[bookmark: Title][bookmark: DocumentFor][bookmark: page1]3GPP TSG-RAN WG4 Meeting #110-bis                                               R4- 2405082 
Changsha, China, April 15 –19, 2024

Source:		Nokia
Title:	SAN RF requirements
Agenda item:		9.15.3	
Document for:	Discussion
1. Introduction
In this contribution we discuss the necessary changes to 38.108 due to New WID: Non-Terrestrial Networks (NTN) for NR Phase 3 [1]. The new WID states the five objectives, which are related to supporting for additional satellite payload parameters, uplink Capacity/throughput enhancement, signaling of the intended service area of a broadcast service, regenerative payload, and supporting RedCap UEs. In this paper, we’d like to share our views about the three following objectives 1, 2 and 3 as listed below: 

	1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


2. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

4. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.





2. Discussion 
2.1 Views on Objectives 1 and 2
The discussion in RAN4 is for some aspects dependent on progress in RAN1 lead NTN NR WI which may impact the RF requirements of SAN in Rel-19.
Based on the typical scenario of a non-terrestrial network in 38.821 Solutions for NR to support non-terrestrial networks (NTN) [2] in Figure 1, the current standards of UEs and SAN, i.e., 38.101-5, 38.108, have completed the RF requirements for the service link for both FR1-NTN and FR2-NTN bands. The current UE/SAN RF parameters are still considered to be sufficient to establish the communications between UEs and GSO/NGSO satellites. 



[bookmark: _Ref163248670][bookmark: _Ref163248665]Figure 1 Non-terrestrial network typical scenario based on transparent payload [2]

In the new WID of NTN NR phase 3, the first two objectives, i.e., supporting for additional satellite payload parameters, uplink Capacity/throughput enhancement, are mainly higher than RF layer parameters definitions and link level and system level simulations. Currently, it is not clear for RAN4 which UE RF requirements need to be changed concerning the first and second objectives of the new WID. 
Observation 1: The current UE/SAN RF parameters are still considered to be sufficient to establish the communications between UEs and GSO/NGSO satellites. It is not clear for RAN4 which UE RF requirements need to be changed concerning the first and second objectives of the new WID.
Additionally, at RAN#103 it was decided to extend the Rel-18 WI on NR_NTN_enh. Due to missing core requirements related to FR2-NTN as captured in [3]. That means that even the bigCR for the RF core requirements for TS 38.101-5 we agreed in [4] at RAN4#110 both FR1-NTN and FR2-NTN are now include in TS 38.101-5 v18.5.0 the core requirements are incomplete.
Given the still missing core requirements for the Rel-18 work-item it is suggested that RAN4 focuses on completing these and waits until RAN1 have progressed further for objective 1 and 2 until RAN4 start working on related core requirements.
Proposal 1: RAN4 waits for further progress on RAN1 work items to identify the RF requirement enhancements needed for NR NTN phase 3 for objectives 1 and 2.
2.2 Views on Objectives 4
Objective four is related to the support of regenerative payload. In order to support the regenerative payload on the satellites, there will be a structure shift from transparent-payload satellite to regenerative satellite between gNB in satellite and NTN Gateway. The satellite radio interface (SRI) interface will be redefined as in Figure 2. 


[bookmark: _Ref163253538]Figure 2 Regenerative satellite without ISL, gNB processed payload [2]
The logical architecture split of CU and DU is not inevitable as shown in Figure 3.


[bookmark: _Ref163253665]Figure 3 NG-RAN protocol architecture for regenerative satellite (gNB-DU on board): User Plane [2]
How the data will be packed and transmitted through the SRI interface needs to be carefully considered. There can be two options that the data through the SRI interface will be an NR data stream or can be packed as a transparent data stream as we currently do. This poses a question: 
Is there any impact on the core RF requirements for the SRI interface to transmit those two types of data streams? 
Even this question is related to core RF requirements which is in the RAN4 domain it will not be possible to answer completely before RAN1 have made agreements related to this.
Observation 2: It is clear that the SRI interface of the feeder link will be different from the current RF SRI interface for the regenerated satellites. However, the RF requirements may be impacted and need to be redefined based on a solid conclusion from RAN1. 
Proposal 2: Check with RAN1 how to split the CU-DU between the satellites and the NTN gateway. The corresponding SRI interface may be impacted based on the RAN1 progress.

3. Conclusions
In this contribution, we make the following observations and conclusions:
Observation 1: The current UE/SAN RF parameters are still considered to be sufficient to establish the communications between UEs and GSO/NGSO satellites. It is not clear for RAN4 which UE RF requirements need to be changed concerning the first and second objectives of the new WID.
Proposal 1: RAN4 waits for further progress on RAN1 work items to identify the RF requirement enhancements needed for NR NTN phase 3 for objectives 1 and 2.
Observation 2: It is clear that the SRI interface of the feeder link will be different from the current RF SRI interface for the regenerated satellites. However, the RF requirements may be impacted and need to be redefined based on a solid conclusion from RAN1. 
Proposal 2: Check with RAN1 how to split the CU-DU between the satellites and the NTN gateway. The corresponding SRI interface may be impacted based on the RAN1 progress.
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