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1. Introduction – Discussion
1.1 Introduction

F-TEID-u
Fully Qualified (GTP-u) Tunnel Endpoint Identifier: IP address + TEID of a GTP-u tunnel (TEID-u)

1.2
Allocation of F-TEID-u (SGW/PGW)
When an UP function can interwork with multiple CP function, the question may be raised of whether the allocation of F-TEID-u by the CP incurs the risk that 2 CP (functional entities) may allocate the same F-TEID-u. 
· Considering the TEID: the TEID-u space could be partitioned per CP functional entity. As the TEID size is 32 bits, and considering that an UP entity may interact with 16 CP entities (which seems a lot), this lets 2 32-4 = 2 28 i.e. an order of magnitude of 256 M TEID to allocate per TEID CP per IP @ of an UP entity. So this does not seem to be an issue.
· Considering the IP @ of the F-TEID-u: the IP @ part of the F-TEID-u may (depending on the implementation) correspond to the actual physical resource (e.g. VM instance, physical card) handling the traffic identified by a F-TEID-u. When the UP allocates the IP @ (part of the F-TEID), this allocation can be done based on the local knowledge of the availability and load of this physical resource. When the CP allocates the IP @ (part of the F-TEID), this means that the CP is made aware of the availability and load of the physical resources of the UP entities, which it needs to know anyhow in order to choose the UP entity.
The CP function is responsible of allocating the UP function based on multiple criteria including the location of the UE. This allocation may also take into account the (relative) load of the various candidate UP functions (e.g. to reach an equal load of the UP functions or to favor an unbalanced load so as to facilitate scale in/down). Thus the CP of a GW needs to be aware of the availability and load status of the UP entities it may use.

Nevertheless the allocation of the F-TEID-u by the UP is simpler as it does not require a partitioning of the TEID-u space and as it does not require to make the CP aware of the availability and load of the individual physical resources of the UP entities.
As a conclusion, for the determination of the F-TEID-u, both solutions (allocation by the CP / allocation by the UP) may be considered.
2. Proposal

It is proposed that the following text is added into TR 23.714.
* * * * Start of changes * * * * (245)
6.2.1.1.4
How to realize the selection mechanism

The control plane entity is configured with the list of identities (i.e. IP address or FQDN) of the user plane entities it can use. This list may be updated at run-time via management interface, which is not in scope of 3GPP. . 

NOTE:
DNS based address resolution is performed by the control plane if FQDN of the user plane identity is configured.
The control plane entity is required to be made aware about the user plane entities load and capacity information.. The control plane may be configured with weight factors for each user plane entities, which can be used for user plane node selection. The weight factor may be provided via DNS server. The user plane node may also dynamically report its load information to control plane. Solutions for this aspect are described in clause 6.1.1.5.2
* * * * Next change* * * *
6.1.1.5.1
Description 

F-TEID-u
Fully Qualified (GTP-u) Tunnel Endpoint Identifier: IP address + TEID of a GTP-u tunnel (TEID-u). When no reference to an IP version is made, “IP address” may refer to an IPv4 address and/or to an IPv6 Prefix. 
This section describes solutions for item A.2 in the table, i.e. solutions for whether F-TEID allocation is performed in the user plane or control plane solutions. 
6.1.1.5.2
Load / Overload of an User Plane function 

6.1.1.5.2.1
Description of the feature 

Regardless of whether the F-TEID-u is allocated by the Control Plane or by the User Plane function, the Control Plane function needs to know the availability and the load of the User Plane Functions it can use. This is to support the CP selection of an User Plane function. 
NOTE1:
The CP function is responsible of allocating the User Plane function based on multiple criteria including the location of the UE but also taking into account the (relative) load of the various candidate User Plane functions (e.g. to reach an equal load of the User Plane functions or to favor an unbalanced load so as to facilitate scale in/down). 
6.1.1.5.2.2
Solution with possible piggybacking of load / overload control information in each request on the CP-UP interface 

Similar principles than used for GTP-c load / overload control may be defined on the interface between the CP and the UP function: in each interaction it has with a CP function, an User Plane function may indicate its overload and load status. Thus the CP function can take this load / overload information into account when it needs to allocate User Plane resources. 
NOTE2:
The text above is absolutely NOT a hint towards using GTP-c defined on the interface between the CP and the UP function. 
6.1.1.5.3
Solution 1: F-TEID-u allocation / release in the user plane function 

In this solution the allocation  / release of the IP address and TEID for GTP-U is provided by the user plane function

Whenever a new user plane TEID and IP address allocation is required, e.g. during default bearer establishment, the control plane entity shall request the user plane entity to allocate the user plane TEID and IP address for the new (GTP) tunnel.

The user plane entity shall allocate the user plane TEID and IP address when the resource for the new GTP-tunnel is accepted and signal these parameters to the control plane entity.

The control plane entity shall signal the allocated user plane TEID and IP address to other network entities to complete the bearer establishment.
Editor’s note: Further details are FFS.
6.1.1.5.4
Solution 2: F-TEID-u allocation / release in the Control Plane function 
6.1.1.5.4.1
Overview
In this solution the allocation / release of the F-TEID-u is provided by the Control Plane function.
Whenever a new user F-TEID-u allocation (or release) is required, e.g. during bearer establishment (or release), the control plane entity shall allocate (or release) the F-TEID-u for the new (or released) GTP-u tunnel. The Control Plane shall also provide the F-TEID-u to the user plane entity when it creates the user plane connection. 
The control plane entity shall signal the allocated (released) F-TEID-u to other network entities (MME, SGSN, PGW or SGW) via GTP-c signalling.
The IP address of the F-TEID-u corresponds to the UP function selected to support a bearer. This selection may take into account the load / overload of the UP as described in § 6.1.1.5.2.
· NOTE: 
When an User Plane function can interwork with multiple CP function, the question may be raised of whether the allocation of F-TEID-u by the CP incurs the risk that 2 CP (functional entities) may allocate the same F-TEID-u. The TEID-u space can be partitioned per CP function. As the TEID size is 32 bits, and considering that an User Plane function may interact with 16 CP functions (which seems a lot), this lets 2 32-4 = 2 28 i.e. an order of magnitude of 256 M TEID to allocate per CP per User Plane entity. So this does not seem to be an issue.
6.1.1.5.4.1  (examples of) Call flow

The following call flow shows the case of the default bearer creation at ATTACH, in the case where the SGW-CP and PGW-CP are co-located.
NOTE:
The call flow below is just an illustrative example and does not claim to cover all aspects of CUPS.. 
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Figure:  Initial ATTACH procedure using Control Plane approach for S-GW, P-GW F-TEID-u allocation (and UE’s IP address allocation)
1. Initial ATTACH or PDN connection request from the UE. In case of an initial ATTACH, steps 1 to 11 of 23.401 Figure 5.3.2.1-1 may take place.
2. The MME selects a SGW-c / PGW-c. In the example of this figure the SGW-c and PGW-c are co-located
3. As per step 12 of 23.401 Figure 5.3.2.1-1: the MME sends a Create Session Request to the (S)GW-c 
4. Based on regular signalling with the GW-u functions the GW-c function is aware of the load / overload of the GW-u and uses this information together with parameters of Create Session Request received from the MME to allocate a SGW-u and a PGW-u. Then the GW-c allocates the F-TEID-u for the User plane entities.
5. Steps 5, 6 and 7 can take place in any order
Steps 8 to 10 are as in 23.401
11.
Upon reception of the F-TEID-u of the ENB sent by the MME in a Modify Bearer request the GW-c creates the S1-u termination at the SGW-u (providing both the F-TEID-u of the ENB and the local SGW-u F-TEEID-u it has allocated in step 4) and controls the switching of this termination with the S5/S8 termination  
Editor’s note: Further details are FFS.
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