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1  Introduction
In RAN #76 meeting, the study item on separation of CP and UP for high level functional split (centralized RRC/PDCP and distributed RLC/MAC/PHY) was approved [1], which captured the following objectives.
· Study the scenarios, feasibility and benefits of separation of CU-CP and CU-UP,
· Identify details solutions, e.g. introducing a standardized 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,
· Study the necessary protocol functions down to the procedure and message level related to the possible identified solutions, e.g. a standardized 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.
In the present contribution we discuss issues regarding scenarios, benefits, architecture, functions and interface of separation of CP and UP for high level functional split, and provide a text proposal to be captured in the SI TR (to be allocated).
2  Scenarios and benefits of CP/UP separation
Previous discussions (e.g. [2]) identified several scenarios that may benefit from CP/UP separation, namely 
· Flexible deployment of CU-CP to meet different requirements in terms of CP latency. For example, placing CU-CP in a location close to DU or even co-located with DU to provide short latency for the critical CP procedures.
· Flexible deployment of CU-UP to balance between resource consolidation/virtualization and performance. For example, centralizing CU-UP in a regional or national data center or placing CU-UP closer to DU for URLLC traffic.
Separation of CP and UP may bring other benefits, such as
· Central RRM to offer radio resource isolation and improve resource utilization for network slicing. A slicing instance may cover a geographic area of several ten to several hundred gNB’s. Central RRM including admission control, load balancing etc. could provide slice-level rather than gNB-level isolation as well as improve resource utilization [3].
· Central CP to serve as the appropriate service point of provisioning northbound APIs to verticals. SA6 launched the study on common API framework for 3GPP northbound APIs [4], targeted at the core network. From an end-to-end perspective, northbound APIs offered by RAN, such as RAN capability exposure, customization of RRC (e.g. disabling mobility for massive MTC to save power) etc. will be crucial for the fulfilment of network-wide QoS/SLAs. Separation of CP/UP is likely to provide a future-proof and secure architecture (i.e. single point of exposure to the verticals, easy to be reinforced/upgraded to cope with cyber threads that were not known when deployed) as far as the northbound interface is concerned.
Observation 1: Separation of CP/UP may facilitate flexible deployment of CU-CP or CU-UP, and build a future-proof architecture to facilitate features such as network slicing and northbound APIs.
3  Architecture with CP/UP separation
The overall architecture is depicted in Figure 1. It’s proposed to capture Figure 1 in TR 38.xyz as a baseline block diagram. 
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Figure 1 overall RAN architecture with CP/UP separation

NOTE1: in the present paper we use the term “gNB” as it is currently used in RAN3 specifications. If, the ongoing separate discussion on NG-RAN network nodes definition results in other agreements, the proposals in this paper may need to be adopted accordingly. Nevertheless, we suggest to focus the present discussion on the control/user plane separation and treat the network nodes definition issue separately.
NOTE2: in the present paper we do not address the issue of terminating the NG-C/U interfaces, as it is being discussed separately. The text below may need to be revised once the other ongoing discussion on NG interface termination point concludes.
A gNB-CU may consist of a gNB-CU-CP, the control plane of the gNB-CU and a gNB-CU-UP, the user plane of the gNB-CU.

The gNB-CU-CP is connected to the gNB-DU through the F1-C interface.

The gNB-CU-UP is connected to the gNB-DU through the F1-U interface.

The gNB-CU-UP is connected to the gNB-CU-CP through the E1 interface.
To comply with the principle that one gNB-DU is connected to only one gNB-CU [5], a gNB-DU is connected to only one gNB-CU-CP accordingly.
A gNB-CU-UP is connected to only one gNB-CU-CP, while a gNB-CU-CP may be connected to multiple gNB-CU-UPs.

Proposal 1: it is proposed to capture in the TR the diagram illustrating a RAN architecture with CP/UP separation consisting of gNB-DU, gNB-CU-CP and gNB-CU-UP, in which the gNB-CU-CP is connected to the gNB-CU-UP via the E1 interface.

Proposal 2: a gNB-DU is connected to only one gNB-CU-CP. A gNB-CU-UP is connected to only one gNB-CU-CP while a gNB-CU-CP may be connected to multiple gNB-CU-UPs.

Above principles of CP/UP separation impose the following requirements on F1.

· F1-C originating from a gNB-DU shall be terminated in a single CU control-plane entity.
· F1-U originating from a gNB-DU can be terminated to different CU user-plane entities. Or equivalently, multiple destination transport network addresses can be assigned to the logical F1-U interface from gNB-DU’s perspective. 

As RAN3 have agreed that F1 design should not preclude CP/UP separation (standardized or not), we believe that the above principles shall be observed in the F1 design, regardless of the conclusions of the present study of the CP/UP separation.
Proposal 3: F1 design shall comply with the following principles: F1-C originating from a gNB-DU shall be terminated to a single CU control-plane entity. F1-U originating from a gNB-DU can be terminated to different CU user-plane entities.

3.1 Identities of CU-CP and CU-UP

As it has been agreed that the CU/DU split is not visible outside of RAN, we think that similar principle shall be followed for the CP/UP separation, that is – gNB-CU-CP and gNB-CU-UP are not visible to external network nodes outside of RAN. Therefore, there is no need to define a global gNB-CU-UP identifier.
Observation 2: following similar principle as the one agreed for CU/DU split, CP/UP separation shall not be visible outside of RAN and therefore there is no need to define a global gNB-CU-CP/gNB-CU-UP identifier.
Nevertheless, there is a need to uniquely identify the UE over the E1 interface within the gNB-CU-CP and the gNB-CU-UP. Therefore, it is proposed to define a gNB-CU UE E1AP ID for this purpose.
Proposal 4: it is proposed to define a gNB-CU UE E1AP ID to uniquely identify the UE over the E1 interface.     
4  Functions of CU-CP and CU-UP

It’s easy to conclude that gNB-CU-UP shall host SDAP and PDCP of DRB’s (referred to as PDCP-U), while CU-CP shall host RRC. 

PDCP (aka PDCP-C) of SRB’s may either reside in gNB-CU-UP or gNB-CU-CP. If PDCP-C is placed in gNB-CU-CP, the latency during transfer of RRC messages may be reduced, however the pooling gain of PDCP may be lost. If placed in gNB-CU-UP, gNB-CU-CP is simplified and becomes a pure control plane. The downside is that latency of transferring RRC messages may increase. The pros and cons of both options may need further discussions.
Proposal 5: gNB-CU-CP hosts RRC, and gNB-CU-UP hosts SDAP and PDCP of DRBs. Whether PDCP-C reside in gNB-CU-UP or gNB-CU-CP is FFS. 

CU-UP hosts the following functions identified in TS 38.300 [6].

· IP header compression, encryption of user data stream and integrity protection;
· Routing of User Plane data towards UPF(s);
· Transport level packet marking in the uplink;
· Dual Connectivity;

· Tight interworking between NR and E-UTRA.
CU-CP hosts the rest on the function list of gNB identified in Section 4.2 of TS 38.300 [6], plus dual connectivity and tight interworking between NR and E-UTRA.

5  Interface between CU-CP and CU-UP
In [1], the interface between CU-CP and CU-UP is named as E1. We don’t oppose to this naming approach, but would like to point out that E1 has been designated as a line date rate of 2.048Mbits/s for digital transmission of many simultaneous telephone calls by time-division multiplexing. Therefore, it may be worth considering an alternative name. We hope that RAN3 does not spend too much time on this discussion.
5.1  E1 functions

E1 shall be a control plane interface consisting of the following functions.

· GTP-U tunnel management function. This function is used to establish and release GTP-U tunnels between gNB-CU-UP and 5GC, as well as gNB-CU-UP and gNB-DU upon a bearer service request.
· E1 interface management function. An error indication function could be used by the gNB-CU-CP or gNB-CU-UP to indicate to the gNB-CU-CP or gNB-CU-UP that an error has occurred. An E1 setup function could be employed to exchange (respectively update) application level data needed for the gNB-CU-CP and gNB-CU-UP to interoperate correctly on the E1 interface. A reset function could be used to initialize PDCP-U or GTP-U entity after node setup or after any failure events.
· E1 UE context management function. The function should support the establishment, modification and release of the necessary overall initial UE context. 
· Bearer management function. This function is responsible for triggering establishing, modifying and releasing radio bearer resources (i.e. PDCP-U) for user data transport. If the PDCP of SRB are placed in CU-UP, establishment, modification and release of PDCP-C are also included.
· Transfer of RRC messages. The function is present if the PDCP of SRB are placed in CU-UP. 

Observation 3: E1 shall be a control plane interface only.

Proposal 6: it is proposed to define E1-AP to implement functions including GTP-U tunnel management, E1 interface management, E1 UE context management, bearer management and other functions to be identified later.
5.2  E1 interface protocols
To be consistent with NG-C and F1-C, SCTP should be an appropriate choice for E1. Figure 2 shows the protocol stack  
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Figure 2 E1 protocol stack
Proposal 7: it is proposed to adopt SCTP for E1 interface.
6  Conclusions and Proposals
Observation 1: Separation of CP/UP may facilitate flexible deployment of CU-CP or CU-UP, and build a future-proof architecture to facilitate features such as network slicing and northbound APIs.
Observation 2: following similar principle as the one agreed for CU/DU split, CP/UP separation shall not be visible outside of RAN and therefore there is no need to define a global gNB-CU-CP/gNB-CU-UP identifier.
Observation 3: E1 shall be a control plane interface only.
Proposal 1: it is proposed to capture in the TR the diagram illustrating a RAN architecture with CP/UP separation consisting of gNB-DU, gNB-CU-CP and gNB-CU-UP, in which the gNB-CU-CP is connected to the gNB-CU-UP via the E1 interface.

Proposal 2: a gNB-DU is connected to only one gNB-CU-CP. A gNB-CU-UP is connected to only one gNB-CU-CP while a gNB-CU-CP may be connected to multiple gNB-CU-UPs.

Proposal 3: F1 design shall comply with the following principles: F1-C originating from a gNB-DU shall be terminated to a single CU control-plane entity. F1-U originating from a gNB-DU can be terminated to different CU user-plane entities.
Proposal 4: it is proposed to define a gNB-CU UE E1AP ID to uniquely identify the UE over the E1 interface.
Proposal 5: gNB-CU-CP hosts RRC, and gNB-CU-UP hosts SDAP and PDCP of DRBs. Whether PDCP-C reside in gNB-CU-UP or gNB-CU-CP is FFS. 
Proposal 6: it is proposed to define E1-AP to implement functions including GTP-U tunnel management, E1 interface management, E1 UE context management, bearer management and other functions to be identified later.
Proposal 7: it is proposed to adopt SCTP for E1 interface.
A text proposal for the TR 38.xyz is provided in [7].
References
[1] RP-171421, “New SID on separation of CP and UP for split option 2”, Ericsson
[2] R3-171725, “separation of CP and UP”, Ericsson, AT&T, Vodafone.
[3] “CellSlice: Cellular wireless resource slicing for active RAN sharing”, Ravi Kokku, Rajesh Mahindra et al., 2013 Fifth International Conference on Communication Systems and Networks.
[4] SP-170405, “Revised SID on Common API Framework for 3GPP Northbound APIs”, Samsung.
[5] TS38.401, “NG RAN; Architecture description”

[6] TS 38.300, “NR and NG-RAN Overall Description; Stage 2”
[7] R3-172286, TP for general principles of separation of CP and UP for high level functional split, Intel Corporation
5

_1559115467.vsd
F1-U


E1


gNB-CU


F1-C


gNB-DU


gNB-CU-CP


gNB-CU-UP



_1558970268.doc


Control Plane







Radio �Network�Layer







TransportNetworkLayer







E1AP







Physical layer







Data link layer







IP







SCTP












