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Abstract of the contribution: This paper studies the benefits of introducing a Sxab interface between a combined S/PGW-C and a combined S/PGW-U, wile keeping the Sxa and Sxb interfaces for remote user plane addition. It proposes a global split architecture that included the combined S/PGW deployment.
Discussion
This paper discusses the case of combined S/P-GW, which is introduced by the baseline architecture in TR 23.714 clause 4.2 figure 4.2-2. Even if this feature is optional, it shall remain possible in a deployment with separated control and user planes, as the separation of control and user planes should be at equivalent features. 

As indicated in solution #2 of Key Issue #2 (Selection of user plane entities), most MME implementations try to allocate a combined SGW/PGW. This is also documented in TS 23.401 specification: "If combined Serving and PDN GWs are configured in the network the Serving GW Selection Function may preferably derive a Serving GW that is also a PDN GW for the UE."

A combined S/P-GW can be used in various cases, e.g.:

· The number of CP gateways and UP gateways can be minimized: a single CP gateway functionality (i.e. a combination of SGW and PGW functionality) should be sufficient and a single UP gateway functionality may be sufficient as long as it is not located too close to the RAN nodes (e.g. city or district level).

· Many UEs are using a single PDN connection, and combined SGW/PGW clearly minimizes network signalling and delays;

· By adding the possibility for the MME to select a PGW with taking both APN and User location into account, a combined SGW-C/PGW-C node can be found closer to the UE location.
· Even with multiple PDN connections, the SGW can be kept collocated with the default PDN connection in many cases, e.g. simultaneous Internet and IMS connectivity in non-roaming case;

· In a separated user and control plane architecture, the SGW CP does not need to be relocated when a new PDN connection with a PGW close to the UE location is established since a separated SGW UP entity can be allocated close or collocated to the PGW allocated for that new PDN connection. This saves a lot of signalling compared to legacy mechanism and makes the combined S/P-GW configuration more attractive. See annex. 
Figure 6.1.1-1 depicting the split architecture in solution #1 of Key Issue #1 (Split into user plane and control plane functions) assumes separated SGW-CP and PGW-CP entities, interfacing SGW-UP and PGW-CP via separated Sxa and Sxb interfaces. This solution does not consider the case of combined SGW/PGW. 
Solution #2 of Key Issue #2 (Selection of user plane entities) considers the case of combined SGW/PGW for the control plane but does not describe the interfaces between control plane and user plane in the case of combined user plane entities. 
As described in Solution #2 of Key Issue #2, the selection of a combined S/P-GW Control Plane entity can be done by the MME performing PGW selection at the same time as SGW selection: the MME queries the DNS for candidate PGWs and for candidate SGWs, and then favours PGWs that are also SGWs. 

When the SGW and PGW user planes are combined it is reasonable that the SGW and PGW control planes are also combined (as otherwise each CP entity would have to control half a connection, which would require the handling of "internal UP port" from two different CP entities). This is also the assumption of solution #2 of Key Issue #2 (see subclause 6.2.2.1.2). However, assuming that SGW and PGW CP's as well as SGW and PGW UP's are combined does not preclude separated Sxa and Sxb interfaces. In this case, the combined S/P-GW CP needs to handle "internal ports".

 In order to avoid this handling of "internal UP port", it is necessary to use a single Sxab interface between a combined SGW/PGW CP entity and the corresponding SGW/PGW combined UP entity for the establishment of the ingress to egress connectivity. 
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Figure X-1: Variants of CP-UP interfacing with combined SGW/PGW
The use a single Sxab interface between a combined SGW/PGW CP entity and the corresponding SGW/PGW combined UP entity does not preclude separated Sxa and Sxb are used when the SGW UP and PGW UP entities are not collocated. 
Using a single Sxab interface is superior to using separate Sxa and Sxb between combined SGW/PGW CP and combined SGW/PGW UP entities on the following aspects:
· No need to introduce and manage "internal UP ports";
· Once the combined SGW/PGW has selected the UP entity, a single Sxab message is used for establishing the ingress-egress connectivity instead of two separate Sxa and Sxb messages, saving both signalling and setup delay;

Procedures over Sxab can easily be derived from Sxa and Sxb
1. Sx Management Procedures
The Sx Setup Procedure, Sx Configuration Update Procedure, Sx Release Procedure as described in 6.1.1.X (Procedures over Sx Reference Points) can be reused with some additions. A unique node ID is used, however configuration of SGW-U and PGW-U remains independent. For example, 
- Sx SETUP REQUEST message contains "user plane node ID, features supported by SGW-U, features supported by PGW-U". 

- Sx SETUP RESPONSE message contains "control plane node ID, SGW-U level reporting instructions, PGW-U level reporting instructions".
- Sx CONFIGURATION UPDATE REQUEST message contains "control plane node ID, SGW-U level reporting instructions, PGW-U level reporting instructions ".

2. User Plane Session Management Procedures
The User plane session establishment procedure, User plane session modification procedure, User plane session termination procedure can be reused by stating that they can be executed between SGW-C and SGW-U, between PGW-C and PGW-U as well as between Combined S/P-GW-C and Combined S/P-GW-U, and by allowing parameters of both SGW and PGW in all messages. 
3. Sx reporting procedure

The Sx Reporting Procedure can be reused with the addition of a parameter indicating whether the reporting concerns SGW-U or PGW-U. Whether there should be separated messages for SGW-U and PGW-U is a stage 3 matter.  
Proposed text for TS 23.714 (Key Issue #1)
6.1.X
Solution X: Functional split for combined S/P-GW
6.1.X.1 
Overview
6.1.X.1.1
Motivation
Selection of a combined SGW/PGW is allowed and documented in TS 23.401 specification: "If combined Serving and PDN GWs are configured in the network the Serving GW Selection Function may preferably derive a Serving GW that is also a PDN GW for the UE". Even if the combined S/P-GW feature is optional, it shall remain possible in a deployment with separated control and user planes, as the separation of control and user planes should be at equivalent features. This solution supplements solution 1 of Key Issue #1with the optimisation of the interfacing between Control Plane and User Plane in the case of combined S/P-GW. 

A combined S/P-GW can be used in various cases, e.g.:

· The number of CP gateways and UP gateways can be minimized: a single CP gateway functionality (i.e. a combination of SGW and PGW functionality) should be sufficient and a single UP gateway functionality may be sufficient as long as it is not located too close to the RAN nodes (e.g. city or district level).

· Many UEs are using a single PDN connection, and combined SGW/PGW clearly minimizes network signalling and delays;

· By adding the possibility for the MME to select a PGW with taking both APN and User location into account, a combined SGW-C/PGW-C node can be found closer to the UE location.
· Even with multiple PDN connections, the SGW can be kept collocated with the default PDN connection in many cases, e.g. simultaneous Internet and IMS connectivity in non-roaming case;

· In a separated user and control plane architecture, the SGW CP does not need to be relocated when a new PDN connection with a PGW close to the UE location is established since a separated SGW UP entity can be allocated close or collocated to the PGW allocated for that new PDN connection. This saves a lot of signalling compared to legacy mechanism and makes the combined S/P-GW configuration more attractive.

The selection of a combined S/P-GW user plane is described in Solution #2 of Key Issue #2. 

When the SGW and PGW user planes are combined it is reasonable that the SGW and PGW control planes are also combined (as otherwise each CP entity would have to control half a connection, which would require the handling of "internal UP port" from two different CP entities). This is also the assumption of solution #2 of Key Issue #2 (see subclause 6.2.2.1.2). However, assuming that SGW and PGW CP's as well as SGW and PGW UP's are combined does not preclude separated Sxa and Sxb interfaces. In this case, the combined S/P-GW CP needs to handle "internal ports".

 In order to avoid this handling of "internal UP port", it is necessary to use a single Sxab interface between a combined SGW/PGW CP entity and the corresponding SGW/PGW combined UP entity for the establishment of the ingress to egress connectivity. 
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Figure X-1: Variants of CP-UP interfacing with combined SGW/PGW
Using a single Sxab interface between combined SGW/PGW CP and combined SGW/PGW UP entities would:

· Avoid the need to introduce and manage "internal UP ports" as in solutions with separate Sxa and Sxb;

· Once the combined SGW/PGW has selected the UP entity, a single Sxab message is used for establishing the ingress-egress connectivity instead of two separate Sxa and Sxb messages, saving both signalling and setup delay;

· Procedures and messages used over Sxa and Sxb can be reused with some additional parameters. 

6.1.X.1.2 
Solution description

The solution consists, in addition to separate SGW and PGW, in using a single Sxab interface between a combined SGW/PGW CP entity and the corresponding SGW/PGW combined UP entity does not preclude using separate Sxa and Sxb when the SGW UP and PGW UP entities are not collocated. The baseline architecture for separated and for combined S/P-GW is shown below.
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Figure 6.1.X.1-2: Split architecture (TDF not represented)
Editor’s note: Whether the interfaces to the charging systems (i.e. Gy, Gz, Gyn, Gzn) are terminated in the control plane or user plane function is FFS. 

Procedures over Sxab can easily be derived from Sxa and Sxb
1. Sx Management Procedures
The Sx Setup Procedure, Sx Configuration Update Procedure, Sx Release Procedure as described in 6.1.1.X (Procedures over Sx Reference Points) can be reused with some additions. A unique node ID is used, however configuration of SGW-U and PGW-U remains independent. For example, 

- Sx SETUP REQUEST message contains "user plane node ID, features supported by SGW-U, features supported by PGW-U". 

- Sx SETUP RESPONSE message contains "control plane node ID, SGW-U level reporting instructions, PGW-U level reporting instructions".
- Sx CONFIGURATION UPDATE REQUEST message contains "control plane node ID, SGW-U level reporting instructions, PGW-U level reporting instructions ".

2. User Plane Session Management Procedures
The User plane session establishment procedure, User plane session modification procedure, User plane session termination procedure can be reused by stating that they can be executed between SGW-C and SGW-U, between PGW-C and PGW-U as well as between Combined S/P-GW-C and Combined S/P-GW-U, and by allowing parameters of both SGW and PGW in all messages. 

3. Sx reporting procedure

The Sx Reporting Procedure can be reused with the addition of a parameter indicating whether the reporting concerns SGW-U or PGW-U. Whether there should be separated messages for SGW-U and PGW-U is a stage 3 matter.  

Functional split of combined S/P-GW

It is similar to the functional split of SGW and PGW described in 6.1.1.2 and 6.1.1.3.

Considerations for GTP-U IP address and TEID allocation

It is similar to the considerations described in 6.1.1.5

Considerations for online charging, offline charging and usage monitoring

It is similar to the considerations described in 6.1.1.6

Consideration for SGW Service Area and TAI list alignment due to control plane and user plane split of SGW

It is similar to the considerations described in 6.1.1.7

Considerations for UE IP address management

It is similar to the considerations described in 6.1.1.8

Considerations for the functionality supported by the user plane function

It is similar to the considerations described in 6.1.1.9 assuming the use of separated indications for the functionalities related to SGW-U and the functionalities related to PGW-U.  

Considerations for supporting extended buffering for the UE in power saving mode

It is similar to the considerations described in 6.1.1.10

Considerations for 3GPP specific information at the user plane function

It is similar to the considerations described in 6.1.1.11

Considerations for performing LI functionality

It is similar to the considerations described in 6.1.1.12

6.1.X.2
Solution Evaluation

Editor's Note: Evaluation is FFS.
Annex: MME triggered Serving GW relocation 

When a new PDN connection is requested by the UE, the UE requested PDN connectivity procedure (see TS 23.401 clause 5.10.2) is performed. When the new PDN connection is a SIPTO PDN connection in which the SGW and PGW user plane shall be close to the eNB (SIPTO at local network PDN connection with stand-alone GW or SIPTO above RAN PDN connection), the MME triggered Serving GW relocation is triggered when SGW CP and SGW UP are not separated (see TS 23.401 clause 5.10.4). Performing these two procedures one after the other is very costly in terms of signalling.
With the separation of SGW CP and SGW UP, the MME triggered Serving Relocation is not needed anymore. Instead, only the UE requested PDN connectivity procedure (see TS 23.401 clause 5.10.2) is performed, because the new PDN connection establishment will allocate a SGW UP close to the PGW UP while keeping the same SGW CP.  
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