	
	
	not applicable
	not applicable in NTN scenario
	not applicable in NTN scenario

	OTA out-of-band blocking
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same approach as for NTN NR

	OTA RX spurious emission 
	
	
	
	applicable
	not applicable for SAN type 1-H
	Same as conducted requirement for SAN type 1-H; Follow SM.329 and framework in NR NTN

	OTA receiver intermodulation
	
	
	
	not applicable
	not applicable in NTN scenario
	not applicable in NTN scenario

	OTA in-channel selectivity
	
	
	
	applicable
	not applicable for SAN type 1-H
	Conducted ICS to be offset by ΔminSENS

	Radiated performance requirements
	
	
	
	applicable
	Perf part of WI
	Perf part of WI



Proposal 6: Consider the NTN IoT requirements for SAN type 1-H and SAN type 1-O proposals captured in Table 1 as baseline for further discussion. 
3 Conclusions 
Based on the above discussion, the following proposals were formulated: 

Proposal 1: consider the NTN NR terminology captured in TS 38.108, as the baseline for the NTN IoT work and TS 36.108/36.181 skeletons, where possible.
Proposal 2: reuse the already defined set of NR NTN SAN classes (i.e. GEO, LEO600, LEO1200) for NTN IoT WI. 
Proposal 3: For NTN IoT, consider SAN type 1-H and SAN type 1-O as the baseline. 
Proposal 4:  reuse the NR NTN requirements set (based on TS 38.108, section 4.6) as the starting point for NTN IoT requirements drafting, by excluding the following RF requirements from consideration for NTN IoT: 
· Conducted: Transmit ON/OFF power, Time alignment error, TX IMD, RX IMD. 
· Radiated: OTA transmit ON/OFF power, OTA time alignment error, OTA TX IMD, OTA RX IMD

Proposal 5: for the NB-IoT requirements derivation for NTN, consider the following as baseline references:
· TR 36.802 as baseline for NB-IoT aspects, 
· TR 38.863 as baseline for NTN aspects. 

Proposal 6: Consider the NTN IoT requirements for SAN type 1-H and SAN type 1-O proposals captured in Table 1 as baseline for further discussion. 
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