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1
Introduction
At the RAN3#97, some E1 general principle were captured in TR 38.806.

This paper further discusses and provides E1 general functions and overall procedures. The TP is also provided in the Annex.
2
Discussion
2.1
E1 general functions
R3-173252 [1] proposed basic procedures for E1 interface between CU-CP and CU-UP. It covers some procedures, but still some additional procedures should be supported over E1 interface.

Firstly, the following E1 management procedures are proposed as Common function in [1]:
· Common functions:

1) E1 interface management: This function allows to set-up and manage an E1 interface between CU-CP and CU-UP. The E1 interface management function includes the following procedures:

a)  E1 interface setup: this procedure allows to setup the E1 interface. It includes the exchange of the parameters needed for interface operation. The E1 setup is initiated by the CU-CP.
b)  E1 interface reset: this procedure allows to reset the E1 interface, including changes in the configuration parameters. The E1 interface reset is initiated by either the CU-CP or the CU-UP.

c)  E1 error indication: this procedure allows to report detected errors in one incoming message. The E1 interface reset is initiated by either the CU-CP or the CU-UP.

Here, E1 interface setup should be initiated by the CU-UP. Otherwise CU-CP needs to keep trying the configured list of CU-UP periodically.
In addition to the above-mentioned procedures, we also propose the following E1 interface management procedures:

d)  E1 Load Information: this procedure allows CU-UP to inform CU-CP of the prevailing load condition based on pre-configured thresholds or periodically. The same procedure could also be used to indicate overload of CU-UP with overload status (Start/Stop). For example, Overload Start can indicate to CU-CP to trigger overload actions associated with CU-UP. The periodicity of load information should be configured to enable CU-CP in proper load balancing and avoid overloaded situation.
e)  E1 Configuration Update: this procedure supports updates in CU-UP configuration, such as capacity changes. For example, during the E1 Setup procedure, the relative capacity supported by the CU-UP can be indicated to the CU-CP. The Configuration Update procedure is used for any relative capacity updates after the initial capacity reported during the E1 Setup procedure.
Proposal 1: It is proposed to support E1 interface management procedures for load indication and configuration update. E1 interface setup, reset and error indication should also be supported. E1 interface setup should be initiated by CU-UP.
Next, the following E1 Bearer management procedures are proposed as UE-dedicated functions in [1]:

· UE-dedicated functions:

1) Bearer management: This function allows the CU-CP to setup, modify, and release the data radio bearers in the CU-UP. The Bearer management functions includes the following procedures:

a) DRB setup: this procedure allows the CU-CP to setup DRBs in the CU-UP, including the security key configuration and the QoS-flow to DRB mapping configuration.

b) DRB modification: this procedure allows the CU-CP to modify DRBs in the CU-UP, including the modification of security key configuration and the modification of the QoS-flow to DRB mapping configuration. 
c) DRB release: this procedure allows the CU-CP to release DRBs in the CU-UP.

Here, DRB modification procedure can also be used for suspending and resuming the data transmission.

Proposal 2: DRB setup, DRB modification and DRB release procedures should be supported. DRB modification procedure can also be used for suspending and resuming the data transmission.
In addition, we propose the following E1 bearer management procedures:

d)  Downlink Data Notification: This procedure allows CU-UP to request CU-CP to trigger paging procedure to support RRC Inactive state.
e) New QFI Notification: This procedure allows CU-UP to notify that the CU-UP receives a first downlink packet over NG-U interface associated with a new QoS Flow ID (QFI) for which the QoS parameters are already available in the CU-UP, and there is no association to an existent DRB. The CU-CP provides mapping information to an already existent DRB or a new DRB for this QoS flow. These use cases are defined in A.3 and A.4 of TS 38.300 (gNB decides to map new QoS flow to an existing DRB (A.3 case) or new DRB (A.4 case)). It is for further study whether to define a new message or reuse another procedure such as DRB modification during normative phase.
f) Inactivity/Reactivity Detection: This procedure allows CU-UP to indicate that the inactivity timer associated with a UE expires or that the user data is received for a UE whose inactivity timer has expired. The CU-CP consolidates all the serving CU-UPs for the UE and takes further action, e.g. release one or more PDU sessions or move the UE to RRC Inactive state.

Proposal 3: It is proposed to support additional E1 bearer management procedures for Downlink Data Notification, New QFI Notification and Inactivity/Reactivity Detection. 
2.2
Overall procedures involving E1 and F1
2.2.1
Chronology of F1 and E1 procedures during bearer management procedures
During the execution of any bearer management procedures, for example, NSA 3x bearer setup/modification or SA bearer setup/modification, the F1-U UL TNL Address of CU-UP has to be provided to the DU and the F1-U DL TNL Address of the DU has to be provided to the CU-UP. 

This requires F1AP and E1AP signalling procedures towards DU and CU-UP, respectively. In order to optimize the latency of these setup/modification procedures, we propose that the F1-U UL TNL Address of CU-UP is allocated by CU-CP. This achieves the following objectives:

· Avoid duplicated E1AP procedures towards CU-UP during any setup/modification procedures.
· Improve the latency of these NSA/SA bearer management procedures by allowing parallel signalling towards UE and CU-UP.
Hence, we propose that F1AP procedure is always executed before E1AP procedure while performing any NSA/SA bearer management procedures.

Proposal 4: F1-U UL TNL Address of CU-UP is allocated by CU-CP. F1AP procedure is executed before E1AP procedure while performing any NSA/SA bearer management procedures.
2.2.2
Bearer setup over F1-U
Figure 1 shows the procedure used to setup one or more bearers over F1-U. 
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Figure 1: Bearer setup over F1-U
1.
Bearer setup is triggered in CU-CP.

2.
The CU-CP allocates UL TEID for F1-U used at the CU-UP to receive UL user data from the DU.

3.
F1 UE context management procedure is performed to setup one or more bearers at the DU.

4.
The CU-CP sends E1AP BEARER SETUP REQUEST message to the selected CU-UP to setup one or more bearers at the CU-UP.

5.
The CU-UP responds the CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

2.2.3
Bearer release over F1-U
Figure 2 shows the procedure used to release one or more bearers over F1-U. 
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Figure 2: Bearer release over F1-U
1.
Bearer release is triggered in CU-CP.

2.
F1 UE context management procedure is performed to release one or more bearers at the DU.

3.
The CU-CP sends E1AP BEARER RELEASE REQUEST message to the CU-UP to release one or more bearers at the CU-UP.

2.2.4
Change of CU-UP
It is essential to support the procedure for change of CU-UP. In this procedure, data forwarding between the source CU-UP and target CU-UP should be supported as well. Figure 3 shows the procedure used for the change of CU-UP. 
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Figure 3: Change of CU-UP
1.
Change of CU-UP is triggered in CU-CP.

2.
The CU-CP allocates UL TEID for F1-U used at the target CU-UP to receive UL user data from the DU.

3.
The CU-CP sends E1AP BEARER SETUP REQUEST message to the target CU-UP to setup one or more bearers at the target CU-UP.

4.
The target CU-UP responds the CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

5.
The CU-CP sends E1AP BEARER RELEASE REQUEST message including CU-UP change indication to the source CU-UP to initiate of the release of one or more bearers at the source CU-UP. The TEID for data forwarding may be included.
6.
F1 UE context management procedure is performed to modify one or more bearers at the DU.

7.
SN Status transfer procedure is performed.

8.
Data Forwarding is performed from the source CU-UP to the target CU-UP.

9-11.
Path Update procedure is performed to update the DL TEID towards the core network. The source CU-UP releases the resources for the UE when it receives the end marker packet.
2.2.5
Inter-gNB handover involving CU-UP change
Figure 4 shows the procedure used for inter-gNB handover involving CU-UP change. 
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Figure 4: Inter-gNB handover involving CU-UP change
1.
The source CU-CP sends XN HANDOVER REQUEST message to the target CU-CP.
2.
The target CU-CP allocates UL TEID for F1-U used at the target CU-UP to receive UL user data from the target DU.

3.
F1 UE context management procedure is performed to setup one or more bearers at the target DU.

4.
The target CU-CP sends E1AP BEARER SETUP REQUEST message to the target CU-UP to setup one or more bearers at the target CU-UP.

5.
The target CU-UP responds the target CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

6.
The target CU-CP responds the source CU-CP with an XN HANDOVER REQUEST ACKNOWLEDGE message.

7.
The source CU-CP sends E1AP BEARER RELEASE REQUEST message including CU-UP change indication to the source CU-UP to initiate of the release of one or more bearers at the source CU-UP. The TEID for data forwarding may be included.

8.
F1 UE context management procedure is performed to release one or more bearers at the source DU.

9.
SN Status transfer procedure is performed.

10.
Data Forwarding is performed from the source CU-UP to the target CU-UP.

11-13.
Path Switch procedure is performed to update the DL TEID towards the core network. The source CU-UP releases the resources for the UE when it receives the end marker packet.

14.
The target CU-CP sends UE CONTEXT RELEASE message to the source CU-CP.

15.
F1 UE context management procedure is performed to release the UE context at the source DU.

Proposal 5: It is proposed to agree on the overall procedures for Bearer Setup, Bearer Release, Change of CU-UP and inter-gNB handover involving CU-UP change as described above.

Proposal 6: It is proposed to agree on the TP provided in the Annex.

3
Conclusions
Proposal 1: It is proposed to support E1 interface management procedures for load indication and configuration update. E1 interface setup, reset and error indication should also be supported. E1 interface setup should be initiated by CU-UP.
Proposal 2: DRB setup, DRB modification and DRB release procedures should be supported. DRB modification procedure can also be used for suspending and resuming the data transmission.
Proposal 3: It is proposed to support additional E1 bearer management procedures for Downlink Data Notification, New QFI Notification and Inactivity/Reactivity Detection. 
Proposal 4: F1-U UL TNL Address of CU-UP is allocated by CU-CP. F1AP procedure is executed before E1AP procedure while performing any NSA/SA bearer management procedures.
Proposal 5: It is proposed to agree on the overall procedures for Bearer Setup, Bearer Release, Change of CU-UP and inter-gNB handover involving CU-UP change as described above.

Proposal 6: It is proposed to agree on the TP provided in the Annex.
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7.X E1 interface general functions
The following clauses describe the general functions and procedures at least supported over the E1 interface.
7.X.1 E1 management function
This function allows to setup and manage an E1 interface between CU-CP and CU-UP. The E1 interface management function includes the following procedures:

· E1 Setup: this procedure allows to setup the E1 interface. It includes the exchange of the parameters needed for interface operation. The E1 setup is initiated by the CU-UP.

· E1 Reset: this procedure allows to reset the E1 interface, including changes in the configuration parameters. The E1 interface reset is initiated by either the CU-CP or the CU-UP.

· E1 Error Indication: this procedure allows to report detected errors in one incoming message. The E1 interface reset is initiated by either the CU-CP or the CUIUP.
· E1 Load Information: this procedure allows CU-UP to inform CU-CP of the prevailing load condition periodically. The same procedure could also be used to indicate overload of CU-UP with overload status (Start/Stop). For example, Overload Start can indicate to CU-CP to trigger overload actions associated with CU-UP. The periodicity of load information should be configured to enable CU-CP in proper load balancing and avoid overloaded situation.

·  E1 Configuration Update: this procedure supports updates in CU-UP configuration, such as capacity changes. For example, during the E1 Setup procedure, the relative capacity supported by the CU-UP can be indicated to the CU-CP. The Configuration Update procedure is used for any relative capacity updates after the initial capacity reported during the E1 Setup procedure.

7.X.2 E1 bearer management function
This function allows the CU-CP to setup, modify, and release the data radio bearers in the CU-UP, and notify some events associated with the data radio bearers or UE. The bearer management function includes the following procedures:

· DRB Setup: This procedure allows the CU-CP to setup DRBs in the CU-UP, including the security key configuration and the QoS-flow to DRB mapping configuration.

· DRB Modification: This procedure allows the CU-CP to modify DRBs in the CU-UP, including the modification of security key configuration and the modification of the QoS-flow to DRB mapping configuration. This procedure is also used for suspending and resuming the data transmission, and can be initiated by either node.
· DRB Release: this procedure allows the CU-CP to release DRBs in the CU-UP.
· Downlink Data Notification: This procedure allows CU-UP to request CU-CP to trigger paging procedure to support RRC Inactive state.
· New QFI Notification: This procedure allows CU-UP to notify that the CU-UP receives a first downlink packet over NG-U interface associated with a new QoS Flow ID (QFI) for which the QoS parameters are already available in the CU-UP, and there is no association to an existent DRB. The CU-CP provides mapping information to an already existent DRB or a new DRB for this QoS flow. These use cases are defined in A.3 and A.4 of TS 38.300 (gNB decides to map new QoS flow to an existing DRB (A.3 case) or new DRB (A.4 case)). It is for further study whether to define a new message or reuse another procedure such as DRB modification during normative phase.
· Inactivity/Reactivity Detection: This procedure allows CU-UP to indicate that the inactivity timer associated with a UE expires or that the user data is received for a UE whose inactivity timer has expired. The CU-CP consolidates all the serving CU-UPs for the UE and takes further action, e.g. release one or more PDU sessions or move the UE to RRC Inactive state.
7.Y Overall procedures involving E1 and F1
The following clauses describe the overall procedures involving E1 and F1.
7.Y.1
Bearer setup over F1-U
Figure 7.Y.1-1 shows the procedure used to setup one or more bearers over F1-U. 
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Figure 7.Y.1-1: Bearer setup over F1-U
1.
Bearer setup is triggered in CU-CP.

2.
The CU-CP allocates UL TEID for F1-U used at the CU-UP to receive UL user data from the DU.

3.
F1 UE context management procedure is performed to setup one or more bearers at the DU.

4.
The CU-CP sends E1AP BEARER SETUP REQUEST message to the selected CU-UP to setup one or more bearers at the CU-UP.

5.
The CU-UP responds the CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

7.Y.2
Bearer release over F1-U
Figure 7.Y.2 shows the procedure used to release one or more bearers over F1-U. 
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Figure 7.Y.2-1: Bearer release over F1-U
1.
Bearer release is triggered in CU-CP.

2.
F1 UE context management procedure is performed to release one or more bearers at the DU.

3.
The CU-CP sends E1AP BEARER RELEASE REQUEST message to the CU-UP to release one or more bearers at the CU-UP.

7.Y.3
Change of CU-UP
It is essential to support the procedure for change of CU-UP. In this procedure, data forwarding between the source CU-UP and target CU-UP should be supported as well. Figure 7.Y.3-1 shows the procedure used for the change of CU-UP. 
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Figure 7.Y.3-1: Change of CU-UP
1.
Change of CU-UP is triggered in CU-CP.

2.
The CU-CP allocates UL TEID for F1-U used at the target CU-UP to receive UL user data from the DU.

3.
The CU-CP sends E1AP BEARER SETUP REQUEST message to the target CU-UP to setup one or more bearers at the target CU-UP.

4.
The target CU-UP responds the CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

5.
The CU-CP sends E1AP BEARER RELEASE REQUEST message including CU-UP change indication to the source CU-UP to initiate of the release of one or more bearers at the source CU-UP. The TEID for data forwarding may be included.

6.
F1 UE context management procedure is performed to modify one or more bearers at the DU.

7.
SN Status transfer procedure is performed.

8.
Data Forwarding is performed from the source CU-UP to the target CU-UP.

9-11.
Path Update procedure is performed to update the DL TEID towards the core network. The source CU-UP releases the resources for the UE when it receives the end marker packet.

7.Y.4
Inter-gNB handover involving CU-UP change
Figure 7.Y.4-1 shows the procedure used for inter-gNB handover involving CU-UP change. 
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Figure 7.Y.4-1: Inter-gNB handover involving CU-UP change
1.
The source CU-CP sends XN HANDOVER REQUEST message to the target CU-CP.

2.
The target CU-CP allocates UL TEID for F1-U used at the target CU-UP to receive UL user data from the target DU.

3.
F1 UE context management procedure is performed to setup one or more bearers at the target DU.

4.
The target CU-CP sends E1AP BEARER SETUP REQUEST message to the target CU-UP to setup one or more bearers at the target CU-UP.

5.
The target CU-UP responds the target CU-CP with an E1AP BEARER SETUP RESPONSE message to confirm the bearer setup.

6.
The target CU-CP responds the source CU-CP with an XN HANDOVER REQUEST ACKNOWLEDGE message.

7.
The source CU-CP sends E1AP BEARER RELEASE REQUEST message including CU-UP change indication to the source CU-UP to initiate of the release of one or more bearers at the source CU-UP. The TEID for data forwarding may be included.

8.
F1 UE context management procedure is performed to release one or more bearers at the source DU.

9.
SN Status transfer procedure is performed.

10.
Data Forwarding is performed from the source CU-UP to the target CU-UP.

11-13.
Path Switch procedure is performed to update the DL TEID towards the core network. The source CU-UP releases the resources for the UE when it receives the end marker packet.

14.
The target CU-CP sends UE CONTEXT RELEASE message to the source CU-CP.

15.
F1 UE context management procedure is performed to release the UE context at the source DU.
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