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Abstract of the contribution: It is proposed a solution, which introduces a sharing concept of C-plane functions across different Network Slices when considering the case, where a single UE is to be connected to different Network Slices that provide different services simultaneously.
Discussion
In NGMN, the Network Slice (NS) is defined as following:

Network Slice Instance: a set of network functions, and resources to run these network functions, forming a complete instantiated logical network to meet certain network characteristics required by the Service Instance(s).

Taking the NGMN’s proposed Network Slice into account, one can design each Network Slice to form a set of C-Plane Functions (CPFs) and a set of U-Plane Functions (UPFs) as depicted in Figure 1 below. The two Network Slices (NS-1 and NS-2) are used to provide different service types. For example, NS-1 provides a Mobile Broadband (MBB) service, whereas the NS-2 provides a critical communication service that requires low latency communication.  
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Figure 1: Each Network Slice has its own C-plane and U-plane functions 

(1-Network Slice = 1 CP-function-set + 1 UP-function-set)
SA1 had identified the following requirement in the SMARTER TR 22.864 v0.3.0. 

The 3GPP System shall enable a UE to simultaneously obtain services from one or more specific network slices of one operator e.g. based on subscription or terminal type.
In other words, the above requirement implies that a UE shall be able to obtain different services simultaneously from different network slices that belong to the same network operator. 
Taking the previous Network Slice architecture design and this SA1 requirement into account, it results to a UE having multiple connections to different sets of C-plane functions and different sets of U-plane functions that are provided by different Network Slices as depicted in Figure 2. 
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Figure 2: UE with simultaneous multiple Network Slice connections 

(Case of 1-Network Slice = 1 CP-function-set + 1 UP-function-set)
There are several issues when considering the case of a UE with simultaneous connections to different set of C-plane functions as depicted in Figure 2, for example: 
· C-plane signalling overhead: Similar C-plane functions (e.g., mobility management) may exist in several Network Slices, and hence, leading to an increase of C-plane signalling overhead. One example is when a UE is moving across different topological/geographical areas, the new UE’s location information is to be updated to several mobility management functions that are located in different Network Slices.

· Complexity: In a situation, where similar C-plane functions are available at different Network Slices, a conflict may occur. For example, when authorizing a UE to be attached to the base station, if two Network Slices have an authorization function, it is unclear whether authorization has to be done in both Network Slices or only performing an authorization of the UE once in one of the Network Slice is sufficient. 
There are several ways to resolve the above issues. For instance, one can think of getting C-Plane Functions only from one Network Slice and U-Plane Functions from two different Network Slices as depicted in Figure 3. In this case, the set of C-Plane Functions of the other Network Slice is not used for the UE. However, this leads to another issue, i.e., some of the C-Plane Functions that are required to accommodate the U-Plane Functions in the Network Slice#2 (NS-2) may not be available at the C-Plane Functions of the Network Slice#1 (NS-1). 
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Figure 3: Sharing a set of C-plane functions of one Network Slice to accommodate multiple sets of U-plane functions of multiples Network Slices
Alternative to the solution depicted in Figure 3 is to have a single set of C-Plane Functions that is shared to multiple Network Slices. In other words, this means the same set of C-Plane Functions is shared to multiple sets of U-Plane Functions of different Network Slices as depicted in Figure 4. With this approach, we would avoid the issue of solution depicted in Figure 3. 
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Figure 4: Sharing a set of C-plane functions of one Network Slice to accommodate multiple sets of U-plane functions of multiples Network Slices

Proposal

Based on the discussions above, it is proposed to capture the Network Slice design as depicted in Figure 4 in the TR23.799.
* * * * Start of changes * * * *
5.x
Key issue on support of network slicing 

Editor's Note: This clause will identify key architectural issues and the corresponding candidate solutions during the design of the next generation system architecture.
5.x.x
Solution X – Support of multiple connections to multiple Network Slices of same UE terminal type
To enable a UE to simultaneously obtain services from multiple Network Slices of one operator, a UE can simply access and connect to each Network Slice at the same time. The drawbacks of this approach are, for example:
-
C-plane signalling overhead: Similar C-plane functions (e.g., mobility management) may exist in several Network Slices, and hence, leading to an increase of C-plane signalling overhead. One example is when a UE is moving across different topological/geographical areas, the new UE’s location information is to be updated to several mobility management functions that are located in different Network Slices.
-
Complexity: In a situation, where similar C-plane functions are available at different Network Slices, a conflict may occur. For example, when authorizing a UE to be attached to the base station, if two Network Slices have an authorization function, it is unclear whether authorization has to be done in both Network Slices or only performing an authorization of the UE once in one of the Network Slice is sufficient.
To avoid the above drawbacks, one can think of having a single set of C-Plane Functions of a Network Slice that is shared across multiple sets of U-Plane Functions of multiple Network Slices as depicted in Figure 5.x.x-1. In this example, the C-Plane Functions of Network Slice#1 (NS-1) is used to communicate with the multiple sets of U-Plane Functions of the Network Slice#1 (NS-1) and the Network Slice#2 (NS-2). 
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Figure 5.x.x-1 Sharing a set of C-plane functions of one Network Slice to accommodate multiple sets of U-plane functions of multiples Network Slices
The principles of the solution depicted in Figure 5.x.x-1 are described as following:

-
A Network Slice consists of a single set of C-Plane Functions and a single set of U-Plane Functions.

-
A Network Slice is dedicated for the UEs that are belonging to the same UE type. Identifying the UE type is done by using the UE Usage Type as specified in the Rel-13 Décor.

-
A set of C-Plane functions is responsible, for example, for supporting UE mobility if demanded or for admitting the UE into the network by performing authentication and subscription verification.

-
A set of U-Plane Functions in a Network Slice is responsible for providing a specific service to the UE and for transports the U-Plane data of the specific service. For example, one set of U-Plane functions in NS-1 provides an enhanced mobile broadband service to the UE, whereas another set of U-Plane functions in NS-2 provides a critical communication service to the UE.
-
When a UE first connects to the operator’s Network, a default Network Slice that matches to the UE Usage Type is assigned to the UE. 
-
Each UE can have multiple U-Plane connections to different sets of U-Plane Function that are available at different Network Slices simultaneously.

-
The Network Slice Selection Function (NSSF) is responsible for 

-  Selecting which Network Slice to accommodate the UE by taking into account the UE’s subscription and the UE Usage Type. 
-  Selecting which C-Plane Functions within the selected Network Slice that the Base Station should communicate with. This selection of C-Plane Functions is done by using the UE Usage Type.

-  Selecting which set of U-Plane Functions that the Base Station should establish the connection for transport U-Plane data of different services. This selection of U-plane Function is done by using the UE Usage Type and the Service Type.
Editor’s Note: Details of the Service Type whether to use existing parameters or new parameters is FFS.

* * * * End of changes * * * *
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