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1. Introduction
In [1&2], the discussion around reference points and reference model for NTN was discussed. As a clear definition of reference points and reference models is essential for not only compatibility studies but also definition of the requirements and testing aspects, this paper further elaborate the discussions on the reference model and reference points and consider applicability of possible RF requirements for either handling “Gateway + Satellite” as a repeater or alternatively as a new node-B considering requirements and also responsibility of fulfilment of requirements. In addition, based on different options of reference models for NTN system, a discussion around needed requirements and testing aspects are further discussed.
As stated in [2], there will be timing and doppler aspects of NTN would impact RRM and pends the RAN1 decision on reference points and not discussed further in this paper. In addition, possible impact around receiver demodulation performance requirements will be discussed later since depending on the choice of reference model and reference points are also influencing the requirements and consequently the intention with this paper is to focus on the RF aspects.
As stated earlier, before any detailed discussions around RF requirements, it is essential that RAN4 conclude on a reference model, reference point and testing aspects including responsibility and feasibility considering the network architecture of NTN system.

2. Discussion
As discussed in previous meeting, 3GPP RAN4 specifications are based on using a well-defined reference point for the requirement considering LTE or NR NodeB where the reference point either is referred to “antenna port” for conducted requirements or “OTA” requirements. The approach used ensures that requirements are specified in a way that both performance but also co-existence aspects are considered, and the BS specifications are agnostic and self-contained. Similar approach applies on the UE where for NR, FR1 requirements are specified as conducted while FR2 requirements are specified as OTA.
In reality, BS requirements implicitly test the performance of the different sub-systems of BS such as baseband algorithms or radio algorithm performance both when RF requirements and performance requirements are concerned. The BS “black box” reference model and reference points allows for clear and self-contained set of BS requirements where different sub-systems that are governed by 3GPP technologies and specifications considering PHY specification including the multi-antenna transmission schemes etc.
For NTN system, 3GPP has very limited insight and mandate/influence considering the gateway and satellite specifications. There are however at least two approached to accommodate the NTN system as following:
Option 1:
Handle Gateway + satellite as a repeater or possibly in later releases as a relay if non-transparent mode is introduced as in Figure 1.
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Figure 1	Option 1: NTN overview architecture and gNB and UE reference points
Option 1 provides convenient and fast way to introduce NTN system in 3GPP where a reference model and reference point maintain the independencies between current 3GPP gNB as a node and gateway/satellite. This will give the benefit that requirement responsibility and testing is clear and unambiguous where gNB and non-terrestrial are tested separately with clear responsibility of fulfilment of corresponding requirements. In addition, neither the interface between gateway and satellite nor functional partitioning between gateway and satellite including beamforming from gateway to satellite and from satellite to UE will be affected when gateway + satellite is handled as repeater. An overview of repeater requirements has been presented in [3].
Option 2 which based on RAN3 logical architecture embeds gateway + satellite + either gNB or part of gNB so called “non-NTN infrastructure with gNB functions” where neither the interface between gateway and satellite nor the interface between gateway and “gNB or non-NTN infrastructure with gNB functions” is clear or defined. It should be noted that for option 2, RAN3 states that “the logical architecture of an NTN; RAN4 aspects are out of scope”.
This logical architecture depicted in Figure 2 as a reference model from RAN4 perspective constitutes a new node-B where the corresponding RF requirements need to be specified and tested. Since the requirements apply between the UE and the new NTN node-B, all BS RF requirements shall be specified and tested as OTA.
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Figure 2	Option 2: NTN Node B logical architecture/RAN4 reference model
In case of option 2, the OTA BS RF requirements should be re-used and an overview of some important RF OTA requirements considering option 2 is further elaborated here. 
Note that all RF related requirements are tested based on elaborated declarations of power related parameters but also beams properties in the conformance specification, implying that requirements need to be fulfilled in multiple directions and beam types which is a critical aspect for testing.


Transmitter requirements
· Power related requirements:
The power related requirements consist of radiated transmit power, OTA BS output power, OTA output power dynamics covering RE dynamic range and total power dynamic range. The power related requirements are essential and are also used when defining and testing other transmitter requirements
· OTA ON/OFF transmit power:
The OTA ON/OFF transmit power applied for TDD bands and not possibly relevant for NTN assuming usage in a paired band.
· OTA transmitted signal quality:
The OTA transmitted signal quality covers OTA frequency error, modulation quality measured as EVM and TAE requirements where all requirements are applicable for possible NTN node-B.
· OTA unwanted emissions:
OTA unwanted emission requirements with regulatory nature consists of many parts which are elaborated below:
· Occupied bandwidth which is a regional requirement and should be satisfied depending on the region and satellite type.
· ACLR which aims to provide protection towards uncoordinated UE:s and is a relative requirement.
· OBUE which is also an in-band absolute requirement and have different levels and shapes pending on regional requirements or the band being in FR1 or FR2.
· Transmit spurious emission which also have a different regional definition and level considering the general requirements. 
· In many regions, the additional co-existence requirements with requirement level of ~-50 dBm protecting all other bands is mandatory in many regions e.g. Europe.
· The co-location requirements are not applicable for NTN for natural reasons.

· OTA transmit intermodulation:
The OTA transmit IM is also another regulatory requirement which applies on FR1 bands. The need for transmit IM requirement for a possible NTN node-B need further investigation.
Note that for different transmitter OTA requirements, different OTA approaches are used e.g. directional requirements as being measured in EIRP or EVM in the direction of the beam while for other requirements such as unwanted emissions, TRP is used as a metric. There are co-location based requirements such as transmit intermodulation which is another approach to consider if needed.
The transmitter requirements are tested with different waveforms so called test models where the generation of test models usually occur in the PHY related part of a node-B.

Receiver requirements
Most of OTA receiver RF requirements has a dependency to OTA sensitivity and similar to transmit requirements are based on declarations of various beam properties and are applicable for multiple directions and beam types. The OTA receiver requirements captures not only the sensitivity which is a combination of noise floor and demodulation performance (PHY part of node-B) but also cover the selectivity and linearity of the receiver and in some regions e.g. Europe has a regulatory nature. For testing receiver requirements, various FRC:s are developed in the specifications.
The important OTA receiver requirements is summarized as following:
· OTA sensitivity and reference sensitivity level:
The OTA reference sensitivity requirement is based on measuring the throughput (BLER) is a measure for coverage in UL direction but also is used for all other RF receiver requirements. It is the most essential receiver requirement based on throughput for any system. In addition, in some regions, it is a regulatory requirement.
· OTA in-band selectivity and blocking:
Is a measure of receiver selectivity and allows for certain degradation in sensitivity where an interferer is present in adjacent channel or at larger frequency offsets. This is also a regulatory requirement where the requirement is also based on throughput (BLER).
· OTA Out-of-band blocking:
OOB blocking is a measure of selectivity of receiver outside the operating band where the interferer level is expressed as field strength and in some region is used as regulatory requirement. Similar to in-band blocking, the OOB blocking requirement is based on throughput (BLER) as metric.
· OTA receiver spurious emission:
OTA receiver spurious emission is a regulatory requirement and consist of general part but also similar to transmit spurious, there are additional co-existence requirements with same level to provide protection towards other bands.
· OTA receiver intermodulation:
OTA receiver intermodulation is a measure of combined selectivity and linearity of the receiver with two interferers present. Certain degradation is allowed on reference sensitivity but the metric for this requirement is also based on throughput (BLER).
· OTA in-channel selectivity:
This requirement ensures that the receiver can receive both a very strong and another signal close to sensitivity. It’s based on throughput (BLER) measurement.

As discussed above, most of the RF receiver requirements are based on OTA reference sensitivity where the metric for fulfilment of requirement is based on throughput (BLER). In addition, the OTA receiver requirements in many cases have a regulatory nature and should be specified even if the option 2 is considered for RAN4 requirements.
Considering option 2, all transmitter and receiver requirements will be applied on the full node, on a unique reference point after the satellite as OTA would presence of all involved parts i.e. satellite, gateway and “gNB or non-NTN infrastructure with gNB functions”. If there are different providers for satellite components and gNB/”non-NTN infrastructure with gNB functions”, it would be needed to define sole responsibility to fulfill all the requirements, implying testing of satellite+gateway+gNB/”non-NTN infrastructure with gNB”  functions in an OTA chamber.
Possible aspect of OTA testing of satellite+gateway+gNB/”non-NTN infrastructure with gNB functions” in an OTA chamber with limited testing of satellite system experience in RAN4 would also require further discussion during the WI.
Considering the fact that reference model based on option 1, provide not only a clear testing and responsibility for fulfilment of requirements, and this without any mutual dependencies or test implications compared to option 2, we would propose to adopt the option 1 as reference model for NTN.


Proposal 1:
RAN4 should handle gateway + satellite as a repeater and specify needed requirements for gateway + satellite in a new NTN repeater specification.

In addition, the proposed reference model will maintain integrity of the 3GPP BS and UE RF specification and Uu while it gives full flexibility to gateway+satellite implementation without interfering with neither interfaces nor partitioning of functionality between gateway and satellite which is anyhow outside the mandate of 3GPP.
Considering the testing, as RAN4 contains significant amount of transmitter and receiver requirements covering the in-band and out-of-band, as well as some regulatory requirements, any other partitioning would result in severe difficulties in testing and some ambiguities in requirement responsibility while, with proposed reference model, not only the requirements but also testing responsibility is clear, without any mutual dependencies.

3. Conclusion
In this contribution, a brief overview of NTN system reference model and reference points based on two possible options was discussed, and a reference model based on handling of “gateway + satellite” as repeater was proposed.
The approach is simply to treat Gateway + satellite as a repeater which would allow for proper co-existence studies needed for compatibility but also not posing any restriction on any functional/performance split between gateway and satellite. In addition, this approach would eliminate the dependencies between gateway/satellite and gNB or UE and has unambiguous responsibility of fulfilling the corresponding requirements both for terrestrial and non-terrestrial part. 
The other option (option 2) embedding gateway + satellite + either gNB or part of gNB so called “non-NTN infrastructure with gNB functions, constitute a new node-B and shall be treated as such. It implies node-B type of requirements that are OTA covering transmitter and receiver and are applicable on a unique reference point after the satellite. The testing complexity and also requirement fulfilment given undefined interfaces and the need to have at least part of gNB supporting gNB functions makes this option far from being unambiguous around responsibility of fulfilment of requirements. We thus propose the following:
Proposal 1:
RAN4 should handle gateway + satellite as a repeater and specify needed requirements for gateway + satellite in a new NTN repeater specification.
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