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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands:
	4.1.2	NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g., K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.




In this contribution we present further considerations for the introduction of NTN deployment in above 10 GHz bands. 
[bookmark: _Toc116995842]Discussion
During RAN4 #106, a Way-Forward agreed for system parameters were agreed [2]. This discussion takes as starting point the listed issues:
1. Band definition(s)
2. Frequency range relation
3. SCS
4. Power classes (Deployment Scenarios)
5. Protection and Additional protection requirements
6. NTN UE satellite beam tracking
Band definition
At RAN4#106 it was agreed to work on the following bands:
Table 2.1-1: NTN satellite bands in FR2-NTN
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n5121
	27500 MHz – 30000 MHz
	17300 MHz – 20200 MHz
	FDD

	n5112
	28350 MHz – 30000 MHz
	17300 MHz – 20200 MHz
	FDD

	n5103
	27500 MHz – 28350 MHz
	17300 MHz – 20200 MHz
	FDD

	NOTE: 	FR2-NTN satellite bands are numbered in descending order from n512
NOTE 1: 	This band is applicable in the countries subject to CEPT ECC Decision(05)01 and ECC Decision (13)01.
NOTE 2: 	This band is applicable in the USA subject to FCC 47 CFR part 25.
NOTE 3: 	This band is applicable for Earth Station operations in the USA subject to FCC 47 CFR part 25. FCC rules currently do not include ESIM operations in this band (47 CFR 25.202).



The three bands presented in Table 2.1-1 are all dependent on regional and/or country specific regulatory requirements as provided in the corresponding notes. The bands are covering the so-called harmonized Ka-band according to the provided regulatory requirements. As a result, it can be deducted that current coverage of the bands presented in Table 2.1-1 are limited to the specified regions/countries. 
[bookmark: _Toc132016620][bookmark: _Hlk130981306]All the currently agreed new NTN bands above 10 GHz correspond to regulations only defined for a specific region/country.
As discussed in previous meeting it is expected that further NTN bands above 10 GHz will be added at a later stage of the specification development. It shall be noted that for additional bands to be added a new work-item or modifications to an existing have to be agreed by RAN. The prerequisite for any new band to be treated by RAN4 is that regulations for the intended region/country of deployment are available and presented to RAN4. 
[bookmark: _Toc132016621]The prerequisite for any new band to be treated by RAN4 is that regulations for the intended region/country of deployment are available and presented to RAN4.
It can be noted that request for new bands to be defined by RAN4 normally is operator driven. Where operator in this relation can be both of terrestrial and non-terrestrial networks.
Frequency range relation
At RAN4#106 multiple suggestions for how to capture the frequency range relation for NTN bands above 10 GHz were presented. The main issue with progress on this is that there are clear agreements as captured in the WID that:
 “Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region”. 
From this it is not possible to modify existing NR FR1 nor FR2 to cover the now proposed NTN bands since these are extending beyond the NR frequency ranges as shown from TS 38.101-2 in Table 5.1-1 below.  
TS 38.101-2 Table 5.1-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2-1
	24250 MHz – 52600 MHz

	
	FR2-2
	52600 MHz – 71000 MHz



[bookmark: _Toc132016622]The new NTN bands above 10 GHz at least partly falls outside of the frequency ranges defined for NR. 
In past meeting it has been recognized that at least the currently proposed NTN bands above 10 GHz (i.e. n512, n511 and n510) shall inherit most, if not all, applicable physical layer parameters from NR FR2. However, it is, as mentioned, not possible to extend the NR FR2 range downwards to also include these NTN bands.
[bookmark: _Toc132016623]It is per RAN agreement not possible to extend the NR FR2 range downwards to also include the NTN bands.
[bookmark: _Toc132016624]RAN4 shall not, at least in Rel-18, consider extending the NR FR2 range downwards to also include the NTN bands above 10 GHz nor modify NR FR1.
In the RAN4 RF NTN specifications TS 38.101-5 and TS 38.108 Table 5.1-1 specifies the current frequency range for NTN bands.
TS 38101-5 Table 5.1-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz



Since NTN in the RAN4 RF specification have been separated out to TS 38.101-5 for the NTN UE requirements and TS 38.108 for the Satellite Access Node (SAN) it is possible to separate the NR frequency ranges from the NTN frequency ranges.
[bookmark: _Toc132016625]It is possible to separate the NR frequency ranges from the NTN frequency ranges.
[bookmark: _Toc132016626]RAN4 shall, at least in Rel-18, separate the frequency range(s) covering NTN bands above 10 GHz from those of NR.
A proposal for capturing the NTN frequency ranges in TS 38.101-5 and TS 38.108 Table 5.1-1 is show below (with changes highlighted): 
Proposed Table 5.1-1: Definition of NTN frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1-NTN1
	410 MHz – 7125 MHz

	FR2-NTN2
	17300 MHz – 30000 MHz

	NOTE 1: 	NTN bands within this frequency range can be regarded as a FR1 band when references from other specifications.
NOTE 2: 	NTN bands within this frequency range can be regarded as a FR2 band when references from other specifications.



From the Proposed Table 5.1-1 it can be noted that the two NTN frequency ranges with notes are indicated to belong to the two existing frequency ranges from the perspective of other specifications. By this is meant that RAN1 and RAN2 normally only consider a band as belonging to one of these two groups. Therefore, as a starting point any NTN band defined in the ranges is mapped to this division.
Another benefit of introducing the specific NTN frequency range for FR2-NTN is that all of the currently proposed NTN bands above 10 GHz (i.e. n512, n511 and n510) are to be operating as FDD while all bands currently defined in NR FR2 are operating as TDD. Therefor the frequency range separation offers a possibility to only consider the currently missing FDD requirements in the reduced frequency range of FR2-NTN instead of the entire NR FR2 range.   
[bookmark: _Toc132016627]Agree the definition of NTN frequency ranges as shown in the Proposed Table 5.1-1 to be introduced to TS 38.101-5 and TS 38.108.
Sub-Carrier Spacing (SCS)
[bookmark: _Hlk130994570]During RAN4 #106, the Way-Forward agreed for system parameters [2] states that further progress on the SCS definition for NTN operation above 10 GHz shall wait progress on the feasibility evaluation from the RRM point of view.
As a result, Nokia have provided further discussion on the SCS in [3].  
Power classes (Deployment Scenarios)
At RAN4 #106 and previous meetings UE type and deployment scenarios have been discussed related to NTN operation above 10 GHz. In specific Earth Stations In Motion (ESIM) and Very-Small-Aperture Terminal (VSAT) are the two main types discussed. 
Currently in NR FR2 UE specification as given by TS 38.101-2 there are the assumptions on UE types as listed in TS 38.101-2 Table 6.2.1.0-1 below: 
TS 38.101-2 Table 6.2.1.0-1: Assumption of UE Types 
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE

	Note: RedCap variants of non-RedCap UEs are not precluded



For VSAT type devices the understanding is that the typical devices antenna ranges from 75 cm to 1.2 m in aperture and to are of the dish antenna type. This type of device is understood to be stationary and can to some extend be compared to a NR FR2 fixed-wireless-access (FWA) device.
[bookmark: _Toc132016628]VSAT type devices could be compared to a NR FR2 fixed-wireless-access (FWA) device.
For ESIM type of devices a sub-division is already considered by the co-existence study, as captured in the WF [6], to Land, Aeronautical or Maritime ESIMs. The three types have different properties but can to some extend be compared to a NR FR2 Vehicular UE. 
[bookmark: _Toc132016629]VSAT type devices could be compared to a NR FR2 Vehicular UE.
From the WID it is noted that the ESIMs also are referred to as a “mobile VSAT”, indicating that the assumptions for a VSAT of typical antenna assumptions also can be applied for the EISM. In other words, the antenna assumptions make it difficult to envision a handheld device similar to that of a e.g. a smartphone.
[bookmark: _Toc132016630]ESIM is also in the WID referred to as a “mobile VSAT”.
[bookmark: _Toc132016631]None of the in the WID targeted UE types for an NTN band above 10 GHz is assumed to be a handheld device.
[bookmark: _Toc132016632]RAN4 shall confirm that at least in Rel-18 handheld FR2-NTN UEs are out of scope.
Following the main differentiator between the two listed UE types in the WID and the description in the previous the key aspect is the mobility capability. From that notion at least two different NTN UE typed for operation above 10GHz needs to be defined as:
1. Fixed FR2-NTN UE
2. Mobile FR2-NTN UE
These two types of FR2-NTN UEs can be differentiated via power-class similar to the types listed in TS 38.101-2 Table 6.2.1.0-1: Assumption of UE Types and have individual attributes.
[bookmark: _Toc132016633]FR2-NTN UEs shall be separated into Fixed and Mobile types
It can then be further discussed if the Mobile FR2-NTN UEs need to be sub-divided corresponding to the three types being Land, Aeronautical or Maritime ESIMs. This may be needed due to potential allowed maximum out-put-power based on the outcome of the ongoing co-existence study.
For the Fixed FR2-NTN UEs the specification progress may be more straight forwards as the mobility aspect can be neglected while it is needed address for the Mobile FR2-NTN UEs. 
Protection and Additional protection requirements
[bookmark: _Hlk131015142]A key concept for a NR UE ensuring conformance to Protection and Additional protection requirements is founded in the Network Signalling (NS). The terrestrial network informs the UE via the NS which set of requirements given in the TS to follow to conform in the specific network. The concept of NS is also already included for NTN operation as a method for indicating applicable A-MPR as found in e.g. clause 6.2.3 of 38.101-5. However, since the UE location is not currently coupled by the network to the UE and potentially relevant NS, conformance cannot be guaranteed, why NS concept from terrestrial network can’t always be directly reused.
[bookmark: _Toc132016634]Relaying on the current Network Signalling (NS) framework for a NTN UE is not enough to ensure conformance to Protection and Additional protection requirements.
Currently some UEs may use location information to ensure conformance to requirements for a specific area/region. Since a NTN UE per RAN1 design shall be location aware the 3D location information can be a potential mechanism for the NTN UE to ensure conformance.
Another mechanism to ensure conformance to Protection and Additional protection requirements is avoidance of e.g. specific spectrum and/or the possibility to terminate transmissions based on either UE or Network reporting. The UE reporting can be location, transmission orientation, detected available terrestrial networks etc. and the BS reporting can be allowed operational band based on location and other elements now covered under the NS framework. The decision to avoid/terminate transmissions can be triggered both by the network and the UE. Currently the UEs choice to avoid/terminate transmissions to ensure conformance is not specified. It would be beneficial for RAN4 to investigate if some occasions of this UE autonomous behavior need to be specified. 
[bookmark: _Toc132016635]RAN4 shall discuss how the Network Signalling (NS) framework can be extended to cover the needed aspects for NTN operation and if UE autonomous behavior needs to be specified.
NTN UE satellite beam tracking
During RAN4 #106, the Way-Forward agreed for UE RF [4] states that RAN4 shall discuss whether and how to define the requirements for beam tracking for a NTN UE operating operation above 10 GHz.
As a result, Nokia have provided further discussion on UE satellite beam tracking in [5].  
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: All the currently agreed new NTN bands above 10 GHz correspond to regulations only defined for a specific region/country.
Observation 2: The prerequisite for any new band to be treated by RAN4 is that regulations for the intended region/country of deployment are available and presented to RAN4.
Observation 3: The new NTN bands above 10 GHz at least partly falls outside of the frequency ranges defined for NR.
Observation 4: It is per RAN agreement not possible to extend the NR FR2 range downwards to also include the NTN bands.
Proposal 1: RAN4 shall not, at least in Rel-18, consider extending the NR FR2 range downwards to also include the NTN bands above 10 GHz nor modify NR FR1.
Observation 5: It is possible to separate the NR frequency ranges from the NTN frequency ranges.
Proposal 2: RAN4 shall, at least in Rel-18, separate the frequency range(s) covering NTN bands above 10 GHz from those of NR.
Proposal 3: Agree the definition of NTN frequency ranges as shown in the Proposed Table 5.1-1 to be introduced to TS 38.101-5 and TS 38.108.
Observation 6: VSAT type devices could be compared to a NR FR2 fixed-wireless-access (FWA) device.
Observation 7: VSAT type devices could be compared to a NR FR2 Vehicular UE.
Observation 8: ESIM is also in the WID referred to as a “mobile VSAT”.
Observation 9: None of the in the WID targeted UE types for an NTN band above 10 GHz is assumed to be a handheld device.
Proposal 4: RAN4 shall confirm that at least in Rel-18 handheld FR2-NTN UEs are out of scope.
Proposal 5: FR2-NTN UEs shall be separated into Fixed and Mobile types
Observation 10: Relaying on the current Network Signalling (NS) framework for a NTN UE is not enough to ensure conformance to Protection and Additional protection requirements.
Proposal 6: RAN4 shall discuss how the Network Signalling (NS) framework can be extended to cover the needed aspects for NTN operation and if UE autonomous behavior needs to be specified.
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