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Abstract of the contribution: This contribution describes the architecture considerations when placing the control plane and user plane in the actual network deployment.
Background
This contribution examines the various deployment scenarios for mobile network which supports variety types of services with conflicting resources and performance objectives.  It implies the architectural design of the CUPS must support flexible placement of the control plane and user plane in the network. 
Discussions
The following architecture diagram highlights the key EPC functions and their respective interfaces which are the focus of this study. 
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Figure 1: Key EPC Functions and their corresponding interfaces for the study in CUPS

Key categories of functions across P-GW, S-GW and TDF

According to TS 23.401, we can categorize the main key functions are:

(1) Connection/Connectivity Management 

Signaling support for UE attachment and detachment as well as mobility handover. 

(2) User Plane Resource Management 

Supporting bearer management such as assigning bearer parameters (e.g. TEIDs), steering policy management and IP address management. 
(3) Bearer Management Support 
Mapping S1-U bearer to S5/S8 bearer and vice versa, as well as mapping S-Gi traffic to S5/S8 bearer, and providing enforcement according to UE’s QoS policy, traffic management policy (i.e. policing and shaping), supporting packet filtering and traffic steering and to provide GTP signalling support for IP flow mobility, security provisioning and traffic aggregation support.  
(4) IP Flow Mobility and Power Saving support

(5) User Plane Packet Forwarding over 3GPP and non-3GPP accesses according to Routing Rule 

(6) Charging Control for both Online and Offline
Among these 6 categories of functions described above, most likely, (1) and (2) are part of the control plane; whereas, (3), (4), (5) and (6) are part of the user plane. 
Options for control plane and user plane placement in the network
Once the functional partitioning between the user plane and control plane are determined, the next important consideration would be about their placement within the network – i.e. centralized vs. distributed.  
The centralized approach implies the placement of the control plane or user plane in the data center (i.e. operator’s cloud).  
The distributed approach implies the placement of the control plane or user plane at the cell edge which is closer to the transport network element and in fact, they may be integrated into the same equipment.  

This document would argue that, CUPS’ architecture design to support flexible placement options are needed due to the following considerations.   
Three placement models for the control plane and user plane within the operator’s network are considered: 

Model-1: Fully centralized model (i.e. centralized control plane to control the centralized user plane)
Model-2: Centralized control plane to control the distributed user plane 
Model-3: Hybrid mixed of centralized and distributed placements which support both Model-1 and Model-2, and, if appropriate, allowing the control plane to be co-located with the user plane at the cell edge
1. When comparing Model-1 against today legacy mobile network configuration, it still provides significant benefits because of the following reasons: 

· The control plane and the user plane functions are now able to have flexible dimensioning and scale independently, and hence, more optimal processing and resource utilization
· It is more easier to leverage the existing reliability operation model and security practice to support in-service upgrade and disaster recovery
· Model-1 is more cost effective when serving eMBB services of which the application servers are tightly coupled with mobile subscription policy and control (e.g. deep packet inspection). Also, it could be more cost effective for serving a very large rural area with loose population.    
However, for the services that have very tight delay budget which require the user plane and possible also the signalling plane to be closed to the users (e.g. CIoT applications),  Model-1 will not be able to support such services.   Model-1 also would not be effective to the services that have the high volume of regional traffic. 

2. Model-2 will be able to support the network services that have tight delay budget on user traffic, but more relax performance of the control signalling (e.g. VoLTE).  For this type of service, the centralized control plane would provide better holistic view of the network resources utilization and hence, better resource management and better performance for the user plane.  
However, for the network services with user plane traffic that have heavy dependency on the response time of the control plane (e.g. CIoT, Real Time Video Gaming), Model-2 would not be able to keep up with these kind of services. 
3. Model-3 implies the mixed of placement of the user plane and control plane functions which are used to support variety types of service applications to meet their respective performance requirements.   The key issue with Model-3 is that, it will introduce more overheads of the network functions’ states synchronization, and also introduce more complex design to the network architecture, reliability and security. 
Conclusions
Based on the considerations above, it is clear that, there could not be one size fit all placement of the control plane and user plane functions in the network to support variety types of services.  To support multiple services that demand conflicting network requirements and resources, separate logical networks would be needed to meet the performance objectives.  Never-the-less, the to-be-determined architecture for CUPS must be flexible enough to allow different placement of the control plane and user plane functions in the network in order to be effective to support different types of services for the given UE. 
3GPP

SA WG2 TD


