


3GPP TSG-SA WG2 Meeting #143-e 	S2-2100430
February 24 – March 9, 2021, Elbonia	 

Source:	Thales, TNO, ESA, SES, Eutelsat, Avanti, Intelsat, Sateliot, Hughes Network systems, Reliance Jio, Inmarsat, Unibo, DLR, Gatehouse SatCom A/S, ICS, Airbus, Catapult, Novamint, Leonardo, STMicroelectronics, SnT - University of Luxembourg, CTTC, ETRI, ST ENGINEERING IDIRECT (IRELAND) LIMITED.
Title:	Discussion on ‘QoS with satellite backhaul’
Document for:	Approval
[bookmark: _GoBack]Agenda Item:	8.11
Work Item / Release:	5GSAT_Arch / Rel-17
Abstract of the contribution: This contribution proposes a way forward in the standardization of the ‘QoS’ with satellite backhaul. A basic set of scenarios and topics are proposed to be addressed within Rel-17. The remaining scenarios and further enhancements related to ‘QoS’ with satellite backhaul are proposed to be studied and defined in a subsequent release.  
1 Introduction
‘QoS’ with satellite backhaul is identified as one of the Key Issues in the ‘Study on architecture aspects for using satellite access in 5G’ (3GPP TR 23.737). The use of 3GPP or non 3GPP defined satellite transport networks for the provisioning of 5G backhauling (transport of the NG protocol between the gNB and 5GC) typically introduces latency greater than what is experienced with “terrestrial” backhaul. To mitigate this higher delay some adaptation of QoS related aspects are required, in particular Packet Delay Budget (PDB) of the 5G System (5GS) architecture. 
This contribution proposes for the support of satellite backhaul, to:
· Define as part of Rel-17, the necessary QoS adaptations.
· Study and define the necessary enhancements in Release 18.
This two steps approach takes into account: 
a. assumptions made in 3GPP TR 23.737 that Rel-17 focuses on satellite systems based on transparent satellites; 
b. S2-2009096/R3-207060 stating that satellite backhauling is out of scope of the on-going RAN2 led Rel-17 NR-NTN-solutions Work Item.  
2 Discussion
The aim of this discussion is to identify a basic set of backhauling over satellite scenarios that facilitate the definition of ‘QoS with satellite backhaul’ solutions in Rel-17. 
GEO satellites are located above a fixed point on Earth. In contrast, NGSO satellites move with respect to a reference point on Earth and hence provide connectivity of limited duration to a geographical area. Therefore, as soon as one NGSO satellite leaves a specific geographical area another NGSO satellite is to take over in provisioning of connectivity in order to ensure seamless delivery of uninterrupted services. This approach requires sophisticated management and coordination of an NGSO satellite constellation. 
One should distinguish between:
· Quasi-constant transit delay satellite transport networks: Here, any change in service/feeder links to the 5G NG protocol is masked through implementation of appropriate procedures by a satellite operator. The satellite transport networks (GEO or NGSO based) are capable of providing uninterrupted N2/N3 connectivity with a quasi-constant latency. 
· Variable transit delay satellite transport networks: Such networks may require additional enhancements to mitigate possible dynamic changes in network nodes and variable latency.
· Multiple transit delay hybrid transport networks (including at least one satellite network): Each network component features a specific latency which can be exploited to improve the overall QoS performance.
Note: Transit delay refers to the delay between the ingress and the egress points of the transport network. Quasi-constant transit delay accounts for latency variations that are of the same order of typical jitter on an IP line (clause 7.1.1 in TR 38.821 lists delay variations for different configurations). 

	

S1: gNB connects to 5GC via a GEO satellite.
	
 
S2: gNB connects to 5GC via a single NGSO satellite without ISLs.
	
 
S3: gNB connects to 5GC via several NGSO satellites through ISLs.

	
 
S4: gNB connects to 5GC with hybrid backhauls (e.g. GEO satellite and NGSO satellite)
	
 
S5: gNB connects to 5GC with hybrid backhauls (e.g. satellite and terrestrial backhaul)
	
 
S6: gNB on-board connects to 5GC via hybrid ISL connections (GEO and/or NGSO satellites)


Figure 1: Scenarios for 5G with satellite backhaul (inspired by scenarios proposed by CATT)
Typically, backhaul scenarios based on quasi-constant transit delay satellite transport networks (GEO or NGSO based) and hence able to provide uninterrupted N2/N3 connectivity with a fixed latency, should be considered for Rel-17 normative work. In this case current 5G system architecture specified in 23.501 can support satellite backhaul with minor adaptations on the QoS definition (e.g. possibly larger PDBs and/or network timers’ extension to mitigate the higher delay). Backhaul scenarios with the above mentioned satellite transport network characteristics may refer to S1 and S2 shown in figure 1. Scenario S5 could also be considered in Rel-17 as long as it complies to the overall ‘quasi-constant transit delay’ requirement (e.g. a hybrid satellite-satellite or satellite-terrestrial link act as a single transport network masking the combination of the two links aligning the delay to the worst case path). 
Proposal 1: As part of Rel-17, consider satellite transport network, for 5G backhaul, characterised by quasi-constant transit delay and masking service/feeder link changes.
Proposal 2: In Rel-17, define the necessary adaptations to 5G QoS class (e.g. extended PDB and/or 5G network protocol timers) to account for the higher latency of satellite transport networks, for 5G backhaul.
Backhaul scenarios based on variable transit delay satellite transport network with/without variable number of exposed network nodes will require further study on the required enhancements and hence should be considered for study and normative works beyond Rel-17. Backhaul scenarios with the above mentioned satellite transport network characteristics may refer to S3 as shown in figure 1.
Backhaul scenarios based on multiple transit delay hybrid transport network (i.e. combining satellite with terrestrial transport networks or GEO and/or NGSO based transport networks) may feature delay differentiation between the different paths. Further performance improvements may be needed to exploit this latency discrepancy between the different paths and hence should be considered for study and normative works beyond Rel-17. Backhaul scenarios with the above mentioned hybrid transport network characteristics may refer to S4, S5 and S6 as shown in figure 1.
Proposal 3: In Rel-18, study and define the needed enhancements for 5G system to support 5G backhaul with satellite transport networks which feature variable transit delay and/or variable number of network nodes exposed to 5GC or with hybrid transport networks (combining satellite with terrestrial transport networks or GEO and/or NGSO based transport networks) that feature latency discrepancy between the different paths.
3 Proposals
It is proposed to endorse the following proposals and take them into account in the on-going work item”5GSAT_ARCH”:
Proposal 1: As part of Rel-17, consider satellite transport network, for 5G backhaul, characterised by quasi-constant transit delay and masking service/feeder link changes.
Proposal 2: In Rel-17, define the necessary adaptations to 5G QoS class (e.g. extended PDB and/or 5G network protocol timers) to account for the higher latency of satellite transport networks, for 5G backhaul.
Proposal 3: In Rel-18, study and define the needed enhancements for 5G system to support 5G backhaul with satellite transport networks which feature variable transit delay and/or variable number of network nodes exposed to 5GC or with hybrid transport networks (combining satellite with terrestrial transport networks or GEO and/or NGSO based transport networks) that feature a latency discrepancy between the different paths.
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