

SA WG2 Temporary Document
Page 4
SA WG2 Meeting #163	S2-2405965
Jeju, Korea, May 27 – May 31, 2024
	
Source:	TCL
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Title:	New Solution for Key Issue #3 to Guarantee IMS Traffic Remain within the Satellite While Maintaining the delay.
Document for:	Approval
Agenda Item:	19.1	
Work Item / Release:	FS_5GSAT_ARCH_Ph3 / Rel-19
[bookmark: _GoBack]Abstract: During SA2-160AHE,SA2 -61 and SA2 -62 many contribution have discussed the Key Issue #3 focusing on identifying the functions to be deployed on-board and the necessary signaling to support selection of appropriate IMS/UPF function for supporting UE-SAT-UE IMS communication. This report focuses on enhancements targeting ensuring that the routing of user plane traffic for IMS voice/video call remains within the satellite(s) while minimizing the additional signalling or the unnecessary procedures that may impact data plane connectivity and/or call setup time.
1. Introduction/Discussion
In 23700-29 v0.2.2, it is proposed to study the support of UE-satellite-UE communication as below:
· Architectural enhancement to support UE-satellite-UE communication, including minimum necessary set of 5GC network functions and IMS components (if any) onboard the satellite(s), including:
· [bookmark: _Hlk151042033][bookmark: _Hlk151041106]How to ensure routing of user plane traffic (for MMTEL and MC applications) remains in the satellite.
· Potential impacts on IMS procedures and functions to manage UE-satellite-UE communication 
· Conditions (such as eligibility, restrictions, authorization …) for realizing UE-satellite-UE communication for UEs.
According to the legacy terrestrial access VoNR 5G system, during a IMS call setup, both the calling and called UE have to establish and maintain one or more separate IMS data or control sessions and radio bearers to be used for initiating and maintaining IMS data plane connectivity. This requires many steps and signaling interactions between the calling/called UE, the radio access network (RAN) node and IMS function at the core network as detailed in Figure.1. In case of 5G system satellite access with some functionality such as gNB, UPF and/or IMS node deployed on board, if the legacy IMS call setup signaling and procedures were applied, there would be the following issues: 
1. Inefficiency and additional signalling: 
Although in SID it is assumed that, the IMS user plane traffic is remaining within the same on-board satellite/es IMS/UPF/RAN functions. However, still an additional signalling and interaction between network nodes are needed to established and maintain a separate IMS PDU session and radio bearer between calling and the on-board network and another separate IMS PDU session and radio bearer between called UE and the network. 

                                 



















                                         

                                                          Figure 1: Legacy IMS Voice/video Call Procedure
2. Additional delay and longer call setup time: 
For satellite access networks, based on GEO, MEO, or LEO satellite infrastructures, the total two-way propagation delay associated with each orbit can be summarized in Table 1 (Table 7.4.1-1 of TS 22.261). On other hand, the packet delay caused by 5G protocols and processing can be as given in Table 2 (as reported in ITU G.1028). For VoNR connections, the maximum end-to-end delay between UE and UPF is about 200 ms, as reported in ITU-T G.114. Given that, if the legacy IMS call setup procedures are applied in satellite access, maintaining the UE-satellite-UE link delay within the ITU recommended budget is a challenging, especially in the case of multi-hops MEO/LEO satellite change or a change between satellites at different orbits (TR 38.821).
     Table. 1: Two way UE to satellite propagation delay
	
	UE to satellite Delay [ms]
	Two-Way Max propagation delay [ms] between UE and satellite only 

	
	Min
	Max
	

	LEO
	3
	15
	2*(15+32) <200

	MEO
	27
	43
	2*(43+32)>200

	GEO
	120
	140
	2*(280+32)>200


Table. 2: ITU-T Rec G.114 the maximum permitted delay between the UE and UPF
	Traffic Type
	Type
	Priority
	Budget
	Loss Rate
	Window
	Services

	IMS Data
	GBR
	20
	I00ms
	
	2000ms
	Conversational Voice

	IMS Signaling
	Non-GBR
	10
	100 ms
	
	Not Applicable
	IMS Signalling


[bookmark: Table__094233]Table. : The packet delay caused by 5G protocols and processing
	Step
	Description
	DL direction
	UL direction

	1
	eNB processing delay (S1-U to Uu)
	1 ms
	1ms

	2
	Frame Alignment
	1.022 ms
	1.423ms

	3
	TTI for DL data packet
	0.675 ms
	0.675 ms

	4
	HARW retransmission
	0.3*5 ms
	0.3*5 ms

	5
	UE processing delay
	1ms
	1ms

	6
	S1-U transfer delay and aGW
	7ms
	15ms

	
	Total one way delay
	12.2ms
	20.6ms


This disclosure provides a solution candidate to address these two above issues. The detailed discerption of the solution is provided in section 2.
2. Proposal
Based on the above discussion, we propose to add or to update TR 23.700-29 Key Issue #3 related solutions based on this solution.
***** Start of Change *****
[bookmark: _Toc22552196][bookmark: _Toc22930369][bookmark: _Toc22987239][bookmark: _Toc23256825][bookmark: _Toc25353553][bookmark: _Toc25918799][bookmark: _Toc31011418][bookmark: _Toc31176931]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
	
	Key Issues

	Solutions
	#1
	#2
	#3
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[bookmark: _Toc22552197][bookmark: _Toc22930370][bookmark: _Toc22987240][bookmark: _Toc23256826][bookmark: _Toc25353554][bookmark: _Toc25918800]6. X	Solution #X: UE-Satellite-UE Communication via UPFs on-board the satellites
[bookmark: _Toc500949099][bookmark: _Toc22552199][bookmark: _Toc22930372][bookmark: _Toc22987242][bookmark: _Toc23256828][bookmark: _Toc25353555][bookmark: _Toc25918801]6. X.1	Functional description
This solution focuses on enhancements targeting reduction of signalling/procedure related to help minimizing the call and/or the end-to-end delays to effectively support of UE-satellite-UE communication. The solution relies on configuration of a two-leg-routed/identical sessions or radio bearers for routing the IMS traffic between the two calling parties over UPF or gNB deployed on satellite or deployed as a relay on ground (as given in solution #42). For this, the solution proposes to exchange new indications and assistance information (section 6.X.2) as a part of UE IMS registration, IMS PDU session establishment/modification and/or the paging for an IMS voice call setup. The exchanged information is directed to the node handling data plane management for the VoNR IMS call, with the purpose of: 
1) Triggering the configuration (establishment, modification, or release) of shared or a two-leg-routed/identical sessions or radio bearers for routing the IMS traffic and guarantying that user plane traffic IMS voice/video remains in the satellite/es. Figure.2 (a) and (b) illustrates an example of a two-leg-routed/identical sessions or radio bearers for both the case when the inter-satellite Xn is or not. In both case RAN node and/or the UPF shall support functions for routing, redirection, and steering of IMS packets received over two-leg-routed sessions or radio bearers associated with the calling and called UEs internally over N3, N9, or Xn tunnel interfaces. 


(a)


(b)
Figure. 2 Two-leg-routed/identical sessions or radio bearers routed over UPF or gNB deployed on satellite.
2) Assisting on selecting of an appropriate data plane function to support the IMS call. In other words, assisting based on the indications provided within the IMS PDU session establishment or UE IMS registration request e.g. gNB onboard and/or PDB indication, the AMF/SMF to select between either a gNB/UPF on-board node at LEO, MEO or GEO altitude or a gNB/UPF deployed on-ground that guarantee the IMS Call PDB delay requirement.



Figure.3 Selecting between either a gNB/UPF function deployed on-ground or on-board node at LEO, MEO or GEO altitude that guarantee the IMS Call delay requirement.
[bookmark: _Toc500949101][bookmark: _Toc22552200][bookmark: _Toc22930373][bookmark: _Toc22987243][bookmark: _Toc23256829][bookmark: _Toc25353556][bookmark: _Toc25918802]6.X.2	Procedures
Procedures of IMS call setup for UE-satellite-UE communication can be as listed below:
1) The calling UE-1 and the called UE-2 register for IMS as follow:
   - Registration request: Indicating capability to support satellite access type. Additional assistance information from serving gNB such as satellite type or constellation type (i.e., GEO, MEO, LEO) indication indicating the constellation type, which UE is about to register to, and/or in indication about whether the gNB is gNB is deployed on-board or on-ground. 
  - Registration accept : A 5GS registration result indicating the support of VoNR-SAT supported, the selected satellite type for UE whether it is NR- LEO or MEO or GEO], a  5GS network support feature indicating the support of IMS data or traffic routing over either RAN radio bearers, UPF routed session or both].
- UE-1 and UE-2 have finished IMS registration.
2) Both UE1 and UE2 establish IMS PDU session for control with a new session and service continuity (SSC) mode. In this mode, the PDU session and/or PDU session and radio bearers are anchored at the User Plane Function (UPF). IMS data flow IMS PDU session/ radio bearers is routed over the same UPF/gNB to support seamless handover or satellite access node change. In this mode , UE may indicate within the EPO the packet delay budget (PDB) delay encountered during the IMS registration procedure. 
3) UE-1 initiates establishment of an IMS PDU session toward SMF for IMS data and include the new SSC mode and PDB as an EPO within it, UE-1 can use this. Then initiates an IMS call to UE-2 via SIP Invite message with SDP offer, as described in 23.228 [9].
4) The SIP Invite message is sent to UE-2 as described in 23.228 [9].
The path is: UE-1's P-CSCF-> UE-1's S-CSCF-> UE-2's S-CSCF-> UE-2's P-CSCF->UE-2.
5)  Based on the PDB delay encountered during the IMS registration procedure for both calling and called UE signaling, as well as the SSC modes of reported by UE1, the SMF, in coordination with the PCF node selects the appropriate relay or on-board UPF for IMS call. Through the N4 Session Establishment/Modification Request/Response, the SMF instructs the selected UPF to establish a two-leg-routed IMS PDU session with internal routing capabilities for UE1 and UE2. Alternatively, the SMF may indicate to AMF to notify the NG-RAN to configure two-leg-routed radio bearers with internal routing capabilities for carrying IMS bearers over the Uu interface between the calling and called UEs.
6) The SMF notifies the PCF that the PCC decision has been enforced by performing an SMF-initiated SM Policy Association Modification procedure as described in clause 4.3.3.2 of TS 23.502 [3].The PCF notifies the P-CSCF that the voice QoS flow has been established for UE1 and UE2.
7) The SMF may send a session establishment accept to UE1 and/or modification UE2 containing the two-leg-routed IMS PDU session. The subsequence PDU session modification procedure is performed as described in clause 4.3.3.2 of TS 23.502 [3].
8) UE2 join the session two-leg-routed IMS PDU session. After Step 8, the voice QoS flow for UE-1 and UE2 is established. Then, UE2 replies 183 with SDP answer to UE-2's P-CSCF
9) The 183 with the SDP answer is sent to UE-1's P-CSCF. The path is: UE-2's P-CSCF-> UE-2's S-CSCF-> UE-1's S-CSCF-> UE-1's P-CSCF.
10) UE-1's P-CSCF sends the 183 with SDP answer to UE-1.
11) UE-2 sends 180 Ringing response to UE-1, and start ringing to alert the user.
12) UE-2 sends 200 OK to UE-1 when the user of UE-2 answer the IMS voice call. 
13) Then, the voice RTP packets are locally switched or routed over the UPF or gNB deployed on the satellite toward UE1 and UE2.


                            Figure 4: Procedures of IMS call setup for UE-satellite-UE communication.
[bookmark: _MON_1640592410][bookmark: _MON_1641195862][bookmark: _MON_1641196201][bookmark: _MON_1641196233][bookmark: _MON_1641196396][bookmark: _MON_1640593091][bookmark: _MON_1640599798][bookmark: _MON_1640605003][bookmark: _MON_1641155577][bookmark: _Toc500949102][bookmark: _Toc22552201][bookmark: _Toc22930374][bookmark: _Toc22987244][bookmark: _Toc23256830][bookmark: _Toc25353557][bookmark: _Toc25918803]6.X.3	Impacts Analysis
SMF: The SMF configuration (establishment, modification, or release) of shared or a two-leg-routed/identical sessions for routing the IMS traffic and guarantying that user plane traffic IMS voice/video remains in the satellite/es. Support selecting between either a UPF on-board node at LEO, MEO or GEO altitude or a UPF deployed on-ground that guarantee the IMS Call PDB delay requirement.
AMF: The AMF support of selecting between either a gNB on-board node at LEO, MEO or GEO altitude or a gNB deployed on-ground that guarantee the IMS Call PDB delay requirement.
UPF: The UPF supports the functions of routing, redirection, and steering of IMS packets received across the two-leg-routed sessions associated with the calling and called UEs internally or over N3, N9. 
NG-RAN: NG-RAN indicating whether gNB is deployed on-board or on-ground as relay during registration. Support the functions of routing, redirection, and steering of IMS packets received across the two-leg-routed radio bearers associated with the calling and called UEs internally or Xn interface. 
UE: Support indication of an IMS voice call capability over satellite during IMS registration. Support indication of a new SSC mode for supporting of two-leg-routed IMS PDU session/radio bearer as w indication of a PDB encountered during the IMS registration process as a part of EPO during IMS session establishment/modification.
***** End of Change *****
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