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Introduction

The key justification as described in the SID for the CUPS work is to allow flexible and independent distribution and scaling of UP and CP functions. In particular, a key scenario is to allow a distribution of the UP to allow lower UP latency without having to, at the same time, multiply and distribute the interfaces to MME, PCRF and charging systems.  Solutions to different key issues should thus take this aspect into account and ensure that it can be fulfilled. In particular, it should be taken into account when creating a solution for the functional split between control plane and user plane functions. 
Functional split 

This solution addresses key issue 1 (functional split) for GTP-based S5/S8/S2a/S2b. 

SGW

In order to allow flexible and independent distribution and scaling of the SGW CP and UP functions, the following functional allocation is proposed.

The Control Plane function should support functionality related to terminating control-plane interfaces to other control-plane entities, as well as most functionality that can be considered access-specific or RAT-specific.

The SGW CP function includes:

· GTP-C termination (S5, S8, S11, S4)

· C-TEID allocation

· Selection of SGW UP location
The User Plane function should support functionality related to the actual packet processing. As a general guideline, the UP function should be aware of as few 3GPP-specific or access-type specific parameters as possible and focus on the UP handling. 

The SGW UP function includes:

· GTP-U termination

· GTP tunnel switching (between S1-U and S5/S8)
· Transport level marking (DSCP) per bearer

· Collection of usage data and reporting of this to the control plane function

· Idle state buffering, and triggering of down-link data notifications to the Control Plane function


The SGW user plane TEID and IP address allocation deserves additional analysis and motivation in order to determine where they are best placed. Separating the SGW into control plane function and user plane function, the user plane TEID and IP address allocation could be performed by the CP function or the UP function. However, with the assumption that the UP function can interwork with multiple UP functions, and that each UP function can interwork with multiple CP functions, as well as the assumption that each UP location has a separate IP address ranges, it does not seem to be realistic to perform GTP-U IP address allocation in the CP function unless the IP address ranges and pools at each location is separated and distributed among the CP functions. Instead the GTP-U IP address allocation could be performed either by the UP functions themselves, or by some central resource function that is in charge of IP address allocation in all the different UP locations. In our understanding, a solution where GTP-U IP address and TEID allocation is performed by the UP function would allow better scaling and less management overhead. The SGW UP function would thus also support:

· Allocation of SGW GTP-U endpoints for a bearer (IP addresses and TEIDs)

PGW

In order to allow flexible and independent distribution and scaling of the PGW CP and UP functions, the following functional allocation is proposed.
The Control Plane function should support functionality related to terminating control-plane interfaces to other control-plane entities, as well as most functionality that can be considered access-specific or RAT-specific. At the same time, the Control Plane function should not need to be aware of user-plane specific aspects e.g. related to the routing or forwarding of user-plane packets, as such functionality should be handled by the User Plane function. This allows a more clear separation of concerns between Control Plane function and User Plane function.
The PGW CP function includes:
· GTP-C termination (S5, S8, Gn, Gp, S2a/S2b)

· C-TEID allocation

· Subset of the PCEF functionality:

· Gx interface to PCRF

· Gy/Gz interface to OCS/OFCS

· Translating PCC rules into suitable “traffic handling rules” towards UP function
· Usage monitoring threshold management towards PCRF

· CDR generation (based e.g. on usage reports from the UP function)
· Quota management towards OCS
· S6b interface  support towards 3GPP AAA Server
· RADIUS client 

· DHCP client 

· Selection of PGW UP location
The “traffic handling rule” provided to the PGW user plane function contains the information needed by the user plane function to process the user data packets, including e.g. IP filter description or Application ID, precedence, bit rate information, and can be seen as a subset of the PCC rule information. Some of the PCC rule information, such as e.g. information related to sponsored connectivity, access network information reporting, ARP etc are only relevant to the PGW control plane function.

It can be noted that the RADIUS and DHCP signaling could either be done “out-of-band” as a control plane signaling, or “in-band” via SGi towards a PDN / external network (e.g. a corporate network). In the latter case, it is reasonable that the RADIUS and DHCP signaling goes via the UP function to the PDN in order to avoid having to set up separate connectivity towards the PDN from the CP function.  
The User Plane function should support functionality related to the actual packet processing. As a general guideline, the UP function should be aware of as few 3GPP-specific or access-type specific parameters as possible and focus on the user-plane handling. 
As for PGW user-plane IP address and TEID allocation, similar reasoning as we done for the SGW above applies also here.
The PGW UP function includes:
· GTP-U termination
· SGi termination
· IP forwarding (between S5/S8-GTP and SGi)
· Subset of PCEF functionality:

· SDF detection based on “traffic handling rules” received from the CP function. This includes support for both Service Data Flow filters (“5-tuple”) and Application ID (“DPI”) based traffic descriptions.
· Enforcement of “traffic handling rules” , including gating, bitrate policing and collection of usage information 
· Reporting of collected usage information to the CP

· Bearer mapping:

· mapping of downlink UP traffic to the appropriate bearer (i.e. GTP-U tunnel)
· up-link bearer binding verification (ULBBV)
· Transport level marking (DSCP) per bearer
· Collection of usage data per bearer and reporting of it to the control plane function (for inter-operator settlement)


Some functionality of the PGW deserves additional analysis and motivation in order to determine where they are best placed:
-
Functions related to online charging and usage monitoring, such threshold handling for online charging and usage reporting:
When it comes to threshold based usage reporting, a question is whether the UP function only performs periodic reporting of usage (e.g. volume reporting) to the CP function, or whether the reporting from the UP function to CP function is also based on thresholds set by the CP function. In our view, supporting threshold based reporting from the UP is needed to provide an accurate reporting from the control plane function towards OCS and PCRF, and also allows for a more efficient CP-UP interface with less signaling load compared to doing periodic reporting where the CP has to adjust the reporting intervals to (approximately) fit with the thresholds or quota set by PCRF/OCS.
-
APN-level enforcement (APN-AMBR): Also in this case there are at least two possibilities; either a UP function that supports aggregate bit rate limitation based on APN-AMBR, or handling the APN level aggregated enforcement in the CP function based on the more fine-grained reporting done from the UP. However, controlling aggregate bit-rate enforcement in the control plane from individual pre-IP-flow usage reports using common quota easily becomes complex and there is also a risk of inaccurate enforcement. Therefore APN-AMBR enforcement should be done in the user plane function. 
Editor’s note: UE IP address allocation, e.g. using PGW-specific IP address pools, static IP addresses, or IP address allocation using RADIUS or DHCP, is also something that could be performed by the control plane function and/or the user plane function. Solutions for UE IP address allocation is expected to be handled by a separate key issue.

The above analysis leads to that the following additional functions are supported by the UP function:
· Allocation of GTP-U endpoints for a bearer (IP addresses and TEIDs)

· Aggregate threshold-based usage reporting to the CP function (for usage monitoring and online charging)
· Aggregate bit-rate enforcement (for APN-AMBR)
Interface description
PGW
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Figure 1. Interface between PGW CP function and PGW UP function
The interface between PGW-C and PGW-U includes the following functionality.
· Request the UP function to provide GTP-U IP addresses and TEIDs for a bearer (at PDN Connection establishment and dedicated bearer establishment) 
· Request the UP function to release GTP-U IP addresses and TEIDs for a bearer (at dedicated bearer termination)

· For a UE IP address or an IP flow, configure the UP function how to handle the traffic, in particular with the following information: 
· Local S5/S8/S2a/S2b GTP-U endpoint (IP address and TEID), i.e. PGW GTP-U endpoint 
· Remote S5/S8/S2a/S2b GTP-U endpoint (IP address and TEID), i.e. SGW/ePDG/TWAG GTP-U endpoint

· UL and DL MBR

· UL and DL GBR

· Threshold for usage reporting to the CP function

· Provisioning of APN-AMBR associated with one or more UE IP address(es)

· Request for release of UP resources (at detach or PDN Connection termination)

Editor’s note: Additional functionality, e.g. related to UE IP address allocation, is FFS
Figure 1. Initial attach / PDN Connection establishment with a CP-UP separation of PDN GW
1. 
The MME sends a Create Session Request (IMSI, MSISDN, PDN GW address, APN, PDN type etc) to the Serving GW
2. 
The Serving GW sends a Create Session Request (IMSI, MSISDN, APN, PDN type, SGW user plane IP address and TEID etc) to the PDN GW Control Plane function

3a.
The PGW CP function selects a User Plane function and sends a Setup UP Request (SGW user plane IP address and TEID, IP address type, etc) to the PGW UP function. 

3b. The PGW UP function allocates a UE IP address/prefix and also allocated user plane IP address and TEID for GTP-U. The PGW UP function sends a Setup UP Request (UP IP address/prefix, PGW user plane IP address and TEID) to the PGW CP function.

4. 
The IP-CAN Session Establishment procedure is performed

5a-5b. Based on the information received from PCRF, the PGW CP function provides the APN-AMBR as well as relevant reporting thresholds to the PGW UP function.

6-7. A Create Session Response is sent to Serving GW and MME

8. The MME sends a Modify Bearer Request to SGW

9. If the handover indicator is included, the SGW sends a Modify Bearer Request to PGW CP function
10a-10b. The PGW CP function indicates to the PGW UP that path switch for mobility from non-3GPP access shall be performed. 

11-12. A Modify Bearer Response is sent to Serving GW and MME

SGW
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Figure 2. Interface between SGW CP function and SGW UP function
The interface between SGW-C and SGW-U includes the following functionality:

· Request the UP function configure S1-U and S5/S8 GTP-U endpoints (IP addresses and TEIDs) for a bearer, and return the info to the CP function 
· For a S5/S8 GTP-U endpoint, configure the UP function with periodicity of usage reporting to CP function (to be used by the CP function for CDR generation)
· S1-U release request from the CP function to the UP function

· Down-link data notification from the UP function to the CP function

· Request for release of UP resources (in case of detach or PDN Connection termination)

Editor’s note: call flows where the above interface functions are included in existing 3GPP procedures are FFS.

Proposal
It is proposed to add the above solution to TR 23.714
**** First change ****

6.1
Solutions to key issue 1

6.1.X
Solution X

<Copy the text from the “Functional split” section above.>
**** End of changes ****
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