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Abstract: This contribution proposes to updates the KI#1 to cover packet out-of-Sequence problems introduced by dynamic multi-hops of ISL.
1. Introduction
If satellite backhaul involves multi-hops of ISL, the packet delivery latency may change with the handover of ISLs, which may cause packets out of order. For example, after ISLs handover, if the propagation delay of the new UP path is less, then an earlier sent packet transported by a previous backhaul link probably arrives after a later sent one.
2. Discussion
The packet out-of-sequence problem was considered by 3GPP and an optional Sequence Number in GTP-U header was defined to help preserve transmission order, this can be found in TS.29.281.
Optional fields:
-	Sequence Number: If Sequence Number field is used for G-PDUs (T-PDUs+headers), an increasing sequence number for T-PDUs is transmitted via GTP-U tunnels, when transmission order must be preserved. For Supported Extension Headers Notification and Error Indication messages, the Sequence Number shall be ignored by the receiver, even though the S flag is set to '1'.
Currently, the Sequence Number is can be used only when 5GC is aware there is change of transmission paths, i.e., transmission path handover caused by UE mobility. As transport networks on ground is relatively stable, the packet out-of-sequence problem may not exist or not be a big issue during UE mobility, and this optional Sequence Number can even never be used in terrestrial backhaul cases.
However, with introduce of dynamic satellite backhaul, transmission paths probably change without UE mobility. This handover of transmission path is caused by the transport network itself and usually is not perceived by 5GC, which will cause performance decline and user experience degradation, especially for TCP-based applications.
Thus, this contribution proposes to cover the packet out-of-Sequence problem in KI#1 and study how to resolve this problem based on the Sequence Number.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-27.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc509905225][bookmark: _Toc22286582][bookmark: _Toc23317643][bookmark: _Toc97528051][bookmark: _Toc324232211][bookmark: _Toc326248702]5	Key Issues
[bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037][bookmark: _Toc97528052]5.1	Key Issue #1: PCC/QoS control enhancement considering dynamic satellite backhaul
[bookmark: _Toc22214905][bookmark: _Toc23254038][bookmark: _Toc97528053]5.1.1	Description
Satellite based backhaul is important for remote area or mission critical scenarios, in case it is not possible to build terrestrial backhaul connections.
In Release 17, a satellite backhaul category indication was defined to indicate the satellite backhaul information in. However, this indication may not enough if the satellite backhaul involves multi-hops of ISL or backhaul connections are over different satellites and terrestrial networks. In such case, the capabilities provided by the satellite backhaul can be changed/adjusted dynamically. For example, if inter-satellite links are used on the backhaul path, the delay and bandwidth of the backhaul may be impacted due to the traffic engineering on the links. Satellite backhaul category is not enough to describe such a dynamic satellite backhaul characteristics.
To better serve UEs connecting to 5GC via a gNB with satellite backhaul, the following topics are to be studied:
-	Determination of packet delivery latency or bandwidth or both of the satellite backhaul on the UP path.
-	Policy/QoS control enhancements based on the determined packet delivery latency or bandwidth or both of the satellite backhaul on the UP path.
-	What kind of backhaul information can be exposed to the AF, and how to perform the exposure?
-	How to solve packet out-of-sequence problems introduced by dynamic satellite backhaul based on Sequence Number.
* * * * End of changes * * * *
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