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Abstract: Solution for in order of packet delivery with dynamic satellite backhaul links.
1. Introduction
KI#1 includes the following issue to be resolved:
- Whether and how to solve packet out-of-sequence problems introduced by dynamic satellite backhaul
This contribution proposes a solution to solve packet out-of-sequence problem introduced by dynamic satellite backhaul.
2. Discussion
When backhaul between gNB and UPF involves satellite, the inter satellite link may switch due to the satellite movement. This handover of transmission path may happen without UE mobility, 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.
The following solution is proposed to solve the packet out-of-sequence issue introduced by dynamic satellite backhaul:
For a non 5G LAN PDU session:


1. The backhaul type is indicated to SMF by AMF.
2. Based on the service requirements/type mapped to a QoS flow, if backhaul involves LEO/MEO satellite(s), the SMF decides to initiate the in-order-delivery for the QoS flow.
3. During PDU Session establishment, or during mobility/handover procedure, the SMF indicates the UPF and gNB, which are all located on ground, to enable Sequence number based in order delivery for the QoS flow:
For uplink traffic: 
· The gNB adds the GTP-U sequence number for the QoS flow according to the PDCP order of the received packets for this QoS flow.
· The UPF delivers the packets in order based on GTP-U sequence number. The UPF monitors the sequence and initiates timer to wait out of sequence packets.
For downlink traffic: 
· The UPF adds the GTP-U sequence number for the QoS flow according to packet order received from DN.
· The gNB delivers the packets in order based on GTP-U sequence number. The gNB monitors the sequence and initiates timer to wait out of sequence packets.

For a 5G LAN PDU session:


The UE1 establishes a 5G LAN PDU session which is anchored at UPF1, and uses this PDU Session to send packets to UE2 and UE3, anchored at UPF2 and UPF3. When the UE1 maps packets sent to UE2 and UE3 into the same QoS flow, the QoS flow level based in order delivery mechanism described above for a non 5G LAN PDU session will not work, since the GTP-U SN received at UPF2 and UPF3 will not be in sequence. For example, if UE1 sends the first packet to UE2, the second packet to UE3, the third packet to UE2 and the forth packet to UE3, then the UPF3 may receive two packets with #N+2 and #N+4 and UPF2 may receive two packets with #N+1 and #N+3. UPF2 cannot determine whether there is a packet with number #N+2 sent to it but lost or still on the path. UPF3 has the same issue.
In order to solve this issue, the GTP-U SN is removed over N19 tunnel. Since UPFs are located on ground, the transport links between UPFs are regarded stable. The UE1’s gNB and UPF1 guarantees the in-sequence delivery of packets between UE1’s gNB and UPF1, and UE2’s gNB and UPF2 guarantees the in-sequence delivery of packets between UE2’s gNB and UPF2.
The in order delivery mechanism described above for a non 5G LAN PDU is thus enhanced:
· The SMF indicates the UPF to remove the GTP-U SN of the packets of a 5G LAN PDU Session, before deliver it to internal interface.
· The SMF indicates the UPF to add GTP-U SN to packets received from N19 tunnel before sending to gNB.
3. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-27.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc324232213][bookmark: _Toc326248709][bookmark: _Toc22286587][bookmark: _Toc23317648][bookmark: _Toc100862623]6.X	Solution for Key Issue #1: In-sequence delivery
[bookmark: _Toc326248710][bookmark: _Toc22286588][bookmark: _Toc23317649][bookmark: _Toc100862624]6.X.1	Description
[bookmark: _Toc509873782][bookmark: _Toc509905232][bookmark: _Toc22286589][bookmark: _Toc23317650][bookmark: _Toc100862625]When backhaul between gNB and UPF involves satellite, the inter satellite link may switch due to the satellite movement. This handover of transmission path may happen without UE mobility, 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.
The following solution is proposed to solve the packet out-of-sequence issue introduced by dynamic satellite backhaul:
For a non 5G LAN PDU session:


1. The backhaul type is indicated to SMF by AMF.
2. Based on the service requirements/type mapped to a QoS flow, if backhaul involves LEO/MEO satellite(s), the SMF decides to initiate the in-order-delivery for the QoS flow.
3. During PDU Session establishment, or during mobility/handover procedure, the SMF indicates the UPF and gNB, which are all located on ground, to enable Sequence number based in order delivery for the QoS flow:
For uplink traffic: 
· The gNB adds the GTP-U sequence number for the QoS flow according to the PDCP order of the received packets for this QoS flow.
· The UPF delivers the packets in order based on GTP-U sequence number. The UPF monitors the sequence and initiates timer to wait out of sequence packets.
For downlink traffic: 
· The UPF adds the GTP-U sequence number for the QoS flow according to packet order received from DN.
· The gNB delivers the packets in order based on GTP-U sequence number. The gNB monitors the sequence and initiates timer to wait out of sequence packets.

For a 5G LAN PDU session:


The UE1 establishes a 5G LAN PDU session which is anchored at UPF1, and uses this PDU Session to send packets to UE2 and UE3, anchored at UPF2 and UPF3. When the UE1 maps packets sent to UE2 and UE3 into the same QoS flow, the QoS flow level based in order delivery mechanism described above for a non 5G LAN PDU session will not work, since the GTP-U SN received at UPF2 and UPF3 will not be in sequence. For example, if UE1 sends the first packet to UE2, the second packet to UE3, the third packet to UE2 and the forth packet to UE3, then the UPF3 may receive two packets with #N+2 and #N+4 and UPF2 may receive two packets with #N+1 and #N+3. UPF2 cannot determine whether there is a packet with number #N+2 sent to it but lost or still on the path. UPF3 has the same issue.
In order to solve this issue, the GTP-U SN is removed over N19 tunnel. Since UPFs are located on ground, the transport links between UPFs are regarded stable. The UE1’s gNB and UPF1 guarantees the in-sequence delivery of packets between UE1’s gNB and UPF1, and UE2’s gNB and UPF2 guarantees the in-sequence delivery of packets between UE2’s gNB and UPF2.
The in order delivery mechanism described above for a non 5G LAN PDU is thus enhanced:
· The SMF indicates the UPF to remove the GTP-U SN of the packets of a 5G LAN PDU Session, before deliver it to internal interface.
· The SMF indicates the UPF to add GTP-U SN to packets received from N19 tunnel before sending to gNB.
In summary:
The out-of-order problem is introduced by dynamic satellite links, thus SMF needs the satellite backhaul category information to ‘active’ the sequence number.
For 5G-LAN N19 tunnel on ground in this scenario, SMF should not ‘active’ the sequence number.
[bookmark: _GoBack]Editor’s Note: It is FSS whether N19 over satellite links (i.e., GEO inter-satellite links) has the problem of out-of-order and needs a solution.
6.X.2	Void
[bookmark: _Toc326248711][bookmark: _Toc22286590]
[bookmark: _Toc23317651][bookmark: _Toc100862626]6.X.3	Impacts on services, entities and interfaces
gNB:
-	Support SN based in-sequence delivery. 
SMF:
-	Support enabling SN based in-sequence delivery. For 5G LAN, SMF indicates UPF to remove SN when transferring packets via N19 tunnel, and add SN before sending via N3 tunnel.
UPF:
-	Support SN based in-sequence delivery. 
-	For 5G LAN case, remove GTP-U SN when transferring packets over N19.
* * * * End of changes * * * *
3GPP
SA WG2 TD

image2.emf
UE gNB UPF

DN

AMF

SMF


Microsoft_Visio___1.vsdx
UE
gNB
UPF
DN
AMF
SMF



image3.emf
UE1 gNB UPF2

DN

UPF1

UE3

UE2

N19

UPF3

N19

gNB

gNB


Microsoft_Visio___2.vsdx
UE1
gNB
UPF2
DN
UPF1
UE3
UE2
N19
UPF3
N19
gNB
gNB



Microsoft_Visio___3.vsdx
UE
gNB
UPF
DN
AMF
SMF



Microsoft_Visio___4.vsdx
UE1
gNB
UPF2
DN
UPF1
UE3
UE2
N19
UPF3
N19
gNB
gNB



