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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

gNB Central Unit (gNB-CU): a logical node hosting RRC, SDAP and PDCP protocols of the gNB or RRC and PDCP protocols of the en-gNB that controls the operation of one or more gNB-DUs. The gNB-CU  terminates the F1 interface connected with the gNB-DU. 

gNB Distributed Unit (gNB-DU): a logical node hosting RLC, MAC and PHY layers of the gNB or en-gNB, and its operation is partly controlled by gNB-CU. One gNB-DU supports one or multiple cells. One cell is supported by only one gNB-DU. The gNB-DU terminates the F1 interface connected with the gNB-CU.

Editor’s note: Whether it is possible that one cell spans over multiple DUs, potentially in an implementation specific way, is FFS. The reasons, conditions, and scenarios for this are also FFS.
gNB: as defined in TS 38.300 [2].

en-gNB: as defined in TS 37.340 [12]

NG-RAN node: as defined in TS 38.300 [2].
3.2
Abbreviations
For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

5GC
5G Core Network
AMF
Access and Mobility Management Function
AP
Application Protocol

AS
Access Stratum

CM
Connection Management

CMAS
Commercial Mobile Alert Service
ETWS
Earthquake and Tsunami Warning System

F1-U
F1 User plane interface

F1-C
F1 Control plane interface

F1AP
F1 Application Protocol

FDD
Frequency Division Duplex

GTP-U
GPRS Tunnelling Protocol

IP
Internet Protocol

NAS
Non-Access Stratum

O&M
Operation and Maintenance

PWS
Public Warning System

QoS
Quality of Service

RNL
Radio Network Layer

RRC
Radio Resource Control
SAP
Service Access Point

SCTP
Stream Control Transmission Protocol

SFN
System Frame Number

SM
Session Management
SMF
Session Management Function

TDD
Time Division Duplex

TDM
Time Division Multiplexing

TNL
Transport Network Layer
Skip Unchanged part
6
NG-RAN architecture

6.1
Overview
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Figure 6.1-1 Overall architecture
The NG-RAN consists of a set of gNBs connected to the 5GC through the NG interface.

An gNB can support FDD mode, TDD mode or dual mode operation.

gNBs can be interconnected through the Xn interface. 
 A gNB may consist of a gNB-CU and one or more gNB-DU(s). A gNB-CU and a gNB-DU is connected via F1 interface.
One gNB-DU is connected to only one gNB-CU.

NOTE:
For resiliency, a gNB-DU may be connected to multiple gNB-CU by appropriate implementation.
NG, Xn and F1 are logical interfaces. 
For NG-RAN, the NG and Xn-C interfaces for a gNB consisting of a gNB-CU and gNB-DUs, terminate in the gNB-CU. For EN-DC, the S1-U and X2-C interfaces for a gNB consisting of a gNB-CU and gNB-DUs, terminate in the gNB-CU.  The gNB-CU and connected gNB-DUs are only visible to other gNBs and the 5GC as a gNB. A possible deployment scenario is described in Annex A.

Editor’s Note: Whether the statement above concerning EN-DC needs to be moved to another TS, e.g. 36.401 is FFS.
The NG-RAN is layered into a Radio Network Layer (RNL) and a Transport Network Layer (TNL).

The NG-RAN architecture, i.e. the NG-RAN logical nodes and interfaces between them, is defined as part of the RNL.

For each NG-RAN interface (NG, Xn, F1) the related TNL protocol and the functionality are specified. The TNL provides services for user plane transport, signalling transport.

In NG-Flex configuration, each gNB is connected to all AMFs within an AMF Region. The AMF Region is defined in 3GPP TS 23.501 [3]. 

If security protection for control plane and user plane data on TNL of NG-RAN interfaces has to be supported, NDS/IP 3GPP TS 33.501 [13] shall be applied.
Skip Unchanged part
6.4
UE associations in NG-RAN Node
There are several types of UE associations needed in the NG-RAN node: the "NG-RAN node UE context" used to store all information needed for a UE and the associations between the UE and the logical NG and Xn connections used for NG/XnAP UE associated messages. An "NG-RAN node UE context" exists for a UE in CM_CONNECTED.
Definitions:

NG-RAN node UE context: 
An NG-RAN node UE context is a block of information in an NG-RAN node associated to one UE. The block of information contains the necessary information required to maintain the NG-RAN services towards the active UE. An NG-RAN node UE context is established when the transition to RRC CONNECTED for a UE is completed or in the target NG-RAN node after completion of handover resource allocation during handover preparation, in which case at least UE state information, security information, UE capability information and the identities of the UE-associated logical NG-connection shall be included in the NG-RAN node UE context.

For Dual Connectivity an NG-RAN node UE context is also established in the S-NG-RAN node after completion of S-NG-RAN node Addition Preparation procedure.

UE-associated logical NG/Xn/F1 -connection: 

NGAP, XnAP and F1AP provide means to exchange control plane messages associated with the UE over the respectively NG-C, Xn-C or F1-C interface.

A UE-associated logical connection is established during the first NGAP/XnAP/F1AP message exchange between the NG/Xn/F1 peer nodes. 
The connection is maintained as long as UE associated NG/XnAP/F1AP messages need to be exchanged over the NG/Xn/F1 interface.  

The UE-associated logical NG-connection uses the identities AMF UE NGAP ID and RAN UE NGAP ID. 

The UE-associated logical Xn-connection uses the identities Old NG-RAN node UE XnAP ID and New NG-RAN node UE XnAP ID, or M-NG-RAN node UE XnAP ID and S-NG-RAN node UE XnAP ID. 

The UE-associated logical F1-connection uses the identities gNB-CU UE F1AP ID and gNB-DU UE F1AP ID. 

When a node (AMF or gNB) receives a UE associated NGAP/XnAP/F1AP message the node retrieves the associated UE based on the NGAP/XnAP/F1AP ID.
UE-associated signalling: 

UE-associated signalling is an exchange of NGAP/XnAP/F1AP messages associated with one UE over the UE-associated logical NG/Xn/F1-connection.

NOTE:
The UE-associated logical NG-connection may exist before the NG-RAN node UE context is setup in the NG-RAN node. 

The UE-associated logical Xn-connection may exist before the NG-RAN node UE context is setup in the target NG-RAN node.

The UE-associated logical F1-connection may exist before the  UE context is setup in the gNB-DU.
Editor Note: the description of UE Context in F1 interface is FFS. 
7
NG-RAN functions description
For the list of functions refer to TS 38.300 [2].
7.1
PWS Message Transmission Function

This function provides the capability for the AMF to initiate and stop broadcasting of PWS warning messages to UEs related to alerts (earthquake, tsunami, etc..) to meet regional regulatory requirements, and provides the capability for the NG RAN to inform the AMF that ongoing PWS operation has failed for one or more areas. 

Editor’s Note:
The following sentence is FFS

ETWS, CMAS and the other warning services which use the same AS mechanisms as CMAS as described in 3GPP TS 38.300 [2] are the NG-RAN services related to warning deliveries.

Editor’s Note:
Potential text on RAN sharing support (if needed) is FFS

Editor’s Note:
Potential text for support of partial NG RAN node failure (if needed) is FFS
8
Overall procedures in gNB-CU/gNB-DU Architecture

8.1
UE Initial Access 

The signalling flow for UE Initial access is shown in Figure 8.1-1.
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Figure 8.1-1: UE Initial Access procedure
1. The UE sends RRC Connection Request message to the gNB-DU. 
2. The gNB-DU includes the RRC message and, if the UE is admitted, the corresponding low layer configuration for the UE in the F1AP INITIAL UL RRC MESSAGE TRANSFER message and transfers to the gNB-CU. The INITIAL UL RRC MESSAGE TRANSFER message  includes the C-RNTI allocated by the gNB-DU.

3. The gNB-CU allocates a gNB-CU UE F1AP ID for the UE and generates RRC CONNECTION SETUP message towards UE. The RRC message is encapsulated in -the F1AP DL RRC MESSAGE TRANSFER message. 
4. The gNB-DU sends the RRC CONNECTION SETUP message to the UE.

5. The UE sends the RRC CONNECTION SETUP COMPLETE message to the gNB-DU. 
6. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU. 
7. The gNB-CU sends the INITIAL UE MESSAGE message to the AMF.
8. The AMF sends the INITIAL UE CONTEXT SETUP REQUEST message to the gNB-CU.
9. The gNB-CU sends the UE CONTEXT SETUP REQUEST message to establish the UE context in the gNB-DU. In this message, it may also encapsulate the RRC SECURITY MODE COMMAND message.

10. The gNB-DU sends the RRC SECURITY MODE COMMAND message to the UE.

11. The gNB-DU sends the UE CONTEXT SETUP RESPONSE message to the gNB-CU.

 12. The UE responds with the RRC SECURITY MODE COMPLETE message

 13. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU.

14. The gNB-CU generates the RRC CONNECTION RECONFIGURATION message and encapsulates it in the F1AP DL RRC MESSAGE TRANSFER message 
 15. The gNB-DU sends RRC CONNECTION RECONFIGURATION message to the UE.

 16. The UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to the gNB-DU. 
 17. The gNB-DU encapsulates the RRC message in the F1AP UL RRC MESSAGE TRANSFER message and send it to the gNB-CU.
18. The gNB-CU sends the INITIAL UE CONTEXT SETUP RESPONSE message to the AMF.
Skip Unchanged part
8.6
RRC state transition

8.6.1
RRC connected to RRC inactive
This section gives the RRC connected to RRC inactive state transition given that gNB consists of gNB-CU and gNB-DU(s), as shown in Figure 8.6.1-1. 
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Figure 8.6.1-1: RRC connected to RRC inactive state transition procedure
0. At first, the gNB-CU determines the UE to enter into RRC inactive mode from connected mode. 

1. The gNB-CU generates RRC Connection Release message towards UE. The RRC message is encapsulated in F1AP message DL RRC MESSAGE TRANSFER.

2. The gNB-DU forwards RRC Connection Release message to UE.

3. gNB-CU sends F1AP message UE CONTEXT RELEASE REQUEST to gNB-DU.

4. gNB-DU responds with F1AP message UE CONTEXT RELEASE RESPONSE.

8.6.2
RRC inactive to other states
This section gives the RRC inactive to other RRC states transition given that gNB consists of gNB-CU and gNB-DU(s), as shown in Figure 8.6.2-1. 
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Figure 8.6.2-1: RRC inactive to other RRC states transition procedure
1. The gNB-CU sends F1AP paging message to gNB-DU upon receiving data from 5GC. 

2. The gNB-DU sends RAN paging message to UE.

NOTE:
step 1 and 2 only exist in case of DL data arrival.

3. UE sends RRC connection resume request either upon RAN-based paging, UL data arrival or RNA update.

4. The gNB-DU includes RRC connection resume request in a non-UE associated F1AP message INITIAL UL RRC MESSAGE TRANSFER and transfer to the gNB-CU. The INITAIL UL RRC MESSAGE TRANSFER message should include C-RNTI.
5. The gNB-CU allocates gNB-CU UE F1AP ID and sends F1AP UE CONTEXT SETUP REQUEST to gNB-DU, which may include SRB ID and DRB IDs to be setup.

6. The gNB-DU responds with F1AP message UE CONTEXT SETUP RESPONSE, which contains RLC/MAC/PHY configuration of SRB and DRBs provided by the gNB-CU. 

NOTE:
step 5 and 6 exist for inactive to active, inactive to inactive and inactive to idle. When gNB-CU successfully retrieve and verify the UE context, it may decide to let the UE enter into RRC active mode. gNB-CU shall trigger UE context setup procedure between gNB-CU and gNB-DU, during which both SRB1, SRB2 and DRBs can be setup. For RNA update, gNB-CU triggers UE context setup procedure to setup SRB1 to inform the UE to remain in RRC inactive state. Besides, gNB-CU may trigger UE context setup procedure to setup SRB1 in order to inform UE to enter into idle mode.

7. The gNB-CU generates RRC connection resume/setup/release message towards UE. The RRC message is encapsulated in F1AP message DL RRC MESSAGE together with SRB ID. 

8. The gNB-DU forwards RRC message to UE either over SRB0 or SRB1 as indicated by the SRB ID. 

NOTE:
in step 7, it is expected that gNB-CU generates RRC connection resume message for inactive to active and inactive to inactive state transition, generates RRC connection setup message for fallback to establish a new RRC connection, and generates RRC connection release message for inactive to idle state transition. The final message name are pending to RAN2 agreement.

9. UE sends RRC connection resume/setup complete message to the gNB-DU.

10. The gNB-DU encapsulates RRC in F1AP message UL RRC MESSAGE TRANSFER and send to the gNB-CU. 

NOTE:
step 9 and step 10 exist for inactive to active state transition. UE generates RRC connection resume/setup complete message for resume the existing RRC connection or fallback to a new RRC connection respectively.
3GPP
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