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Introduction
One of the architecture requirements for the development of the Next Generation Access Technologies (referred to as 5G New Radio, NR) as well as the 5G end-to-end system is the separation of the control plane (CP) and user plane (UP). Together with deployment scenarios and uses cases, the CP/UP separation requirement was included in [2] as follows:
· “The RAN architecture shall allow for C-plane/U-plane separation.”
Such a logical separation was proposed by companies initially at the “WS on 5G” in September 2015, and further details were provided, e.g. in [1], by Deutsche Telekom and other operators. At RAN2#93bis this aspect was briefly discussed (see [3][4] for details) but no conclusion was reached.  
In this contribution we express our view that a functional separation between the CP and UP be considered for NR that goes beyond the support for dual connectivity. Such a separation builds upon a new standardized interface between CP and UP whereas the separation of certain CP functionalities can be introduced in a phased way, giving higher priority to less delay sensitive CP functionalities in Rel-15. 
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Functional Separation of CP and UP

Next Generation networks will see an increasing use of very dense deployments where user terminals will be able to connect to multiple transmission points (TPs) simultaneously. Within such network the control of TPs benefits from a logical integration with the control of other transmission points, both in improving the radio performance with a common implementation of multi-connectivity, joint transmission/reception, and interference coordination, and by allowing the UE to move seamlessly from TP to TP. A centralization of CP functions is broadly beneficial, but in practice the benefit of the centralization needs to be traded off against the latency sensitivity of different CP functions given the expected transport delays. 
A logical separation between CP and UP functions therefore provides the flexibility to operate and manage complex networks, allowing rapid adaptation to different network topologies and new service requirements. This split between CP and UP functions is the essence of the Software-Defined Network (SDN) principle. 

1. CP/UP separation for NR should consist of a functional split between CP functions and UP functions.

Identification of CP functions

Until now the RAN3 discussion on functional splits have focussed mainly on the UP protocol stack [9]. RRC is sometimes placed at the top of the stack, but the RRM CP functions that manage the radio resources have not been clearly identified. 
It is proposed that RAN2 is also involved in identifying CP functions. As a starting point, the functions currently listed in [9] might be augmented with the RRM functionalities defined in [10] so that LTE RRM functions can be reviewed and re-used for NR when appropriate.
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When identifying CP functionalities it is worthwhile grouping these into different logical sets based on different performance requirements, how the functions are distributed across the networks, and transport delays. The following criteria can be used to identify and group the CP functions:
· Latency: it gives an indication of delay tolerance that can be allowed to perform certain CP functions. For example, RRC and SON-related functionalities (mobility control, load balancing, broadcast info, inter-cell interference coordination, etc.) might tolerate delays ranging from several ms to seconds, whereas other functions need to act synchronously with the TTI and therefore require much faster responses. The latter functions are sometimes referred to a “synchronous” CP functions. 
· Network vs user-specific: it should be possible to distinguish between common CP functions and the ones dedicated to single users. For example, load balancing between different cells/technologies, system information broadcast, and admission control can be considered as network-specific functionalities. As another example, user-specific functionalities could include multi-connectivity control, mobility control and measurements, positioning, network slicing and QoS control, and so on.
· RAT-specific: CP functionalities might differ if different RATs (LTE, NR) are considered and this might also be extended to interworking with non-3GPP technologies.  
Control functions should be grouped based on latency requirements, on network and user-specific control, and on selected RAT.



CP/UP interface in NR RAN architecture

Figure 1 below shows a potential radio access architecture for NR, highlighting the functional separation between CP and UP. The functional split between CP and UP also raises the issue of whether or not an open interface between CP and UP needs to be standardized. 
Our view is that an open standardized interface is instrumental to fully realizing the functional decomposition between CP and UP, considering that through the use of Network Function Virtualization (NFV) CP and UP functionalities might either be located in different physical locations, or be logically separated in the same location. RAN2 and RAN3 are expected to define and separate CP and UP functionalities whereas it will be RAN3’s task to evaluate the benefits of a standardized interface against complexity and transport requirements for the identified CP functionalities.

The interface between CP and UP shall be standardized and open. Further, coordination between RAN2 and RAN3 is needed to progress on the functional split between CP and UP.
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Figure 1: NR Function Split between Control Plane and User Plane with interface “NG-CP/UP”  

For a complete CP/UP split, the separation of synchronous CP functions, like the scheduler, will be challenged both by the tight timing constraints and the diverse interactions required with other functions to ensure high performance. Exactly how this can be achieved is an area of active research [5,6,7,8] and different possibilities exist for the implementation of delay-sensitive CP functions. For example, an inter-cell coordination control function might simply provide scheduling decisions that allocate specific resource blocks to specific UEs with a given MCS, taking advantage of globally optimised view that coordinates the interference within a given area. 
Given these challenges and uncertainties, as well as the shortened time available to complete the Rel-15 specifications, we propose that the CP/UP separation within Rel-15 addresses functions with less stringent delay requirements whereas the extension to synchronous functions is left to a subsequent release.  
NR CP/UP separation is introduced in a phased way: Rel-15 should target less delay-sensitive CP functions, e.g. RRC, whereas separation of synchronous CP functions is left for further releases.
	
Conclusion
This contribution has addressed the CP/UP separation, and the following proposals give some guidelines as to how this requirement can be addressed in the ongoing SI for NR:

1. CP/UP separation for NR should consist of a functional split between CP functions and UP functions.
RAN2 & RAN3 will identify the CP functions. The functions defined for the current LTE architecture can be reused as the initial basis for NR. 
CP functions should be grouped based on latency requirements, on network and user-specific control, and on selected RAT.
The interface between CP and UP shall be standardized and open. Further, coordination between RAN2 and RAN3 is needed to progress on the functional split between CP and UP.
NR CP/UP separation is introduced in phased way: Rel-15 should target less delay-sensitive CP functions, e.g. RRC, whereas separation of synchronous CP functions is left for further releases.
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