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1 Introduction
In Rel-15 it is assumed that UPF in one PLMN can always be controlled by any A-SMF within the same PLMN. However due to different management area or within the enterprise domain, one additional SMF besides the A-SMF may need be inserted to help establish the user plane connection. 
When this additional SMF is inserted, different architecture solutions have been proposed. In general the additional SMF to be inserted can be categorized for two case, a) N3UPF control; b) UL-CL/BP control. In this paper, those solutions are evaluated. The conclusions are proposed.
2 Discussion
2.1 N3UPF not controlled by A-SMF
2.1.1 General
There are 2 types of architectures for this scenario, i.e. solution 1/2/3/4/6 (named it as Arch 1), or solution 5 (named it as Arch 2).
2.1.2 Solution 1/6 (Arch 1) impact
In solution 1/6, the I-SMF is located between the AMF and A-SMF. The AMF selects I-SMF. The architecture defined in solution 1/6 can be depicted as following:


Figure 2.1.2-1 Architecture in solution 1/6
For HR roaming scenario:
· For HR case the V-SMF is the I-SMF. The V-SMF (I-SMF) controls the UPF located at the VPLMN. During the PDU Session establishment procedure, the AMF select the I-SMF, i.e. V-SMF, based on that the A-SMF in home PLMN which is impossible to control the UPF in the serving PLMN. The procedure is described in clause 6.6.2.8. 
For Inter VPLMN mobility
· In case of inter VPLMN mobility, the new AMF determines that the original V-SMF(similar as old I-SMF) is located in another serving PLMN which is impossible to control the UPF in the current serving PLMN, the new AMF select a new I-SMF, i.e a new V-SMF. Thus the V-SMF is reallocated. The procedure is described in clause 6.6.2.7. 

The impacted NFs for solution 1/6 are: AMF and SMF.
The impacts of this architecture to the existing system is as the following:
· Mobility Management:
· During mobility (handover, mobility registration, service request) procedure, the AMF needs to determine whether new I-SMF needs to be selected. If yes, AMF selects new I-SMF. 
· If new I-SMF is selected, handover/service request/registration procedures are impacted to support I-SMF insertion, change or deletion.
· The new I-SMF needs to retrieve the SM context.
· For handover and service request procedure, the forwarding tunnel between I-UPF controlled by new I-SMF and I-UPF controlled by old I-SMF needs to be established.
· Session Management:
· During initial PDU session establishment AMF may need to select I-SMF. The PDU session establishment procedure that involves both I-SMF and A-SMF is similar as the Rel-15 HR roaming PDU session establishment procedure.
The impacts on V-SMF:
· The V-SMF need support it can be reallocated. The H-SMF support the change of the V-SMF. Even there are some impact on the V-SMF, we see this enhancement is useful as it makes the intra/inter VPLMN mobility possible.
2.1.3 Solution 5 (Arch 2) impact
In solution 5, at the control plane the I-SMF only has an interfaces with A-SMF. The A-SMF selects the I-SMF. The architecture defined in solution 5 can be depicted as following:


Figure 2.1.3-1 Architecture in solution 5
The impacted NFs for solution 5 is SMF.
The solution 5 impacts the existing system as the following:
· Mobility Management:
· During mobility, the A-SMF determines new I-SMF needs to be selected if UE moves out of A-SMF serving Area or old I-SMF serving area, how the A-SMF knows whether UE moves out of A-SMF serving area is based on Rel-15 mechanism, e.g. A-SMF subscribed the event on whether UE move out of the A/I-SMF serving area. 
· The A-SMF selects a new I-SMF and optionally I-UPFs. The interface between the A-SMF and I-SMF is N4 interface based. 
· If a new I-SMF is selected, handover/service request/registration procedures are impacted to support I-SMF/I-UPF insertion:
· The principle of this solution is no impacts on AMF.
· The solution has not considered forwarding tunnel establishment between old I-UPF controlled by old I-SMF and new I-UPF controlled by new I-SMF. Since AMF is assumed no impact, the forwarding tunnel would be supposed to be established via A-SMF. 
· Session Management:
· For the initial PDU session establishment, the AMF only selects A-SMF. The A-SMF may decide to select an I-SMF if the UE is camped in a gNB that has no interface with UPFs controlled by A-SMF.
2.1.4 Comparison
The comparison between two architectures can be listed as below: 
I-SMF selection:
· Arch1: AMF selects I-SMF located in the same region. The selection of I-SMF does not trigger inter region/PLMN signalling, and is most likely with the assistantce of the NRF within the same management area.
· Arch2: A-SMF selects I-SMF located in a different region. The selection of I-SMF will incur inter NRF signaling which may cross region/PLMN.
Data Buffering:
· Arch1: similar to R15 home routed scenario, the data is buffered at the I-UPF and paging is triggered from the I-SMF. The signaling for paging is within a region.
· Arch2: 2 options have been defined 
a. Data buffered at A-UPF, the N9 tunnel between A-UPF and I-UPF was released during AN release procedure. As the I-SMF/I-UPF is released, the additioanl I-SMF reselection always need be executed. This cause unnecessary effort and delay. 
b. Data buffered at I-UPF. The signaling for paging is inter region. For the new Service Request procedure, the paging request/response causes 2 extra round trips of inter region/PLMN signallings comparing with service request procedure of Arch1, which adds delay to the procedure.
c. With 2 options to choose, the solution is more complicated comparing with Arch1.
HR roaming support:
· Arch1, in this case the I-SMF is the V-SMF, and the services defined for HR roaming scenario in Rel-15 can be re-used, e.g. PDU session establishment/modification, etc. 
· Arch2, for the inter PLMN HR roaming case, 
If the HR roaming architecture defined at Rel-15 is used, i.e. the Arch 2 only used for the intra PLMN. It means for the UPF which is not controlled by the A-SMF, two different architecture is adopted(V-SMF vs I-SMF). Considering that V-SMF may also need be changed for the same scenario discussed at ETSUN, double standarization effort is to be consdierred, e.g. V-SMF change for Inter PLMN, I-SMF change for Intra PLMN. 
If the Arch 2 is also used for the inter PLMN scenario, it is not clear how to work with the original HR roaming architecture , e.g. coexistence and the AMF need be upgraded to support the new defined architecture?

VPLMN and HPLMN may support different releases, i.e. the VPLMN supports Rel-16 ETSUN, while HPLMN does not support it. So it need check on whether there are compatibility issue. 
Compatibility Issue:
· Arch1: This solution is similar as the Rel-15 HR roamging architecture. So this solution can work compatible with the Rel-15 H-SMF. 
· Arch2: It depends on how the Arch2 works for the inter PLMN case. 
· If the Arch2 only work for the intra PLMN scenario, then no compatiliby issue.  
· If the Arch 2 is also used for the inter PLMN case, the AMF need to determine whether the H-SMF supports ETSUN. If not, the AMF selects the V-SMF and H-SMF, otherwise, the AMF selects only H-SMF. Considering this option have impact on the AMF, it is assumed that this options should not be pursued. 
Per above analysis, it seems for the N3UPF in different management area which is not controlled by the A-SMF, the better architecture is to adopt Arch1 , i.e. architecture defined in solution 1/6. 
Proposal 1: The architecture in solution 1/6 is selected as basis for normative work for the case that the N3UPF in different management area which is not controlled by the A-SMF. 
2.2 PCF Interaction
2.2.1 General
For Arch1, there are 2 options when PCF interaction is considered: Solution 13 and Solution 15. As the PCC is only needed for the UL-CL/BP case and the UL-CL/BP is only applied for the LBO or non HR roaming case, the I-SMF and A-SMF for the PCC case will be at the same PLMN. 
2.2.2 Solution 13
In Solution 13, the I-SMF has two separated interface with PCF and CHF:


Figure 2.2.2-1 Architecture in solution 13
In solution 13, the PCC rules will be provided to I-SMF directly from PCF based on its service area. The I-SMF interact with PCF/CHF directly. It is assumed that same PCF/CHR are selected in this architecture. 
The impacts of this architecture to the existing system is as the following:
· On A-SMF: 
· The A-SMF provides PCF information to I-SMF via Nxx(N16 based), so that the same PCF can be selected. The A-SMF provides Session AMBR and PCC rules that is not traffic steering related to I-SMF via N16
· On PCF:
· PCF associates PCC session from I-SMF and PCC session from A-SMF for a PDU session
· PCF need be aware the I-SMF insertion, change and deletion
· PCF aggregates reporting from I-SMF and A-SMF for a PDU session
· PCF splits PCC rules, and sends to I-SMF and A-SMF respectively related to a PDU session
· On CHF:
· CHF associates and aggregates reporting from I-SMF and A-SMF for a PDU session
· CHF supports credit management for I-SMF and A-SMF for a PDU session 
2.2.2 Solution 15
In solution 15, the I-SMF has no interface with PCF, the PCF only have one interface with A-SMF:


Figure 2.2.2-1 Architecture in solution 15
The impacts of this architecture to the existing system is as the following:
· On A-SMF:
· A-SMF receives service area of I-SMF via N16 from I-SMF
· A-SMF decides which PCC rules is sent to I-SMF based on I-SMF service area, for traffic steering
· A-SMF needs to send Session AMBR and PCC rules that are for traffic steering and apply to the service area I-SMF control to I-SMF via N16
· A-SMF receives and aggregates reporting from I-SMF to support usage monitoring and charging
· A-SMF relays event notification from I-SMF to AF
· No impact on PCF and CHF
2.2.4 Comparison
Impacts:
Solution 15 only impacts A-SMF and N16, there is no impact on other part of the system. 
Solution 13 impacts A-SMF, PCF and CHF, and a new reference point are defined between I-SMF and PCF/CHF, the impacted existing reference points includes N16 and N7. Hence, solution 15 has less impacts.
Complexity:
The complexity of solution 13 is in PCF and CHF. These 2 functions have to associated I-SMF and A-SMF for one PDU session, and handle I-SMF change. PCF and CHF also need to aggregate reporting from both I-SMF and A-SMF for one PDU session.
The complexity of solution 15 is in A-SMF, the A-SMF splits the PCC rules sent to I-SMF, and aggregates the reporting from I-SMF and from A-UPF.
From above analysis, in solution 13, PCF and CHF are more complicated, but A-SMF is relatively simple. In solution 15, PCF and CHF are simple, A-SMF is relatively more complicated. However the considering the A-SMF is always need be impacted, it may be better to avoid the impact outside the A-SMF, i.e. CHF/PCF. 
Efficiency:
In solution 13, the reporting is directly from I-SMF to PCF/AF / CHF.
In solution 15, the reporting is relayed by A-SMF. Since the reporting is via interface between A-SMF and I-SMF, the reporting will add load to the interface between A-SMF and I-SMF. The reporting in solution 13 also adds load to A-SMF considering the frequency of reporting. 
Hence, from the perspective of reporting solution 13 is more efficient.
In general, solution 15 has less impacts, moderate complexity. It is recommended that solution 15 is adopted as a way forward.
Proposal 2: It is proposed that solution 15 is selected as basis for normative work.
2.3 UL-CL/BP not controlled by A-SMF
2.3.1 General
The UL-CL/BP normally as defined in Rel-15, it is to be inserted due some specific traffic flow, i.e. not couple with the UE mobility. This can be inserted due to the PCC rule injected by the AF even UE does not move. For the case that UL-CL/BP which can be controlled by A-SMF, Rel-15 has already supported it. No enhancement is foreseen for that case. 
However as described in KI#1, 
“-	If in a solution (within HPLMN or within VPLMN), a PDU Session may be simultaneously controlled by multiple SMF, the solution shall describe:
-	Which NF is responsible for SMF selection or reselection, and how is it enforced.
-	How to take into account slicing.
-	Is there any impact to NRF- Are dedicated NRF needed or assumed?
-	How to insert an UPF supporting UL-CL/BP (IPv6 multi-homing) which is not controlled by the SMF that controls the main PSA of the PDU Session. The UL-CL/BP to be inserted may be at the same or different regional / administrative areas.”
There are two cases need be considered, a) UL-CL/BP is at the same management area as AMF but within the enterprise, i.e. it is possible not controlled by the A-SMF. b) UL-CL/BP is at the different management area comparing to A-SMF and may be controlled or not by the I-SMF. 
2.3.2 Comparison of different solution
Four solutions, i.e. solution 5, 7, 16, 18 have been proposed on how to support insert UL-CL/BP if the UL-CL/BP is not controlled by the A-SMF. The solution can be as, 1) Arch 1 based, solution 7/16/18; 2) Arch 2 based, solution 5. Assuming the proposal 1 is agreed, i.e. the solution for the UL-CL/BP insertion is Arch 1 based. 
Solution 18 assume that the UL-CL/BP is always selected by the SMF at the operator network. It requires that all the UPF in the enterprise need be exposed outside, e.g. registered to the operator’s NRF. However in case that if the enterprise want to hide or decouple their deployment with the operator’s network, it is impossible to select the UPF via the NRF camped in the operator’s network directly. 

Solution 7 is similar as the existing architecture defined at the Rel-15. To support the enterprise hiding or decouple their deployment with the operator’s network, it requires the enterprise only expose one NF (Local SMF) outside. This NF (Local SMF) interact with SMF using the interface similar as N4. The enhancement can be listed as below: 
· Internal UPF selection enhancement, the A/I-SMF provide some additional information to the Local SMF, e.g. the UE location information and DNAI. 
With this approach, the Local SMF can determine how to select the UPF within the enterprise. Thus it can fulfill that enterprise can scale in/out their UPF without any interaction with the operator’s network. 

Solution 16, same as other solution the A/I-SMF determine a UL-CL/BP need be inserted per specific traffic flow. In case the UL-CL/BP(UPF) is not controlled by the A/I-SMF, the A/I-SMF send the message back to the AMF including the DNAI information. The AMF select the Local SMF based on the DNAI. Two issue are identified: 
· Additional impact on the AMF. DNAI need be transferred back to the AMF and AMF use it for SMF selection. 
· DNAI usage extension. Originally DNAI is not used for the SMF selection but only for UPF selection. So whether we need differentiate the DNAI used for UPF selection and the DNAI used for SMF selection? This change the meaning of DNAI. 

Per above analysis solution 7 can solve the issue identified at KI#1. Also it has a minimum impact to the existing architecture. It is proposed to adopt solution 7 to solve the issue on how to add UL-CL/BP which is not controlled by the A-SMF.  .
Proposal 2: To support the UL-CL/BP which is not controlled by the A-SMF,  
· Based on the information received via Nxx interface, the I-SMF support the function of determining, selecting and adding UL-CL/BP and local PSA at the user plane. 
· For potential further UPF selection N4 interface support to include the additional information, e.g. the UE location information and DNAI. The SMF include that information per configuration. 
3 Proposal
It is proposed to add the following text into TR 23.726.

/*************************** Start of the first change ************************/
[bookmark: _Toc517275453]7	Conclusions
7.x	Interim Conclusions for UPF not controlled by the A-SMF 
The KI#1/KI#4 aims to address the scenario that when UE moves, the UPF controlled by A-SMF cannot server the new UE location, i.e. the UPF connected to 5G AN are not controlled by the A-SMF . Therefore an additional SMF, called I-SMF is inserted, in order to control the I-UPF, between the NG-RAN and A-UPF. Comparing all the solutions in the TR, it is concluded:
· Architecture, the architecture described in 6.1.2.2, same as architecture described in 6.6.2.1, is adopted as baseline for normative work. 
To support AF influence traffic,
-	The I-SMF has no interface with PCF
-	A-SMF learns insertion of I-SMF(s) and additional information such as e.g. coverage area of the I-SMF, region ID or administrative domain ID of the area that SMF serves or DNAIs supported by I-SMF.
-	A-SMF forwards to I-SMF any required information for the I-SMF to select UL-CL/BP, based on the PCC rules received by A-SMF from PCF, over the Nxx interface.
To support the UL-CL/BP not controlled by the A-SMF can be inserted at the user plane,  
-	Based on the information received via Nxx interface, the I-SMF support the function of determining, selecting and adding UL-CL/BP and local PSA at the user plane. 
-	The protocol for interaction between SMF and UPF is enhanced to include the additional information, e.g. the UE location information and DNAI, which is used to support further UPF selection.
******************************* End of Changes *********************************
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