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This contribution proposes to analyse the requirements brought by satellite backhaul.
1 Discussion

It is well known that satellites can provide mobile broadband access to end users even in some area without terrestrial network coverage, e.g. desert or ocean. Thus 3GPP has studied the integration of satellite access into 5GS since Rel 16. Current study in SA1 mainly focuses on the requirements on supporting satellite access in 5GS, but doesn’t fully consider the requirements of supporting satellite as backhaul. However, the fact is that lots of terrestrial network operators will not deploy satellite based NG-RAN node but are willing to rent transport services provided by satellites. So it is worthwhile to discuss whether there are additional requirements to support satellite as backhaul, which are not covered by current TS 22.261.
Let’s consider the following use cases of using satellite as backhaul, then we can discuss possible requirements observed from them.
1. Selection of satellite backhaul

Considering a moving NG-RAN node or non-3GPP node on a ship, aircraft or vehicle, which supports both terrestrial backhaul and non-terrestrial backhaul, when it moves across a city, it may establish a backhaul connection via a terrestrial wireless link, and then switch UP paths from non-terrestrial backhaul to terrestrial backhaul; oppositely, if the node moves into the remote or sparsely inhabited region, it may need to establish a backhaul connection via a satellite link, similarly, the node needs to switch the UP connections towards 5GC from terrestrial backhaul to non-terrestrial backhaul.
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Observation 1: for an AN node which supports both terrestrial backhaul and non-terrestrial backhaul, the AN node may need to select a suitable backhaul connection and then switch the user plane path.
Since the terrestrial network operator has to pay for the use of satellite link, in some business models, e.g. for some NG-RAN nodes or non-3GPP nodes serving specific users, like an enterprise user, the operator may require customized charge to the users. In this case, the operator needs to make a statistics on the data traffic transmitted over satellite backhaul.
Observation 2: for some specific charging purposes, e.g. an AN node using satellite backhaul to serve enterprise users, the operator may have to make a statistics on the data traffic transmitted over non-terrestrial backhaul.
2. Backhaul connections over multiple satellite links
When a NG-RAN node or non-3GPP RAN node connects to 5GC via LEO satellite link, due to the movement of LEO satellites, the satellite providing backhaul link will dynamically change. if only one satellite link can be used at the same time, then the NG-RAN node or non-3GPP RAN node will be subject to transport layer service interruption (from T1 to T2) and packet loss as shown below, which has significant impacts to the QoE of users connecting to this NG-RAN node or non-3GPP RAN node.  
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To avoid this service interruption and packet loss in this case, the NG-RAN node or non-3GPP node shall be able to support multiple satellite links as backhaul connections. 
Observation 3: in case the backhaul connection for an AN node is switching from non-terrestrial link to another, there may be service interruption and packet loss if the AN node doesn’t keep the connection over the old non-terrestrial link. 
3. Backhaul capacity 
In the terrestrial network, a 5G AN node can provide UL 100Mbps and DL 1Gbps data rate for a UE, whereas if the AN node connects to the 5GC via non-terrestrial backhaul, e.g. satellite backhaul, it may only have 100Mbps backhaul connection. Then it cause problems for the AN node to schedule radio resource for the UE, e.g. UL data rate for a UE may exceed the backhaul bandwidth.
Observation 4: the bandwidth of a non-terrestrial backhaul may be mismatched with the radio data rate supported by the AN node.
Moreover, in current 5G system, there is a case that, if the data rate for a UE can not be guaranteed, the AN node may tear down the UP connection. However, when an AN node connects to the 5GC via non-terrestrial backhaul, e.g. satellite backhaul, the capacity of its backhaul connection may not be promised, e.g, the AN node may get bandwidth100Mbps from satellite A for the backhaul connection, but when it moves into the coverage of satellite B, it may only get 50Mbps from satellite B according to the available capability in the satellite B. On another aspect, for an AN node of which the backhaul connection is over several ISLs, the lowest bandwidth of the ISL will be the bottleneck of the backhaul capacity. In order to avoid interrupting user data transmission, it shall be possible to let the 5GC know the capacity limitation of the backhaul connection and then to derive suitable QoS paramters.
Observation 5: the bandwidth of a backhaul connection over non-terrestrial link is limited, and may change dynamically, which has impact on the enforcement of 5G QoS parameters.
4. Latency introduced by backhaul 
In the terrestrial 5G network, the backhaul connections are mostly over optical fiber or short distance wireless connection, which have negligible latency. However, if non-terrestrial backhaul is in use, e.g. satellite, there would be quite a long packet delivery latency, which then has impact to the service support.
The following figure gives a detailed information of satellites on different orbits. 
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it is observed from the table that, if a backhaul link over GEO satellite is used to connect an NG-RAN node on the ground to the 5GC, then there will be more than 200ms (gNB to satellite + satellite to ground GW) latency between gNB and 5GC. Obviously, quite a few services can not be supported by this NG-RAN node, e.g. IMS voice service which requires packet delivery latency lower than 100ms.
On the other hand, for LEO satellites, if inter-satellite link is used to support the backhaul connection between AN node and 5GC, there is a possibility that the latency introduced by the satellite backhaul is higher than the delay budget supposed by some services. Let’s take LEO satellites on the orbit of which altitude is 800km as an example (shown below). The circumference of the orbit is 2*(*( 6372+800)km = 45040.16km, the speed of laser is 300000km/s, then without considering the process delay on LEO satellites, the latency of transmitting data along halfway of the orbit is more than 75ms. Considering the latency from gNB to LEO satellite and the latency from LEO satellite to ground GW, the latency introduced by the backhaul connection will be more than 75+11+11=97ms in the worst case. 
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Let’s still consider IMS voice service, which has packet delay budget = 100ms, it is found that this service can not be supported in some cases. 
Based on the above analysis, the 5G system shall be able to be aware of the latency introduced by the satellite backhaul, and then selects/determines suitable 5QI/QoS parameters.
Observation 6: the latency of a backhaul connection over non-terrestrial link is too long to support some specific service, and the latency may change dynamically.
2 Proposals
Based on observations, we propose to include following requirements to enable the integration of non-terrestrial backhaul.
Based on the observation 1, it is proposed that 
Requirement 1: The 5G system shall be able to support a fixed or moving NG-RAN node or non-3GPP RAN node to select backhaul connections considering the availability of the backhaul, etc..

Based on the observation 1 and 3, it is proposed that 
Requirement 2: The 5G system shall be able to support a fixed or moving NG-RAN node or non-3GPP RAN node to simultaneously establish multiple/redundant terrestrial/non-terrestrial backhaul connections to minimize service disruptions.

Based on the observation 2, it is proposed that 
Requirement 3: The 5G system shall support charging for a particular NG-RAN or non-3GPP node (e.g. home Node B) using non-terrestrial backhaul.

Based on the observation 4, it is proposed that 
Requirement 4: The 5G system shall harmonize the usage of radio resource and backhaul bandwidth for a fixed or moving NG-RAN node or non-3GPP RAN node when a non-terrestrial backhaul is in use.

Based on the observation 5, it is proposed that 
Requirement 5: The 5G system shall be able to be aware of the bandwidth change of non-terrestrial backhaul.

Based on the observation 6, it is proposed that 
Requirement 6: The 5G system shall be able to be aware of the packet delivery latency change over non-terrestrial backhaul.

Based on the observation 5 and 6, it is proposed that 
Requirement 7: The 5G system shall support a mechanism to select suitable 5QI/QoS parameters, e.g. for IMS voice/video, based on the awareness of packet delivery latency and backhaul bandwidth.
Requirement 8: The 5G system shall be able to adjust policy decision and QoS parameters based on the awareness of packet delivery latency and backhaul bandwidth.

It is proposed to include the above requirements into the TS 22.261.
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