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Introduction
During RAN4 #98e, companies reached the following agreements, which are reflected R4-2103877 (WF for NTN general part):RAN4#98-e Agreements:
· RAN4 shall define the corresponding RF requirements for service link between UE and satellite 
· From service link RF requirements aspect, candidate options for the components:
· Option 1: Satellite + feeder link + NTN-Gateway as a single entity 
· Option 2: Satellite + feeder link + NTN-Gateway + gNB as a single entity 
· FFS whether RAN4 shall define RF requirements for the linkage between NTN-Gateway and gNB
· Companies are encouraged to further clarify and discuss the assumption of the linkage between NTN-Gateway and gNB


According to R4-2103948 (Email discussion summary for [98e][310] NTN_Solutions_Part1) and R4-2103877 (WF for NTN general part) it has been decided to further discuss these topics in 98-bis-e, on the RAN4 RF list.
In parallel, RAN3#111-e agreed some architecture principles in the draft stage 2 Baseline CR (see R3-211344) which RAN4 may take into considerations.
The goal of this document is therefore to clarify the assumptions to be used by NTN RAN4 work with respect to NTN architecture by selecting the appropriate candidate option and address the remaining issue “FFS whether RAN4 shall define RF requirements for the linkage between NTN-Gateway and gNB. Companies are encouraged to further clarify and discuss the assumption of the linkage between NTN-Gateway and gNB.”


Discussion
2.1 Applicability of Relay or Repeater to NTN architecture
During previous RAN4 meetings #97e and #98e, it has been discussed many times to consider the entity Satellite + feeder link + NTN-Gateway as a Relay or a Repeater, and to follow classic process to specify such entity.
It is important to mention that satellite network infrastructure is in general composed of several system sub-components: transparent payload, feeder link, GW. The requirements that apply to the satellite network infrastructure results from a performance allocation trade-off between these multiple sub-components, which are not specified one by one. Moreover, according to NTN RAN3 agreements, NTN-Gateway is a transport node and should not be specified/is out of scope of 3GPP in Rel-17.
With respect to the Relay architecture (i.e. Satellite + feeder link + NTN-Gateway considered as a Relay), the Relay architecture considers a Mobile Termination (MT) connecting to the donor gNB. However, in the case of NTN in Rel-17 it would not be possible to specify such MT for several reasons. First, RAN3 already decided not have specification impact on NTN GW, mainly because the NTN GW is implementation dependent, and therefore introducing a MT on the NTN GW is not an agreeable solution. Secondly, introducing a MT on the NTN GW can introduce non-deterministic latency, and NTN synchronization process based on UE using GNSS may be sensitive to non-deterministic latency. More precisely, the MT termination on the NTN GW will have to connect with the donor gNB, and different procedures such as the initial access, resource allocation and others may provide non-deterministic latency, which might affect service link performance.
Proposal 1: RAN4 should not consider (Satellite + feeder link + NTN-Gateway) as a NR Relay.
With respect to the Repeater architecture (i.e. Satellite + feeder link + NTN-Gateway considered as a Repeater), there are similar difficulties but for different reasons. Currently RAN4 has decided not to provide any RRM requirements in Rel-17 for the Repeater specifications. For this reason, it would be difficult to qualify timing errors when considering Satellite + feeder link + NTN-Gateway as a NR Repeater, knowing that the UE might be very sensitive to timing errors, especially for higher SCS.RAN4#98-e Agreements:
· In addition, the following agreements regarding overall work were captured in the chairman meeting minutes:
· RRM is out of scope based on current WID.
…
· Fixed antenna gain and pattern is assumed

Therefore, it seems difficult to provide RRM specifications and non-deterministic UE timing compensation for the service link in NTN, and therefore to reuse NR Repeater specifications in Rel-17. Moreover, at least for the case of Earth fixed beam, NTN should assume steering antenna pattern (i.e. not fixed) at the satellite side, and the maximum transmission power may also not be sufficient with respect to existent (LTE) Repeater maximum power specifications.
Finally yet importantly, the wireless connection between NTN-GW and gNB may also have additional RRM impacts.
Proposal 2: RAN4 should not consider (Satellite + feeder link + NTN-Gateway) as a NR Repeater.
However, at least for the service link (RF requirements at satellite payload), the NTN RF requirements at satellite payload may not exactly follow a BS specification (TS 38.104) as it could probably consider more relaxed parameters (e.g. lower ACLR, ACS values) as with respect to TN. From this point of view, the service link requirements may be similar to the ones of a repeater (e.g. TS 36.106-like), but only on the service link.
As also discussed in R4-2103749 and R4-2103948 (Email discussion summary for [98e][310] NTN_Solutions_Part1):
Proposal 3: The interface between the NTN-GW and the Non-RF gNB functions is neither radiated nor conducted RF carrier.

2.2 Proposed architecture for NTN
Some architecture principles in the draft stage 2 Baseline CR (see R3-211344) have been agreed at RAN3#111-e. In line with these principles, the following figure has been provided to illustrate an example implementation of a Non-Terrestrial Network within an NG-RAN infrastructure for transparent NTN payload:


Figure B-1: NTN based NG-RAN
From the above, the following observations can be made:
Observation 1: The NTN-Payload, feeder link and NTN-Gateway forms a single entity called the “NTN Service link provisioning system”.
Observation 2: The gNB encompasses both the “NTN Service link provisioning system” and the “non NTN infrastructure gNB functions”.
Observation 3: The linkage between the “NTN Service link provisioning system” and the “non NTN infrastructure gNB functions” is not defined by RAN3.
RAN#91-e agreed (see Proposal NTN-2.2 of RP-210791) that RAN4 develop new TS capturing the radio transmission and reception requirements for Satellite node. The meaning of “satellite node” is subject to architecture discussion, and therefore should be referred to “NTN-payload” as described in RAN3 architecture.
The NTN-payload shall meet necessary radio transmission and reception requirements allowing interfacing with the UE, and is assumed that the feeder link and the NTN gateway are implementation specific. Moreover, during RAN4 #98e it has been already agreed that RAN4 shall define the radio transmission and reception requirements for the NTN payload on the service link.RAN4#98-e Agreements:
· RAN4 shall define the corresponding RF requirements for service link between UE and satellite 



Taking into account this further decision, we further propose RAN4 to develop new TS capturing the radio transmission and reception requirements for the NTN-Payload. 

Proposal 4: RAN4 to develop new TS capturing the radio transmission and reception requirements for the NTN-Payload.
It is very common in satellite network infrastructure to implement the linkage between modems and the RF front-end including antennas with wired technology such as optical fibre in order to allow more flexibility in the deployment of both respective entities.
Observation 4: The linkage between NTN-Gateway and modems is expected to be typically implemented with a wired connection (not necessarily RF).
In a possible implementation, this linkage may correspond to the fronthaul interface between gNB-DU and RRH or RU supported by wire-line connection (e.g. Optical fibre, Ethernet cable, RF cable, etc.). Therefore, the following is proposed:
Proposal 5: The definition of RF requirements for the linkage between NTN-Gateway and gNB should be optional and therefore can be deprioritised.

2.3 Considerations on REFSENSE in NTN context
How to consider NTN GW REFSENS values are implementation dependent and should not be specified. However, when interconnecting the NTN GW with gNB, the NTN GW shall assume existent gNB specifications for the gNB side. Existent specifications may consider existent REFSENS gNB values, and the NTN GW REFSENS can consider for example an extra margin with a higher sensitivity (e.g. NTN GW REFSENS=gNB REFSENS - NTN GW NF) depending on e.g. NTN GW implementation, the considered frequency carrier for the feederlink and BW size.
Proposal 6: RAN4 can consider (when required) current gNB specifications for parameters such as REFSENS.
Proposal 7: Specific NTN GW parameters/requirements (e.g. NTN GW REFSENS) are implementation dependent and will be adapted according to existent gNB specification.
Proposal 8: If required, RAN4 can reuse in Rel-17 current gNB hypotheses for the ground gNB component in NTN, as described by the technical specification TS 38.104.

Conclusions
Proposal 1: RAN4 should not consider (Satellite + feeder link + NTN-Gateway) as a NR Relay.
Proposal 2: RAN4 should not consider (Satellite + feeder link + NTN-Gateway) as a NR Repeater.
Proposal 3: The interface between the NTN-GW and the Non-RF gNB functions is neither radiated nor conducted RF carrier.
Observation 1: The NTN-Payload, feeder link and NTN-Gateway forms a single entity called the “NTN Service link provisioning system”.
Observation 2: The gNB encompasses both the “NTN Service link provisioning system” and the “non NTN infrastructure gNB functions”.
Observation 3: The linkage between the “NTN Service link provisioning system” and the “non NTN infrastructure gNB functions” is not defined by RAN3.
Proposal 4: RAN4 to develop new TS capturing the radio transmission and reception requirements for the NTN-Payload.

Observation 4: The linkage between NTN-Gateway and modems is expected to be typically implemented with a wired connection (not necessarily RF).

Proposal 5: The definition of RF requirements for the linkage between NTN-Gateway and gNB should be optional and therefore can be deprioritised.
Proposal 6: RAN4 can consider (when required) current gNB specifications for parameters such as REFSENS.
Proposal 7: Specific NTN GW parameters/requirements (e.g. NTN GW REFSENS) are implementation dependent and will be adapted according to existent gNB specification.
Proposal 8: If required, RAN4 can reuse in Rel-17 current gNB hypotheses for the ground gNB component in NTN, as described by the technical specification TS 38.104.
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