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1. Introduction
The different types of logical node and naming for the eNB CP-UP separation was discussed during RAN3#111-e. In R3-210976 [1], the summary of the offline discussion was presented. This paper tried to have further discussions on the remaining open issues on naming and definitions, TP was also proposed.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
The following was excerpted from the chairnotes of RAN3#111-e, from which we could see that whether more discussions are needed for the introduction of new logical entities and corresponding definitions, the rest of the paper, based on possible deployment scenarios, tries to have further discussions on the necessity of introducing new logical entities and there definitions.
Reuse the existing E1 series of protocols for the new interface
Introduce the following logical entity: ng-eNB-CU-CP, ng-eNB-CU-UP
Adopt the general principles for E1 interface to the new interface.
Support the following three functions: interface management, bearer context management and TEIDs allocation.

Continue to discuss whether to introduce the following logical entity: eNB-UP/eNB-CP or eNB*, ng-eNB-CP/ng-eNB-UP
Continue to discuss the definition of the logical entities to be introduced, E1 will be taken as baseline
Whether NR PDCP could be used for both legacy case (eNB connection to EPC) and NG-RAN case (eNB connecting to NGC)
Continue to discuss if any new functions need to be introduced
 To be continued...
3. Discussion
The WI scope indicates that the CP-UP separation interface for both eNB and ng-eNB will be specified. During the last meeting, two scenario were discussed:
· Scenario 1: ng-eNB connecting with 5GC.
The group agreed to reuse the existing E1 series of protocols for the new interface. Since we have definitions for gNB-CU-CP and gNB-CU-UP, similarly we should introduce definitions for ng-eNB-CU-CP and ng-eNB-CU-UP, and take TS 38.401 as baseline. The following show the examples: 
ng-eNB-CU-Control Plane (ng-eNB-CU-CP): a logical node hosting the RRC and the control plane part of the PDCP protocol of the ng-eNB-CU for an ng-eNB. The ng-eNB-CU-CP terminates the E1 interface connected with the ng-eNB-CU-UP and the W1-C interface connected with the ng-eNB-DU.
ng-eNB-CU-User Plane (ng-eNB-CU-UP): a logical node hosting the user plane part of the PDCP protocol and the SDAP protocol of the ng-eNB-CU for an ng-eNB. The ng-eNB-CU-UP terminates the E1 interface connected with the ng-eNB-CU-CP and the W1-U interface connected with the ng-eNB-DU.
Since the ng-eNB is a type of NG-RAN node, and the split architecture of NG-RAN is already specified in TS 38.401, we propose to capture the above definitions in TS 38.401.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]Capture the definition of ng-eNB-CU-CP and ng-eNB-CU-UP in TS 38.401.
In addition, for the ng-eNB connecting with 5GC case, in real deployment scenario, the ng-eNB-CU-CP and ng-eNB-DU might be co-located for which there is one logical entity for user plane function (ng-eNB-UP like) and one for control plane + ng-eNB-DU function. In order to align with split NG-RAN architecture, maybe there is no need to introduce explicit definition for logical entity as ng-eNB-CP and ng-eNB-UP, a note could be used for clarification of such scenario, e.g.  the co-located ng-eNB-DU and ng-eNB-CU-CP could be used for the ng-eNB control plane, while the ng-eNB-CU-UP could be used for the ng-eNB user plane. 
In order to align with NG-RAN architecture, there is no need to introduce logical entity as ng-eNB-CP and ng-eNB-UP, but a note could be used for clarification in case ng-eNB-DU is co-located with ng-eNB-CU-CP.
· Scenario 2: eNB connecting with EPC.
We need to take the fact into account that there is no CU-DU split for legacy eNB. Therefore, we just have eNB-CP and eNB-UP. The group agreed to reuse the existing E1 series of protocols for the new interface in the last meeting. Hence, we propose to take the CP-UP separation of TS 38.401 as baseline, and enhance the TS 36.401 with the new architecture and definitions. The following show the examples: 
[image: ]
Here the remaining open issue is about the naming, i.e. eNB-CP/eNB-UP or eNB*-CP/eNB*-UP, here we think that to put a symbol “*” as part of a name is bit unformal, hence the term of “eNB-CP/eNB-UP” is still preferred.
eNB-Control Plane (eNB-CP): a logical node hosting the RRC/RLC/MAC/PHY and the control plane part of the PDCP protocol for an eNB. The eNB-CP terminates the E1 interface connected with the eNB-UP.
eNB-User Plane (eNB-UP): a logical node hosting the user plane part of the PDCP protocol for an eNB. The eNB-UP terminates the E1 interface connected with the eNB-CP.
Capture the architecture and definition of eNB-CP and eNB-UP separation in TS 36.401.
For the E1 functions for ng-eNB or eNB, the interface management function, bearer context management function and TEIDs allocation function were agreed in the last meeting. In detail,
· Interface management functions are related with the following procedures: Reset, Error Indication, Interface Setup (both ways), Configuration Update and Status Indication.
· Bearer context management functions are related with the following procedures: Bearer Context Setup, Bearer Context Modification and Bearer Context Release.
In the stage 2 specification, only few occurrences of gNB-CU-CP and gNB-CU-UP appear. Therefore, it is easy to add the new eNB logical entities to each occurrence of gNB-CU-CP and gNB-CU-UP.
Capture the interface management function, bearer context management function, TEIDs allocation function and the related procedures for CP-UP separation for ng-eNB and eNB in TS 38.460.
When the new logical entities are introduced and the existing TS 38.46x series are used, one problem is how to define the UE AP IDs since the UE AP IDs used in E1AP messages are including the name of the logical node. One solution is to add new optional IEs for each new logical entity. Another solution is to reuse the existing UE AP IDs and refer them to the new logical entities. Since this solution is much easier to implement, it should be used for the new logical entities with some clarifications. For example, in TS 38.401:
gNB-CU-CP UE E1AP ID:
A gNB-CU-CP UE E1AP ID shall be allocated so as to uniquely identify the UE over the E1 interface within a gNB-CU-CP. When a gNB-CU-UP receives a gNB-CU-CP UE E1AP ID it shall store it for the duration of the UE-associated logical E1-connection for this UE. The gNB-CU-CP UE E1AP ID shall be unique within the gNB-CU-CP logical node.
Note: The definition above also applies to the case where E1 AP is used for control plane and user plane separation for ng-eNB or eNB.
This principle could also apply to the node IDs. For example, the gNB-CU-UP ID could be used to uniquely identify the gNB-CU-UP for the gNB-CU CP-UP separation, or to uniquely identify the ng-eNB-CU-UP for the ng-eNB-CU CP-UP separation, or to uniquely identify the eNB-UP for the eNB CP-UP separation.
Reuse the existing IEs of UE AP IDs (gNB-CU-CP UE E1AP ID and gNB-CU-UP UE E1AP ID) and node IDs (gNB-CU-UP ID and gNB-CU-CP ID) with some clarifications.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1:	Capture the definition of ng-eNB-CU-CP and ng-eNB-CU-UP in TS 38.401.
[bookmark: _Toc423020280]Proposal 2:	In order to align with NG-RAN architecture, there is no need to introduce logical entity as ng-eNB-CP and ng-eNB-UP, but a note could be used for clarification in case ng-eNB-DU is co-located with ng-eNB-CU-CP.
Proposal 3:	Capture the architecture and definition of eNB-CP and eNB-UP separation in TS 36.401.
Proposal 4:	Capture the interface management function, bearer context management function, TEIDs allocation function and the related procedures for CP-UP separation for ng-eNB and eNB in TS 38.460.
Proposal 5:	Proposal 5:	Reuse the existing IEs of UE AP IDs (gNB-CU-CP UE E1AP ID and gNB-CU-UP UE E1AP ID) and node IDs (gNB-CU-UP ID and gNB-CU-CP ID) with some clarifications.
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[bookmark: _Toc13759418][bookmark: _Toc29461970][bookmark: _Toc45888041][bookmark: _Toc56583557]1	Scope
The present document is an introduction to the 3GPP TS 38.46x series of technical specifications that define the E1 interface. The E1 interface provides means for interconnecting a gNB-CU-CP and a gNB-CU-UP of a gNB-CU within an NG-RAN, or for interconnecting a gNB-CU-CP and a gNB-CU-UP of an en-gNB within an E-UTRAN, or for interconnecting an eNB-CP and an eNB-UP of an eNB within an E-UTRAN, or for interconnecting an ng-eNB-CU-CP and an ng-eNB-CU-UP of an ng-eNB-CU within an NG-RAN.
[bookmark: _Toc13759419][bookmark: _Toc29461971][bookmark: _Toc45888042][bookmark: _Toc56583558]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.401: "NG-RAN; Architecture Description".
[3]	3GPP TS 38.461: "NG-RAN; E1 layer 1". 
[4]	3GPP TS 38.462: "NG-RAN; E1 signalling transport". 
[5]	3GPP TS 38.463: "NG-RAN; E1 Application Protocol (E1AP)". 
[6]	3GPP TS 38.300: "NR; Overall description; Stage-2".
[7]	3GPP TS 37.340: "NR; Multi-connectivity; Overall description; Stage-2".
[x1]	3GPP TS 37.470: "W1 interface; General aspects and principles".
[x2]	3GPP TS 36.401: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Architecture description".
[bookmark: _Toc13759420][bookmark: _Toc29461972][bookmark: _Toc45888043][bookmark: _Toc56583559]3	Definitions and abbreviations
[bookmark: _Toc13759421][bookmark: _Toc29461973][bookmark: _Toc45888044][bookmark: _Toc56583560]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
eNB-CP: as defined in TS 36.401 [x2].
eNB-UP: as defined in TS 36.401 [x2].
en-gNB: as defined in TS 37.340 [7].
gNB-CU: as defined in TS 38.401 [2].
gNB-CU-CP: as defined in TS 38.401 [2].
gNB-CU-UP: as defined in TS 38.401 [2].
gNB-DU: as defined in TS 38.401 [2].
gNB: as defined in TS 38.300 [6].
IAB: as defined in TS 38.300 [6].
ng-eNB-CU: as defined in TS 37.470 [x1].
ng-eNB-CU-CP: as defined in TS 38.401 [2].
ng-eNB-CU-UP: as defined in TS 38.401 [2].
ng-eNB-DU: as defined in TS 37.470 [x1].
[bookmark: _Toc13759422][bookmark: _Toc29461974][bookmark: _Toc45888045][bookmark: _Toc56583561]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
DL	Downlink
DRB	Data Radio Bearer
E1AP	E1 Application Protocol
IP	Internet Protocol
SCTP	Stream Control Transmission Protocol
TNL	Transport Network Layer
[bookmark: _Toc13759423][bookmark: _Toc29461975][bookmark: _Toc45888046][bookmark: _Toc56583562]4	General aspects
This clause captures the E1 interface principles and characteristics. 
Note: The principles, functions and procedures specified in this specification also apply to the case where E1 AP is used between ng-eNB-CU-CP and ng-eNB-CU-UP or between eNB-CP and eNB-UP, unless stated otherwise.
[bookmark: _Toc13759424][bookmark: _Toc29461976][bookmark: _Toc45888047][bookmark: _Toc56583563]4.1	E1 interface general principles
The general principles for the specification of the E1 interface are as follows:
-	the E1 interface is open;
-	the E1 interface supports the exchange of signalling information between the endpoints;
-	from a logical standpoint, the E1 is a point-to-point interface between a gNB-CU-CP and a gNB-CU-UP, or between an ng-eNB-CU-CP and an ng-eNB-CU-UP, or between an eNB-CP and an eNB-UP. 
NOTE 1:	A point-to-point logical interface should be feasible even in the absence of a physical direct connection between the endpoints.
-	the E1 interface separates Radio Network Layer and Transport Network Layer;
-	the E1 interface enables exchange of UE associated information and non-UE associated information;
-	the E1 interface is future proof to fulfil different new requirements, support of new services and new functions.
NOTE 2:	The E1 interface is a control interface and is not used for user data forwarding. 
[bookmark: _Toc13759425][bookmark: _Toc29461977][bookmark: _Toc45888048][bookmark: _Toc56583564]4.2	E1 interface specification objectives
The E1 interface specifications facilitate the following:
-	inter-connection of a gNB-CU-CP and a gNB-CU-UP supplied by different manufacturers.
-	inter-connection of an ng-eNB-CU-CP and an ng-eNB-CU-UP supplied by different manufacturers.
-	inter-connection of an eNB-CP and an eNB-UP supplied by different manufacturers.
[bookmark: _Toc13759426][bookmark: _Toc29461978][bookmark: _Toc45888049][bookmark: _Toc56583565]5	Functions of the E1 interface
[bookmark: _Toc13759427][bookmark: _Toc29461979][bookmark: _Toc45888050][bookmark: _Toc56583566]5.1	General
The following clauses describe the functions supported over E1. 
[bookmark: _Toc13759428][bookmark: _Toc29461980][bookmark: _Toc45888051][bookmark: _Toc56583567]5.1.1	E1 interface management function
The error indication function is used by the gNB-CU-UP or gNB-CU-CP to indicate to the gNB-CU-CP or gNB-CU-UP that an error has occurred.
The reset function is used to initialize the peer entity after node setup and after a failure event occurred. This procedure can be used by both the gNB-CU-UP and the gNB-CU-CP.
The E1 setup function allows to exchange application level data needed for the gNB-CU-UP and gNB-CU-CP to interoperate correctly on the E1 interface. The E1 setup is initiated by both the gNB-CU-UP and gNB-CU-CP.
The gNB-CU-UP Configuration Update and gNB-CU-CP Configuration Update functions allow to update application level configuration data needed between the gNB-CU-CP and the gNB-CU-UP to interoperate correctly over the E1 interface.
The E1 setup and gNB-CU-UP Configuration Update functions allow to inform NR CGI(s), S-NSSAI(s), PLMN-ID(s), QoS information and NID(s) supported by the gNB-CU-UP.
The E1 setup and gNB-CU-UP Configuration Update functions allow the gNB-CU-UP to signal its capacity information to the gNB-CU-CP.
The E1 gNB-CU-UP Status Indication function allows to inform the overloaded or non-overloaded status over the E1 interface.
[bookmark: _Toc13759429][bookmark: _Toc29461981][bookmark: _Toc45888052][bookmark: _Toc56583568]5.1.2	E1 bearer context management function
The establishment of the E1 bearer context is initiated by the gNB-CU-CP and accepted or rejected by the gNB-CU-UP based on admission control criteria (e.g., resource not available).
The modification of the E1 bearer context can be initiated by either gNB-CU-CP or gNB-CU-UP. The receiving node can accept or reject the modification. The E1 bearer context management function also supports the release of the bearer context previously established in the gNB-CU-UP. The release of the bearer context is triggered by the gNB-CU-CP either directly or following a request received from the gNB-CU-UP. 
This function is used to setup and modify the QoS-flow to DRB mapping configuration. The gNB-CU-CP decides flow-to-DRB mapping and provides the generated SDAP and PDCP configuration to the gNB-CU-UP. The gNB-CU-CP also decides the Reflective QoS flow to DRB mapping. The function is also used to send to the gNB-CU-UP the alternative QoS Parameters Sets when available for a QoS flow. For each PDU Session Resource to be setup or modified, the S-NSSAI, shall be provided in the E1 bearer context setup procedure and may be provided in the E1 bearer context modification procedure by gNB-CU-CP to the gNB-CU-UP.
This function is used for the gNB-CU-CP to send the security information to the gNB-CU-UP.
This function is used for the gNB-CU-CP to send to the gNB-CU-UP transport layer information to be used for data forwarding e.g. during handovers.
This function is used for the gNB-CU-CP to send the parameters for header compression for certain traffic types e.g. IP, Ethernet to the gNB-CU-UP.
This function is used for the gNB-CU-UP to notify the event of DL data arrival detection to the gNB-CU-CP. With this function, the gNB-CU-UP requests gNB-CU-CP to trigger paging procedure over F1 or Xn to support RRC Inactive state. 
This function is used for the gNB-CU-UP to notify the gNB-CU-CP that an UL packet including a QFI value in the SDAP header not configured by the Flow Mapping Information IE is received for the first time at the default DRB. The gNB-CU-CP can take further action if needed.
This function is used for the gNB-CU-UP to notify the event of user inactivity to the gNB-CU-CP. With this function, the gNB-CU-UP indicates that the inactivity timer associated with a bearer, a PDU session or a UE expires, or that user data is received for the bearer, the PDU session or the UE whose inactivity timer has expired. The gNB-CU-CP consolidates all the serving gNB-CU-UPs for the UE and takes further action.
This function is used for the gNB-CU-UP to report data volume to the gNB-CU-CP.
This function is used for the gNB-CU-CP to notify the suspension and resumption of bearer contexts to the gNB-CU-UP.
This function also allows to support CA based packet duplication as described in TS 38.300 [6], i.e. one data radio bearer should be configured with at least two GTP-U tunnels between gNB-CU-UP and a gNB-DU.
This function is used to support the enhanced mobility operations as described in TS 38.300 [6] in the gNB-CU-UP.
[bookmark: _Toc5612693][bookmark: _Toc29461982][bookmark: _Toc45888053][bookmark: _Toc56583569]5.1.3	Trace function
The Trace function provides means to control trace sessions for a UE over E1 interface.
[bookmark: _Toc56583570][bookmark: _Toc13759430][bookmark: _Toc29461983][bookmark: _Toc45888054]5.1.4	Load management function
The load management function allows an gNB-CU-CP to request the reporting of load measurements to gNB-DU and is used by gNB-CU-UP to report the result of measurements admitted by gNB-CU-UP.
[bookmark: _Toc56583571]5.1.5	Measurement results transfer function
The measurement results transfer is used by the gNB-CU-CP to transfer UE associated measurement results to the gNB-CU-UP.
[bookmark: _Toc64447758]5.1.6	Support for IAB
This function is used to update the DL/UL F1-U GTP-U tunnels for an IAB network.
[bookmark: _Toc56583572]5.2	TEIDs allocation
The gNB-CU-UP is responsible for the allocation of the F1-U UL GTP TEID for each data radio bearer. 
The gNB-CU-UP is responsible for the allocation of the S1-U DL GTP TEID for each E-RAB and the NG-U DL GTP TEID for each PDU Session.
The gNB-CU-UP is responsible for the allocation of the X2-U DL/UL GTP TEID or the Xn-U DL/UL GTP TEID for each data radio bearer. 
[bookmark: _Toc13759431][bookmark: _Toc29461984][bookmark: _Toc45888056][bookmark: _Toc56583573]6	Procedures of the E1 interface
[bookmark: _Toc13759432][bookmark: _Toc29461985][bookmark: _Toc45888057][bookmark: _Toc56583574]6.1	Interface Management procedures
The E1 interface management procedures are listed below:
-	Reset procedure
-	Error Indication procedure
-	gNB-CU-UP E1 Setup procedure
-	gNB-CU-CP E1 Setup procedure
-	gNB-CU-UP Configuration Update procedure
-	gNB-CU-CP Configuration Update procedure
-	E1 Release procedure
-	gNB-CU-UP Status Indication procedure
[bookmark: _Toc13759433][bookmark: _Toc29461986][bookmark: _Toc45888058][bookmark: _Toc56583575]6.2	Bearer Context Management procedures
The E1 bearer management procedures are listed below:
-	Bearer Context Setup procedure
-	Bearer Context Release Request (gNB-CU-UP initiated) procedure
-	Bearer Context Release (gNB-CU-CP initiated) procedure
-	Bearer Context Modification (gNB-CU-CP initiated) procedure
-	Bearer Context Modification Required (gNB-CU-UP initiated) procedure
-	DL Data Notification procedure
-	Bearer Context Inactivity Notification procedure
-	Data Usage Report procedure
-	MR-DC Data Usage Report procedure
[bookmark: _Toc29461987][bookmark: _Toc45888059][bookmark: _Toc56583576]6.3	UE Tracing procedures
The following procedures are used to trace the UE:
-	Trace Start procedure
-	Deactivate Trace procedure
-	Cell Traffic Trace procedure
[bookmark: _Toc45888060][bookmark: _Toc56583577]6.4	Load management procedures
The load management procedures are listed as below:
-	Resource Status Reporting Initiation procedure
-	Resource Status Reporting procedure
[bookmark: _Toc56583578][bookmark: _Toc13759434][bookmark: _Toc29461988][bookmark: _Toc45888061][bookmark: OLE_LINK32]6.5	Measurement results transfer procedures
The measurement results transfer procedures are listed as below:
-	GNB-CU-CP Measurement Results Information
[bookmark: _Toc64447766]6.6	IAB procedures
The IAB procedures are listed as below:
-	IAB UP TNL Address Update procedure

[bookmark: _Toc56583579]7	E1 interface protocol structure
Figure 7.1-1 shows the protocol structure for E1. The TNL is based on IP transport, comprising the SCTP on top of IP. The application layer signalling protocol is referred to as E1AP (E1 Application Protocol).


Figure 7.1-1: Interface protocol structure for E1
[bookmark: _Toc13759435][bookmark: _Toc29461989][bookmark: _Toc45888062][bookmark: _Toc56583580]8	Other E1 interface specifications
This clause contains the description of the other related 3GPP specifications.
[bookmark: _Toc13759436][bookmark: _Toc29461990][bookmark: _Toc45888063][bookmark: _Toc56583581]8.1	NG-RAN E1 interface: layer 1 (3GPP TS 38.461)
3GPP TS 38.461 [3] specifies the physical layer technologies that may be used to support the E1 interface.
[bookmark: _Toc13759437][bookmark: _Toc29461991][bookmark: _Toc45888064][bookmark: _Toc56583582]8.2	NG-RAN E1 interface: signalling transport (3GPP TS 38.462)
3GPP TS 38.462 [4] specifies the signalling bearers for the E1AP for the E1 interface.
[bookmark: _Toc13759438][bookmark: _Toc29461992][bookmark: _Toc45888065][bookmark: _Toc56583583]8.3	NG-RAN E1 interface: E1AP specification (3GPP TS 38.463)
3GPP TS 38.463 [5] specifies the E1AP protocol for radio network control plane signalling over the E1 interface.
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