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Introduction
The study item (SI) on “Study of separation of NR Control Plane (CP) and User Plane (UP) for split option 2” [1] was approved at RAN #76 meeting. The technical work in RAN3 started in June 2017 at the RAN3 NR AH#2 meeting and concluded at the RAN3 #98 meeting and is documented in TR 38.806 [2]. In this contribution, we review the technical work carried out in RAN3 and we further discuss benefits of the separation of CP and user plane UP. 
This document is based on observations, derived from RAN3 conclusions of the study: 
(1) The definition of an open interface between CU-CP and CU-UP has proven to be feasible and beneficial, as highlighted in TR38.806 [2]; 
(2) Several functions and procedures including stage 3 details for an interface between CU-CP and CU-UP have already been fully described in TR38.806 [2]; 
(3) The work on this interface has no impact on the other interfaces for which RAN3 is responsible nor on the ongoing NR work item (WI) [3];
[bookmark: _Hlk500766389]We propose to start a new RAN3 WI, as presented in [4], aiming at specifying an open interface between CU-CP and CU-UP for split option 2 of NR as part of Release 15.
Discussion 
Work performed along the SI Objectives
In the following, we report on the objectives of the SID [1] and we analyse them considering the technical work that has been carried out in RAN3.
The first objective of the SI is defined as follows:
-	From TR 38.801, study the scenarios, the feasibility, and the benefits of the separation of the CU-CP (control plane instance of PDCP/RRC protocols) and the CU-UP (the user plane instance of PDCP (and SDAP) protocols).
-	Three scenarios for the separation of CU-CP and CU-UP have been identified and extensively discussed. The benefits and drawbacks of each scenario have been clarified. 
	It was concluded that all the scenarios can be considered as possible deployments with regards of their own benefits and drawbacks. 
The second objective of the SI is defined as follows.
-	Identifying details solutions e.g. introducing a standardised control plane interface between the CU-CP and CU-UP part of the gNB to enable the possibility of optimizing the physical location of different RAN functions based on the scenario and desired performance.
-	Two different solutions have been identified and discussed. The first solution is the separation of CU-CP and CU-UP by implementation. The second solution is the standardisation of an open interface including a dedicated application protocol and transport network layer. 
	It was concluded that the latter could facilitate multi-vendor(s) scenario and it is therefore to be considered the best alternative. 
The third objective of the SI is defined as follows:
-	Study the necessary protocol functions down to the procedure and message level related to the possible identified solutions e.g. a standardised control plane interface to enable set-up, modification, and release of the DRB related resources in the CU-UP, including handling of security keys in the CU-UP for RAN security activation and configuration. This also needs to take the agreed F1 interface general principle, and gNB-CU/DU architecture principle into account.
[bookmark: _Hlk500350161]-	The overall architecture and the cardinality of DU, CU-CP and CU-UP have been defined. 
-	The protocol stack and the general principles of the E1 interface between CU-CP and CU-UP have been clarified. 
-	The basic E1 functions have been specified and additional functions have been discussed. 
-	The main stage 2 procedures involving the E1 interface have been determined and show how the E1 interacts with other network interfaces (e.g., F1 and Xn). They also show that the separation of CU-CP and CU-UP introduces minimal impact (i.e., a few additional steps) with respect to the procedures in TS 38.401 [5]. 
-	The security activation and configuration have been discussed and no open issues have been identified.
	Pre-stage-2 and pre-stage-3 specification work has been performed, see TR 38.806 [2]. The separation of CP and UP has proven to be feasible and beneficial.
[bookmark: _Hlk500409425]Observation 1:		Based on the above considerations, we believe that the work on the CU-CP and CU-UP split in RAN3 has reached a sufficient level of maturity to consider that all the objectives of the study item have been successfully completed and that the study item can be closed.
Proposal 1	Confirm that all the objectives of the SI have been successfully fulfilled and the SI can be closed. 

On Continuing with normative work
The next question is whether to proceed to normative work to specify an open interface between CU-CP and CU-UP (i.e., an open E1 interface). The following conclusions for the SI have been agreed and captured in TR 38.806 [2].
· During the study item, it was recognized that the separation of CU-CP and CU-UP within the gNB based on the introduction of a new interface is technically feasible and beneficial. 
· Three scenarios of gNB internal architecture were identified and all the scenarios can be considered as possible deployments with regards to their own benefits and drawbacks. 
· The general architecture and principles have been defined. Furthermore, the CU-CP and CU-UP interface functions, protocol stack and overall procedures have been described, including stage 3 aspects. 
· Some details are to be solved during the normative work including the introduction of additional interface functions, associated mechanisms, security aspects (including check with SA3) and the data forwarding between CU-UPs.
· These conclusions highlight that the separation of CU-CP and CU-UP with an open interface is feasible and beneficial. 
· They also clarify that a substantial amount of specification work for such interface has already been carried out in RAN3. 
In addition, the current NG-RAN architecture in TS 38.401 [5] already foresees the possibility that a gNB-CU can be separated in CU-CP and CU-UP. The following text is taken from TS 38.470 [5]:
· The gNB-CU may be separated in control plane (CP) and user plane (UP).
· The design of the F1 interface between gNB-CU and gNB-DU and the corresponding mechanisms are already designed to enable the separation of CU-CP and CU-UP. 
Observation 2:		The F1 interface design is based on the principle that CU-CP and CU-UP can be separated. This implies that the introduction of an open E1 interface does not affect the ongoing work on the interfaces for which RAN3 is responsible.  
In general, the E1 interface specification does not affect the progress on the NR WI to be finalized in June 2018. Therefore, we believe that it would be beneficial to define a new work item aimed at specifying an open interface between CU-CP and CU-UP of NR, based on the E1 interface defined in TR 38.806 [2].
Proposal 2	Define a new WI with the objective of specifying an open interface between CU-CP and CU-UP of NR, based on the E1 interface defined in TR 38.806 [2]. A WI description is provided in RP-172309.

Further reflections on benefits of CP-UP separation
In this subclause, we further discuss the benefits of specifying an open E1 interface between CU-CP and CU-UP from a network operator perspective. From an operator and system point of view there are considerable benefits from specifying the E1 interface:
1) With the Option 2 CU/DU split, the operator needs flexibility as to where to place the User Plane (PDCP/encryption) functionality. 
a) For UEs using multi-site dual connectivity, there are transmission capacity/cost and latency benefits from placing the UP functionality ‘high’ up in the network; while
b) for UEs requiring ultra-low latency (e.g. factory automation) and/or EDGE computing (see LS from SA2 in S2-178185) the UP functionality needs to be located very close to (or at) the base station (DU) site.
c) Base stations (gNBs) need to serve a mixture of UEs and there is widespread agreement that a gNB only has one CP entity. This one CP entity cannot be collocated with BOTH UP functions at DU site AND UP functions high up in the network! 
d) An interface between CP and UP entity is needed in one or both cases!
2) Operators want flexibility as to where to place the CP function:
a) Placing the CP entity ‘high up’ in the network allows multi-site coordination to be performed, which has the potential to achieve enhanced radio performance.
b) [bookmark: _GoBack]Both approaches (centralized and distributed CP) have their advantages (and disadvantages) but both need a CP-UP interface in order to support the necessary flexibility in the location of the UP functions.
c) Note: locating the CP entity at the DU site also provides small control latency improvements compared to having the CP entity located at the central UP site.
3) Independent scalability of Control Plane and User Plane functions is a key operator requirement. Independent scaling and realization for control and user plane functions operation enables cost efficiencies in hardware sizing requirements.
4) The E1 interface functionality is relatively simple (c.f. less complex than the S1 interface in EPS), and can enable the transmission cost and user plane latency benefits of the option 2 CU/DU user plane split to be properly utilised. Hence it has a good chance of being commercially useful to operators.
5) Overall though, it is important to remember that Release 15 has a very strong focus on ultra-low user plane latency. When using the option 2 CU/DU user plane split, the interface between CP and UP function is ESSENTIAL in allowing the RAN to deliver ultra-low latency.
6) The E1 interface offers flexibility to operate and manage complex networks, supporting different network topologies, resources, and new service requirements.
7) The separation of CP and UP enables the alignment with the SDN concept that would result in a functional decomposition of the radio access, based on a partial de-coupled architecture, between user and control plane entities and on network abstractions.
8) The E1 interface favors the support of multi-vendor interoperability (e.g., CU-CP and CU-UP could be provided by different vendors).
9) [bookmark: _Hlk500766498]The E1 interface establishes architecture fundamentals to allow traffic aggregation from NR transmission points to eventually be centralized. The gNB deployment with separate CU-CP and CU-UP provides the possibility of optimizing the location of different RAN functions based on the scenario and desired performance. For example, the CU-CP could be placed in a location close to the DU to provide short latency for the critical CP procedures. The CU-UP could be centralized in a regional or national data center, thus favoring cloud implementation. An additional CU-UP could be also placed closer to the DU to provide a local termination point for [...] URLLC traffic.  
10) An additional of advantage of the E1 interface is the support for radio resource isolation and the potential of improving resource utilization for network slicing. A slicing instance may cover a geographic area of several ten to several hundred of gNBs. Central RRM may provide slice-level isolation as well as improve resource utilization 
11) In certain deployments (e.g. cable networks), depending on the placement of CUs and DUs, the “control-plane” signalling may be employed using constrained links (e.g. DOCSIS) whereas the “user-plane” signalling may be employed using non-constrained links (e.g. Fiber). Such cases could benefit from not only the separation of CP and UP parts of the CU but also from a standardized interface.
12) Moreover, URLLC use-cases (in scope of Rel-15) can also benefit from having a CP-UP separation modelled along scenarios mentioned TR 38.806 clause 6. For lowest latency internet access, “option 2” (ala F1-based split) requires that the CU-User Plane is collocated with the UPFs. This location for the CU-User plane is not considered suitable for lowest latency Edge Computing cases. Also, in the case where a single UE has different PDU connections with drastically different QoS (and associated) requirements e.g., a eMBB PDU session and a URLLC PDU session, restricting the location of user-plane function(s) for one PDU session due to limitations of another PDU session is not advisable. Hence, different PDU connections for one UE, and, different PDU connections for different UEs may need different locations for their CU-UP functionality. Per RAN3 agreements, a DU can only be controlled by one CU(-CP). Hence, there is a need for some CU-UPs to be physically separate from the CU-CP, and connected via a standardized interface.
13) Since 5G mobile operators want to deploy and operate fully virtualised and scalable edge RAN system along with NFV-based core system from the initial 5G network phase, the CP-UP separation of CU with open E1 interface will play a crucial role for achieving this goal.
Observation 3:	Several benefits of an open E1 interface between CU-CP and CU-UP have been identified, from an operator and system perspective. 
Conclusion
In this contribution, we summarized the work carried out during the study item (SI) on “Separation of CP and UP for split option 2 of NR”. We also analysed the conclusions and further discussed the importance of defining an open interface between CP and UP.  
Observation 1:		Based on the above considerations, we believe that the work on the CU-CP and CU-UP split in RAN3 has reached a sufficient level of maturity to consider that all the objectives of the study item have been successfully completed and that the study item can be closed.
Observation 2:		The F1 interface design is based on the principle that CU-CP and CU-UP can be separated. This implies that the introduction of an open E1 interface does not affect the ongoing work on the interfaces for which RAN3 is responsible.  
[bookmark: _In-sequence_SDU_delivery]Observation 3:	Several benefits of an open E1 interface between CU-CP and CU-UP have been identified, from an operator and system perspective. 
Proposal 1	Confirm that all the objectives of the SI have been successfully fulfilled and the SI can be closed. 
Proposal 2	Define a new WI with the objective of specifying an open interface between CU-CP and CU-UP of NR, based on the E1 interface defined in TR 38.806 [2]. A WI description is provided in RP-172309.
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