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1	Introduction
1.1 	Acronyms/definitions
CCNF: 	The Common Control Network Functions is a group of functions that are shared across the slices concurrently supported for a UE
· NF: 	Network Function
· NS:	Network Slice

SCNF: 	Slice Specific Core Network Functions is the set of functions of a Network Slice that are not shared with other Network slices. It includes Slice Specific CP Network functions and Slice Specific UP network functions.
· SCNF-CP : 	Control plane functions applicable to a SCNF
· SCNF-UP : 	User Plane functions applicable to a SCNF

PCF: 	Policy Control Function controls the Slice Selection policies in CCNF and other dynamic policies for its serving UE.
· S-PCF : 	Slice specific PCF, i. e. supporting specific policy control for the UE within the Slice. It is part of the SSNF-CP .
· C-PCF : 	CCNF specific PCF, i.e. communicating with CCNF and the S-PCF to support the common policy control for the UE. 
Subscriber Repository: 	Repository of subscription information. 

1.2 	background
[bookmark: _Toc458158037]This paper pertains to solution 1.2 detailed in 23.799 clause 6.1.2. It elaborates on S2-1645129, which was approved in SA2 #116-Bis.


2	Discussion
Figure 2-1 below depicts the existing proposal with a PCF that provide the common dynamic policy as described in clause 6.1.2 in TR 23.799. Two interfaces were proposed for this PCF, NGcp and NGp. This paper proposes to further clarify the distinct responsibilities of these two interfaces that communicate with CCNF and SCNF which are described in the subsequent Figure 2-2 below, i.e.  the overall policy control at the UE level via the support of NGcp and the Slice Specific policy control at the Session level via the support of  NGp.  .


Figure 2-1: Core Part of Network Slicing concept (Non-roaming scenario) 
Note: Figure 2-1 above is referred to Figure 6.1.2-1 as captured in TR 23.799


 
Figure 2-2: Core Part of Network Slicing concept (Non-roaming scenario) 
It is proposed that Figure 2-2 above replaces the Figure 6.1.2-1 as captured in TR 23.799 to support both the Common control PCF and Slice Specific control PCF. 
The Figure 2-2 is the same as the original Figure 6.1.2-1 as captured in TR 23.799 except for the insertion of slice specific PCF as part of the slice specific core part and it is referred as S- PCF.  As a result, there will be CCNF level of PCF (i.e. C-PCF) and slice specific level PCF (i.e. S-PCF) interface over NGp and their respective responsibilities are described in the following section.  Furthermore, this paper proposed to support direct interface (i.e. NGcp) between the Subscriber Repository and C-PCF to ensure consistent preconfigured and dynamic policy control support between two network functions.  For example, handling the subscriber policy changes that impact Subscriber Repository and C-PCF.
In addition to the non-roaming architecture that is proposed, two roaming scenarios are also added as shown in the two figures below. 



Figure 2-3: Core Part of Network Slicing concept (Home Routed Roaming scenario)



Figure 2-4: Core Part of Network Slicing concept (Local Breakout Roaming scenario)


2.1 	CCNF-Level  PCF
The role of the CCNF-Level PCF (C-PCF) is to provide the common policy control support at the UE level, more specifically:
1. Initial NS selection - Assisting the CCNF perform NS selection during initial attach procedure (see clause 6.1.2.2.3.1	Initial Access as described in TR 23.799).
2. NS Re-selection - During the lifetime of the user attachment, the C-PCF can notify the CCNF about change of policy. This change may be related to user subscription (e.g. user was upgraded from a bronze tier to a gold tier, and so is entitled to use apps or/and bandwidth, which may require a re-selection of a NS) or it may be related to network conditions (e.g. the eNodeB serving the user is experiencing a congestion, and there is a need to re-select a new NS, which has WLAN connectivity).
3. Acting as a top level PCF to support S-PCF’s policy control decision whenever needed.
4. The C- PCF provides the coordinated dynamic policy control at the UE level of which the UE may be associated with one or more NSIs. 
5.  Fundamentally, C-PCF is responsible for interfacing with SDM, RCAF, AF and O&M which is similar to what PCRF support in EPC today

2.2 	Slice specific level PCF
The Slice specific level PCF (S-PCF) provides the legacy  PCRF functionality, however, it is to focus on the slice specific session level related dynamic policy for the given UE so that it can offload C-PCF involvement . In addition it will support new policy functionality introduced for 5G which would allow more optimal PCF functionality according to the service requirements of the corresponding NSI. Some S-PCFs may need to provide a full blown PCRF functions, which support similar interfaces as shown in TS 23.203 figure 5.1-1 below (eg Sp, Gx, Rx, Sy, Np, St etc). Some S-PCF could be just a reduced version of PCRF (eg only Gx and Sp like interfaces).



Figure 2.2-1: Overall PCC logical architecture (non-roaming) when SPR is used
Note: Figure 2.2-1 above is the same as the Figure  5.1-1 from TS 23.203. 

2.3 	Deployment Considerations of functional separated PCFs vs. integrated PCF 

Considerations of functional separated C- PCF and S-PCF:
1.  Investing on the PCF functionality according to the needs of the specific service deployment and scale them independently.  Consequently, it also offloads the C-PCF.  
2.  Allowing flexible deployment of PCFs according to their respective realms or administrative domain, e.g. one can be on the specific premise, while the other may be offered as a cloud service.
3. Some network slice deployment may need only a minimal version of S-PCF (e.g. only Gx interface) or full blown S-PCF. The S- PCF is designed to be tailored to the needs of the business model of NSI.
4. Allowing flexible customization and fine tunning to address performance and capacity needs, e. g. particular NSI may require better real time performance.
Consideration for integrated PCF:
1.  Common platform and implementation which can concurrently serve both CCNF and NSIs. This is similar to today EPC environment.

3	Conclusion
Based on the discussions and considerations as described above, this paper recommends to support functional separated PCFs  - i.e. C-PCF and S-PCF as part of the Policy Control Framework for Network Slicing in NextGen. 


4	Proposal
This paper proposes to add the following new solution to clause 6.10. 

***** Start of Change#1 *****
[bookmark: _Toc461542627]6.10.x	Solution 10.x: Policy framework for Network Slicing
This solution presents the policy framework that includes the support network slicing based on solution#2 as described in 6.1.2.   The solution considers both non-roaming and roaming scenarios.  

6.10.x.1 	Acronyms/definitions
CCNF: 	The Common Control Network Functions is a group of functions that are shared across the slices concurrently supported for a UE
· NF: 	Network Function
· NS:	Network Slice

SCNF: 	Slice Specific Core Network Functions is the set of functions of a Network Slice that are not shared with other Network slices. It includes Slice Specific CP Network functions and Slice Specific UP network functions.
· SCNF-CP : 	Control plane functions applicable to a SCNF
· SCNF-UP : 	User Plane functions applicable to a SCNF

PCF: 	Policy Control Function controls the Slice Selection policies in CCNF and other dynamic policies for its serving UE.
· S-PCF : 	Slice specific PCF, i. e. supporting specific policy control for the UE within the Slice. It is part of the SSNF-CP .
· C-PCF : 	CCNF specific PCF, i.e. communicating with CCNF and the S-PCF to support the common policy control for the UE. 
Subscriber Repository: 	Repository of subscription information. 

[bookmark: _Toc461542628]6.10.x.2	Architecture descriptions
[bookmark: OLE_LINK19]The Figure 6.10.x.2-1 shows the NextGen Policy framework for Network Slicing for non-roaming case.  In addition to the CCNF level of PCF (i.e. C-PCF) as defined in solution 6.1.2, this solution introduces slice specific PCF to serve the slice specific core part and it is referred as S- PCF.  The C-PCF and S-PCF are interconnected over NGp and their respective responsibilities are described as follows.  

Functions of C-PCF -   
C-PCF provides the common policy control support at the UE level, more specifically:
1. 	Initial NS selection - Assisting the CCNF perform NS selection during initial attach procedure (see clause 6.1.2.2.3.1	Initial Access as described in TR 23.799).  For example, the C-PCF provides the CCNF the MM mobility control policy support for the target UE.   
2. 	NS Re-selection - During the lifetime of the user attachment, the C-PCF may notify the CCNF about change of policy. This change may be related to user subscription (e.g. user was upgraded from a bronze tier to a gold tier, and so is entitled to use apps or/and bandwidth, which may require a re-selection of a NS) or it may be related to network conditions (e.g. the eNodeB serving the user is experiencing a congestion, and there is a need to re-select a new NS, which has WLAN connectivity).
3. 	Acting as a top level PCF to support S-PCF’s policy control decision whenever needed, e.g. notifying S-PCF for the change of UE’s subscription.  
4. The C- PCF provides the coordinated dynamic policy control at the UE level of which the UE may have multiple PDU sessions associated with more than one NSIs. 
5.	Fundamentally, C-PCF is responsible for interfacing with Subscriber Repository and RCAF which is similar to what PCRF support in EPC today

Functions of S-PCF -   
1. Slice specific level PCF (S-PCF) provides the similar legacy PCRF functionality, however, it is to focus on the slice specific session level related dynamic policy for the given UE so that it can offload C-PCF involvement.  
2. S-PCF supports new policy control function introduced for the NextGen UE (e.g. NextGen PDU marking), so that,  it enables more optimal PCF implementation according to the specific service requirements of the corresponding NSI. Some S-PCFs may need to provide a full blown PCRF functions, which support similar interfaces as shown in figure 5.1-1 of TS 23.203 [TS 23.203] (eg Sp, Gx, Rx, Sy, Np, St etc) assuming most of these interfaces remained in NextGen.  Some S-PCFs could  just  provide a reduced version of PCRF (e.g only Gx and Sp like interfaces).

Furthermore, this solution proposed to support direct interface (i.e. NGcp) between the Subscriber Repository and C-PCF allows the consistent support for the preconfigured and the dynamic policy control between these two network functions.  For example, the handling the subscriber policy changes that impact both the Subscriber Repository and C-PCF.


 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Figure 6.10.x.2-1: Core Part of Network Slicing concept (Non-roaming scenario)

The Figures 6.10.x.2-2 and  6.10.x.2-3 below describe the NextGen Policy framework for Network Slicing for  roaming case.


Figure 6.10.x.2-2: Core Part of Network Slicing concept (Home Routed Roaming scenario)



Figure 6.10.x.2-3: Core Part of Network Slicing concept (Local Breakout Roaming scenario)

NOTE：	Policy Function is regarded as part of control plane.  The three figures above include other control plane functions, e.g. SM function, MM function, as described in solution 6.1.2.   

For the roaming support, the following describes the responsibilities of the home and visited policy control functions:
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Home Policy Control Function: 
· [bookmark: OLE_LINK48]For roaming with home routed, the Home Policy Control Function is the policy decision function to provide policy rules for QoS, Usage monitoring and charging to Home NextGen CP Function, and provide mobility policies to Visited NextGen CP Function via a home NextGen CP Function or via a Visited Policy Control Function, by which the local mobility policies in visited network can be taken into account. 
For roaming with local breakout, the Home Policy Control Function is the policy decision function to provide policy rules for QoS, Usage monitoring and charging , mobility policies to Visited Policy Function.
The Home Policy Control Function  may further distributed between Home C-PCF and Home S-PCF, if available, as described for C-PCF and S-PCF above. 

Visited Policy Control Function: 
· The Visited Policy Control Function receives the policy rules from Home Policy Control Function and adjusts the policy rules based on visited operator’s local policy for mobility, and provides policy rules to Visited NextGen CP Function.
The Visited Policy Control Function  may further distributed between Visited C-PCF and Visited S-PCF as described for C-PCF and S-PCF above. 

[bookmark: _Toc461542629]6.10.x.3	Function description
Editor's note:	This clause will contain function descriptions and the interactions among the network functions.
[bookmark: _Toc461542630]6.10.x.4	Solution evaluation
Editor's note:	This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.

***** End of Change *****
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