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Discussion and Decision
1      Introduction
In the present contribution we discuss various RAN2/RAN3 aspects of C-plane/U-plane separation, following the amendment to “requirements for architecture and migration of next generation radio access technologies” of TR 38.913 [1], specifically “the RAN architecture should allow for C-plane/U-plane separation”.  
2      Discussion
2.1     Potential benefits
C-plane/U-plane separation is a well-known concepts which originates from wired communications. C-plane/U-plane separation brings many benefits, including a consolidated C-plane which has  a global view of the network, provides northbound interface towards the service domain, and makes network view per service a reality. Second C-plane/U-plane separation simplifies U-plane which becomes configurable and programmable. Third C-plane/U-plane separation is “virtualization friendly” (especially the C-plane). Last but not least, it makes network slicing isolation and resource sharing easier and accelerates rollout of new services. 
Observation 1, C-plane/U-plane separation in RAN likely allows independent scaling of U-plane and C-plane, facilitates consolidation, helps virtualization of C-plane, improves programmability of U-plane, enables network slicing, improves mobility management and load balancing, and enables advanced air interface cooperation.
2.2     Scope of C/U plane separation study
Since the protocol stack, the CN and all the interfaces of the next generation network are yet to be defined, we will use LTE terminology in the section, with the understanding that the conclusions apply to their equivalents in the next generation network. 

It is reasonable to assume that, similarly to LTE, the next generation RRC must to be consolidated in the central C-plane [2], by means of which, setup, modification and removal of UE’s radio bearers (RB) is centralized. Central RRC inherently implies the following aspects.

- From an end-to-end perspective, RB is part of EUTRAN radio access bearer (E-RAB) and the latter is a segment of EPS bearer. The centralization of RB management naturally requires the centralization of E-RAB management, i.e. the C-plane of backhaul towards CN, to be specific, MME in LTE.

- Considering that the C-plane of backhaul should be centralized, then how the U-plane of backhaul (e.g. S1-U in LTE) is terminated should be clarified. There are at least two options, the termination point of S1-U is co-located with the C-plane, or it resides in a different location. Moreover, the U-plane of backhaul is not necessarily centralized, as far as the support of ultra low latency communications and edge computing is concerned. Therefore, it’s worth studying the C-plane/U-plane separation of backhaul, other than air interface.

Additionally, the study item on the next generation access network [3] proposes to study transport, configuration of the interface between a ‘central unit’ and a ‘distributed unit’, which is also referred to as fronthaul in the literature. Fronthaul aspects are described in a separate contribution [4]. In the context of the present contribution we would only like to point out that considering the support of flexible architectural split, dynamic binding of distributed units and computational elements in the central unit, etc., it’s worth studying the C-plane/U-plane separation of fronthaul.
Proposal 1, study of C-plane/U-plane separation should cover air interface, RAN-CN interface and fronthaul interface.

The proposal above pretty much suggests to follow the LTE architecture with regards to c-plane/c-plane split with one additional consideration of the fronthaul interface. Therefore, the work on c-plane/u-plan separation spans at least RAN2 and RAN3 working groups. It may not be a separate feature in itself, but rather a requirement for multiple other features to study and standardize.
2.3     Signaling between C-plane and U-plane
The study of the c-plane/u-plane separation would be incomplete without covering the interaction between the two. In the context of the air interface, interaction between RRC and u-plane needs to be studied and standardized. In the context of the RAN-CN interface, the same applies to the next generation equivalents of S1-U and S1-MME.

Additionally, it may be beneficial to consider c-plane/u-plane separation within the RAN (e.g. by applying SDN concepts in RAN) and subsequently interactions between RAN c-plane and u-plane entities, if these are separate. 

Proposal 2, study of C-plane/U-plane separation should consider interaction between U-plane and C-plane.
2.4     Variants adapted to transport and service requirement
The next generation networks should cater to different deployment scenarios, ranging from mobile broadband, to massive MTC to mission critical MTC. It is possible that these different scenarios will require different architectures with different considerations on the c-plane/u-plane split. Additionally, the next generation networks are likely to use different transport network options, ranging from fiber, and microwave to other technologies. These may also impose additional restrictions on the RAN architecture in general (as argued in [4]) and should be taken into account during the study.As a result, one option of C-plane/U-plane separation is unlikely to cater for all services and transports. Variants addressing some extreme cases are described below.

- For transport with limited bandwidth, a centralized unit may accommodate only C-plane while the whole U-plane of air interface may reside on a RU.

- For ultra reliable and low latency communications, C-plane may be split into two parts, i.e. real-time (RT) RRC residing on remote unit and non-RT RRC residing on central unit. The whole U-plane of air interface may be located on remote unit to optimize end-to-end latency.

Proposal 3, due to the characteristics of transport and traffic, different options for C-plane/U-plane separation should be considered.

2.5     Relation to network slicing 

In wired communications, northbound interface was defined between C-plane and the service domain to realize service-dependent customization, or network view per service. To support network slicing, northbound interface between C-plane and the service domain may be defined to customize air interface or backhaul, e.g. selection of efficient U-plane paths.  

Observation 2: interface may be defined between C-plane and the service domain to facilitate service-dependent customization.

3      Conclusions and Proposals
The following observations and proposals are made:
Observation 1, C-plane/U-plane separation in RAN likely allows independent scaling of U-plane and C-plane, facilitates consolidation, helps virtualization of C-plane, improves programmability of U-plane, enables network slicing, improves mobility management and load balancing, and enables advanced air interface cooperation.
Observation 2: interface may be defined between C-plane and the service domain to facilitate service-dependent customization.

Proposal 1, study of C-plane/U-plane separation should take air interface, backhaul and fronthaul into account.
Proposal 2, study of C-plane/U-plane separation should include the management of U-plane by C-plane.

Proposal 3, due to the characteristic of transport and traffic, different options for C-plane/U-plane separation should be allowed.
Above proposals can be illustrated as shown in Fig. 1, where each function could reside in either CU or RU.
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Fig. 1 Block diagram (logical) for C-plane/U-plane separation
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