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Abstract of the contribution: This contribution proposes the solution for supporting UE-satellite-UE communication. 
1 Proposal
It is proposed to add the following candidate solution to TR 23.700-29.
******************** 1st Change ********************
6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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******************** 2nd Change ********************
6.X
Solution #X: UE-Satellite-UE Communication via UPFs onboard the satellites
6.X.1
Description
This solution corresponds to KI#3 Support of UE-satellite-UE communication.

Assumptions of the solution:

-
gNB and UPF are the necessary nodes to be deployed on the satellites.
-
During the call setup procedure, the IMS system will determine to use UE-Satellite-UE communication. The media plane node of the IMS system, i.e., IMS AGW is deployed on the ground, which means the media between MO UE and MT UE will bypass the IMS AGW. 

-
Both MO UE and MT UE are served by the same PLMN.
-
Both MO UE and MT UE are service by the same SMF.
6.x.1.1
Reference Architecture

The examples of network architecture are listed in the Annex C. For this solution, gNBs and UPFs are deployed on the satellites, and the diagram is shown in the Figure 6.X.1-1.
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Figure 6.X.1-1 : Network architecture
UE1 and UE2 can be served by a same satellite or different satellites. In this figure, the two UEs are served by Satellite 1 and Satellite 2 respectively. The two serving satellites are connected with ISL.

The signalling of the UEs is transferred to/from the ground 5GC and IMS networks via the nodes, i.e. gNBs and UPFs, on the satellite. Once UE-Satellite-UE (UE-SAT-UE) communication is used, the user plane traffic between the UE1 and UE2 will be routed by the satellites only without going through the ground networks.
6.x.1.2
Identifying UEs applicable for UE-Satellite-UE Communication
During the call setup procedure, the IMS system is able to trigger the UE-SAT-UE communication based on NR satellite access type, UE codec capabilities, operator policy and UE's subscription data. The subscription data may be Cx/Dx data which is validated by S-CSCF, or Sh data validated by AS.

Once the IMS system determines to use UE-SAT-UE communication, P-CSCF should notify 5GC system during the dedicated QoS flow creation or update procedures by indicating IP addresses of MO UE and MT UE.
6.x.1.3
UL CL/BP/local PSA UPF selection for UE-Satellite-UE Communication
To enable UE-satellite-UE communication using NGSO satellite constellation, UL CL/BP/local PSA UPF located on the satellite needs to be selected to establish PDU Session for each involved UE.
The MO UE and MT UE may select two different UPFs as UL CL/BP/local PSA UPF respectively which deployed on different satellites. In this case, ISL is used for traffic between the two satellites.
The gNB and UPF can be deployed on different satellite, as depict in figure 6.x.1-2:
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Figure 6.x.1-2: UE-satellite-UE communication with gNB and UPF on board

The satellites in the same constellation can be deployed into several groups. Each group has a satellite with UPF on board which can provide connections to several other satellites with gNB on-board through ISL. Each group can be depicted by a satellite association information which can be preconfigured at SMF. The satellite association information indicates the relationship of gNB on-board satellite ID, UPF on-board satellite ID and DNAI that can be accessed through the UPF. For example, the satellite constellation can be deployed into two groups. One is {satellite 1-1/gNB, satellite 1-2/gNB, satellite 1-3/UPF, DNAI-1, DNAI-2}, which means gNB on satellite 1-1, 1-2 can connect to the UPF on satellite 1-3 through ISL and DNAI-1, DNAI-2 can be accessed via the UPF. Another is {satellite 2-1/gNB, satellite 2-2/gNB, satellite 2-3/UPF, DNAI-1}, which means gNB on satellite 2-1, 2-2 can connect to the UPF on satellite 2-3 through ISL and DNAI-1 can be accessed via the UPF. 
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Figure 6.x.1-3: Satellite Group Association
The UL CL/BP/local PSA UPF selection can be based on satellite association information. The SMF performs UL CL/BP/local PSA UPF selection and insertion during PDU session establishment procedure or PDU session modification procedure based on gNB on-board Satellite ID provided by the AMF, which includes:

-
Based on configuration, the AMF may determine gNB on-board satellite ID serving the UE and send it to the SMF.

-
The SMF determines DNAI, UPF on-board satellite ID based on the gNB on-board satellite ID, satellite association information, DNN provided by UE.

-
The SMF selects UL CL/BP/local PSA based on the DNAI corresponding to UPF on-board satellite ID.

6.X.2
Procedures
6.x.2.1
UE-satellite-UE communication procedure in IMS system 

Figure 6.X.2-1 depicts the signaling flows of the solution.
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Figure 6.X.2.1-1 : UE-SAT-UE communication procedure in IMS system
In this figure, P-CSCF1, S-CSCF and AS1 are the serving IMS nodes of UE1, and UE2's serving nodes are P-CSCF2, S-CSCF2 and AS2. Other nodes like I-CSCF and HSS are not shown for clarity purpose. The two UEs may be served by same nodes.

1.
UE1 starts a call by sending SIP Invite message.

2.
The SIP Invite message is transferred to S-CSCF1 and AS1 by P-CSCF1. P-CSCF1 shall include the UE1's SDP information (e.g., IP, port, codecs) in the SIP message.

3.
(Optional) S-CSCF1 verifies UE1's subscription data to check if the UE-SAT-UE communication is allowed. If the UE-SAT-UE communication is subscribed, it means that UE's media traffic is allowed to be delivered to the remote UE without going through the IMS AGW. Then S-CSCF adds an UE-SAT-UE communication indication in the SIP message.


The subscription data may also be verified by AS. In this case, the subscription information (i.e., UE-SAT-UE communication) is contained in the transparent subscription data and handled by AS1.

4.
The SIP Invite message is routed to terminating nodes S-CSCF2 and AS2. The UE-SAT-UE communication indication and UE1's SDP information received in Step 2 are included.

5.
(Optional) The S-CSCF2 and AS2 may also make the verification of the subscription data for UE-SAT-UE communication. 

6.
If the S-CSCF2 and AS2 also support the UE-SAT-UE communication service, the S-CSCF2 and AS2 delivers the UE-SAT-UE indication, UE1's SDP information to P-CSCF2 in the SIP invite message.

7.
The SIP Invite message is sent to UE2.8.
UE2 returns SIP 183 message to the network with its own SDP information.

9.
P-CSCF2 checks the codecs of the two UEs. If transcoding is not necessary, the P-CSCF triggers dedicated resource allocation procedure by sending AAR or Policy Authorization request message via Rx/N5 interface. The UE-SAT-UE communication indication and UE1's IP address are included.

10.
P-CSCF2 sends the SIP 183 message to S-CSCF2 and AS2. The UE-SAT-UE communication indication and UE2's SDP information are include.

11-12.
The SIP 183 message is delivered to the originating P-CSCF1 with the UE-SAT-UE communication indication and UE2's SDP information.

13.
If the UE-SAT-UE communication indication and UE2's SDP information is received, the P-CSCF1 triggers dedicated resource allocation procedure by sending AAR or Policy Authorization request message via Rx/N5 interface. If the resource has been allocated in the previous procedure, P-CSCF will update the policy to PCF. The UE-SAT-UE indication and UE1's IP address are included.

14.
The SIP 183 message is sent to the UE1.

15.
SIP PRACK and 200 OK (PRACK) messages.

16.
UE1 sends the SIP Update message.

17.
The SIP messages exchange between UE1 and UE2 continues, and the policies may be further updated. Finally, the call is established with UE-SAT-UE communication enabled.
Editor Note:
Whether and how the IMS system needs to verify the satellite constellation to obtain the inter-link information between the satellites are FFS.
6.x.2.2
Ground common SMF for UE-SAT-UE communication
Figure 6.X.2.2-1 depicts the signaling flows of the solution .
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Figure 6.X.2.2-1 : Ground common SMF for UE-SAT-UE communication
1.
UE1 is served by gNB1 deployed on the satellite SAT1 and establishes the PDU session for IMS call, i.e., the DNN is IMS. The dedicated SMF can be discovered by AMF via NRF, and the discovery condition may include the access satellite RAT type and the ID of the satellite.

The UPF on the ground is selected as anchor UPF for the session.
2.
UE2 is served by gNB2 deployed on the satellite SAT2 and establishes the IMS PDU session, and the same serving SMF is chosen as in Step 1.
3.
UE1 and UE2 register to the IMS system, and a call is initiated between the two UEs. During the call setup procedure, IMS system determines that media path could be optimized by using UE-SAT-UE communication.

For this case, IMS AGW is deployed on the ground, which means the media path will bypass the IMS AGW.
4.
P-CSCF requires the 5GS to allocate or update the resources, in which the UE-SAT-UE communication indication and the peer UE IP address are included. The ID of peer UE, i.e., SUPI or GPSI may also be included.


PCF sends the request to SMF, and includes the UE-SAT-UE indication and peer UE IP address. The peer UE ID, i.e., SUPI or GPSI may also be included.
5.
When SMF receives the session update request with the UE-SAT-UE communication indication and the peer UE IP address, SMF interprets that the UE-SAT-UE communication is required and inserts the UPF onboard the satellite as ULCL/BP and local PSA UPF. SMF choose the proper UPF according to the DNAI(s) corresponding to satellite ID. SMF may verify the UE-SAT-UE communication is allowed or not based on UE's subscription data.


In this procedure, assuming SMF firstly chooses the UPF1, which is deployed with gNB1 on satellite SAT1 as the ULCL/BP and local PSA UPF, the SMF will first request the UPF1 to allocate tunnel info for N19 forwarding.
6.
The SMF inserts UPF2 onboard the satellite as ULCL/BP and local PSA UPF, and the packet detection and forward policies are similar as that defined for 5GSATB if N19 reference point is re-used.

7.
The SMF then updates the packet forwarding policies to UPF1 for UE1 as above step 6.

8.
The media path between UE1 and UE2 is UE1 <-> SAT1(gNB1+UPF1) <-> SAT2(gNB2+UPF2) <-> UE2.
6.x.2.3
Ground common I/V-SMF for UE-SAT-UE communication 

Figure 6.X.2.3-1 depicts the signaling flows of the case where UE1 is in the home PLMN, UE2 is roaming (home-routed) in the UE1's PLMN.
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Figure 6.X.2.3-1 : Ground common I/V-SMF for UE-SAT-UE communication
1.
UE1 establishes the IMS PDU session via the gNB1 on the satellite, and the ground UPFx is selected as the PSA UPF of the session.

2.
UE2 is roaming in the UE1's PLMN and establishes the IMS PDU session via the gNB2 on the satellite, V-SMF is selected by serving AMF2 and the ground UPFy is selected in the PLMN. UPF in home PLMN is not indicated in the figure.


The two PDU sessions are established separately, therefore the two UEs may be served by same nodes of the 5GC or different nodes.

3.
UE1 and UE2 registers to the IMS network, and a call is initiated between the two UEs.

4.
The session update message is received by the UE1's serving SMF1 from P-CSCF, and UE-SAT-UE communication indication and the peer UE IP address are included.

5.
If the SMF1 detects that it doesn’t serve the peer UE, it triggers the I-SMF selection procedure according to the received parameters (i.e., UE-SAT-UE communication indication and the peer UE IP address) . For this case, a dedicated SMF (i.e., I/V-SMF in the figure) that supports UE-SAT-UE communication is selected as I-SMF based on network configuration.
6.
The I/V-SMF inserts the UPF1 deployed on the serving satellite SAT1 for the IMS media session. The UPF selection can be based on the gNB ID and the satellite ID which are received from AMF in the PDU session establishment procedure.

7.
P-CSCF updates the IMS session of the UE2.

8.
UE2's serving SMF2 triggers the V-SMF re-selection and also selects the dedicated SMF as the I/V-SMF similar as the Step 5.

9.
The I/V-SMF inserts the UPF2 for the UE's session, and the forward policies for UPF2 are similar with those defined in step 6 of clause 6.x.2.2.

10.
The I/V-SMF updates the detection and forward policies for UPF1 as in Step 7 of clause 6.x.2.2.

11.
The media path between UE1 and UE2 communication is UE1 <-> SAT1(gNB1+UPF1) <-> SAT2(gNB2+UPF2) <-> UE2.
6.x.2.4
Handover procedure when serving satellite changes
Figure 6.X.2.4-1 depicts the handover procedure when serving satellite changes. 
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Figure 6.X.2.3-1 : Handover procedure when serving satellite changes
0a.
UE1 and UE2 is in UE-SAT-UE communication.UE1 is served by satellite S-SAT1 and UE2 is served by satellite SAT2. The media path between the UEs is UE1 <-> SAT1(S-gNB1+S-UPF1) <-> SAT2(UPF2+gNB22) <->UE2.
0b-0c.
Due to movement of UEs or the satellites, the serving satellite of UEs may changes. This procedure assumes that UE1 is be served by satellite T-SAT3, and handover to T-SAT3 from S-SAT1 happens.

NOTE:
The following procedure takes Xn based inter NG-RAN handover for example. For N2 based handover serving AMF may change, however, the serving common SMF or I/V-SMF is not changed for both cases.
1.
After the execution of handover, the target T-gNB3 sends N2 path switch request.

2.
AMF sends the Nsmf_PDUSession_UpdateSMContext Request to SMF.

3.
SMF chooses T-UPF3 in the target satellite as new I-UPF for UE-SAT-UE communication purpose according to the target gNB and the target satellite information. The AN Tunnel Info of T-gNB3, CN Tunnel Info of MT UE's UPF2 and QoS flow information of IMS media are included in the N4 session establishment request message.

4.
SMF modify the session information of the ground UPFx by updating the AN Tunnel Info of T-gNB3.

5-6.
The path switch response is sent to target gNB from SMF via AMF.

7.
Now the path for the uplink media of UE1 is updated to UE1 -> SAT3(T-gNB3+T-UPF3) -> SAT2(UPF2+gNB2) -> UE2.

8.
SMF modifies the UE2's session information to UPF2 by updating the CN Tunnel Info of UE1's target T-UPF3.

9.
SMF may start a guard timer to delay the release of the resources in source UPF to avoid possible packet loss.

10.
End Marker is sent to target T-gNB3 from UPF2 via source S-UPF1 and S-gNB1. 

11.
 T-gNB3 triggers the resource release to S-gNB1.

12.
The downlink media path for UE1 from UE2 is updated to: UE2 -> SAT2(gNB2+UPF2) -> SAT3(T-UPF3+T-gNB3) -> UE1.

13.
After the guard timer expires, the SMF releases the session in the source UPF.

6.X.3
Impacts to Services, Entities and Interfaces
This solution may have the following impacts:

PCF:

· Support the UE-SAT-UE communication indication and target UE address.

SMF:

· Support the UE-SAT-UE communication indication and target UE address.

· Trigger I-SMF insertion and deletion procedure for UE-SAT-UE communication.

· Trigger V-SMF re-selection procedure for UE-SAT-UE communication.

· Delay release session of source UPF in the handover procedure.
· Preconfigure satellite association information 
· Performs UL CL/BP/local PSA UPF selection based on the gNB on-board satellite ID and satellite association information
AMF:

· Discover a dedicated I/V-SMF for UE-SAT-UE communication.

IMS:

· P-CSCF, S-CSCF and AS determines if UE-SAT-UE communication is allowed and support the delivery of UE-SAT-UE communication indication in the SIP messages.
· P-CSCF sends the UE-SAT-UE communication indication and peer UE's IP address to 5GC.
· S-CSCF or AS verifies UE's subscription data for UE-SAT-UE communication.
· P-CSCF checks the media codecs of MO UE and MT UE to confirm whether transcoding is needed.
******************** End of Change ********************
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