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6
NG-RAN architecture

6.1
Overview
6.1.1
Overall Architecture of NG-RAN
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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:
In case of network sharing with multiple cell ID broadcast, each Cell Identity associated with a subset of PLMNs corresponds to a gNB-DU and the gNB-CU it is connected to, i.e. the corresponding gNB-DUs share the same physical layer cell resources.
NOTE:
For resiliency, a gNB-DU may be connected to multiple gNB-CUs 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.
The node hosting user plane part of NR PDCP (e.g. gNB-CU, gNB-CU-UP, and for EN-DC, MeNB or SgNB depending on the bearer split) shall perform user inactivity monitoring and further informs its inactivity or (re)activation to the node having C-plane connection towards the core network (e.g. over E1, X2). The node hosting NR RLC (e.g. gNB-DU) may perform user inactivity monitoring and further inform its inactivity or (re)activation to the node hosting control plane, e.g. gNB-CU or gNB-CU-CP.
UL PDCP configuration (i.e. how the UE uses the UL at the assisting node) is indicated via X2-C (for EN-DC), Xn-C (for NG-RAN) and F1-C. Radio Link Outage/Resume for DL and/or UL is indicated via X2-U (for EN-DC), Xn-U (for NG-RAN) and F1-U.
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.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

7.1
NG-RAN sharing
NG-RAN supports radio access network sharing as specified in TS 23.501 [3] and TS 38.300 [2] and TS 36.300 [x]. 

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

8.x
Support of Network Sharing with multiple cell-ID broadcast
8.x.1
General
This section describes necessary additions as compared to the case where network sharing with multiple cell-ID broadcast is not applied.

The signalling flows in the subsequent sections assuming 2 sharing operators, A and B. The F1-C signalling transport deployment used is indicated within the subsequent sections.
8.x.2
Initial Registration – separate PLMN signalling
The signalling flow for Initial Registration for network sharing with multiple cell-ID broadcast with separate per-PLMN signalling is shown in Figure 8.x.2-1.
In this example message flow
-
the UE is assumed to not provide an ue-Identity from which the DU is able to deduce the PLMN ID.
-
each F1-C interface instance uses a separate signalling transport or share signalling transport with other F1-C interface instances.
-
the gNB-DUA/B entity shown in Figure 8.x.2-1 is a simplified representation of the gNB-DUA of PLMN A, the gNB DUB of PLMN B and respective radio resources of the shared cell.
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Figure 8.x.2-1: UE Initial Access procedure and network sharing with multiple cell-ID broadcast
NOTE:
Steps 1-5 are defined in clause 8.1. Note, that the selectedPLMN-Identity is provided in step 5.
6.
The gNB-DUA sends the F1AP UE CONTEXT RELEASE REQUEST message to the gNB-CUA. including a Cause set to “PLMN not served by the CU”.
7.
The gNB-DUB sends the F1AP INITIAL UL RRC MESSAGE to the gNB-CUB. including the NR CGI associated with PLMNB, the C-RNTI indicated by the gNB-DUA at step 2, and the RRC-Container with the RRC message received in step 5. 
8. The gNB-CUA triggers the F1AP UE Context Release procedure. 
NOTE: Initiating procedures from gNB-DUA towards gNB-CUA and from gNB-DUB to gNB-CUB in parallel is not precluded.
8.x.3
RRC Connection Reestablishment – separate PLMN signalling 
The signalling flow for RRC Connection Reestablishment for network sharing with multiple cell-ID broadcast with separate per-PLMN signalling is shown in Figure 8.x.3-1.
In this example message flow

-
each F1-C/Xn-C interface instance uses either a separate signalling transport or share signalling transport with other interface instances.
-
the New gNB-DUA/B entity shown in Figure 8.x.3-1 is a simplified representation of the New gNB-DUA of PLMN A, the New gNB DUB of PLMN B and respective radio resources of the shared cell.
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Figure 8.x.3-1: RRC Connection Reestablishment and network sharing with multiple cell-ID broadcast
1.
The UE sends the RRCReestablishmentRequest.
2A-5A.
Depicts the case where the UE context could not be retrieved by the new gNB-CUA. In step 2A, the NR CGI associated to PLMNA is indicated. In step 5A, the gNB-CUA would prepare the possibility to revert back to normal RRC Connection Establishment, indicating that the UE Context was not retrieveable and may include the re-directed RRC message as received in step 1. If the New gNB-DUA/B was not able to deduce the RRC message from step 1, this indicator triggers step 2B. The New gNB-DUA is supposed to trigger the release the UE-associated signalling connection (not shown).
2B-5B.
Depicts the case where the UE context was retrieveable by the new gNB-CUB. In step 2B, the NR CGI associated to PLMNB is indicated. 2B also includes the C-RNTI allocated at reception of step 1.
6-8.
The RRC Connection Reestablishment continues with the New gNB-CUB.
NOTE:
If all gNB-CUs indicate that the UE context is not retrievable, the RRC connection reestablishment falls back to RRC Connection setup, as described in section 8.x.2.
8.x.4
Support of shared signalling transport 
This section specifies for F1-C, Xn-C and, in case of EN-DC, for X2-C, how an interface instance is identified in case of network sharing with multiple cell ID broadcast with shared signalling transport.

For UE associated signalling, the interface instance is identified by assigning on F1-C appropriate UE F1AP IDs, on Xn-C appropriate UE XnAP IDs and on X2-C appropriate UE X2AP IDs.
For non-UE associated signalling, the interface instance is identified on F1-C by the assigning an appropriate value to the Transaction ID, on Xn-C and X2-C by including the Interface Instance Indication in the respective message and assigning an appropriate value to it.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

Annex X: NG-RAN Architecture for Radio Access Network Sharing with multiple cell ID broadcast (informative)
Each gNB-DU serving a cell identified by a Cell Identity associated with a subset of PLMNs is connected to a gNB-CU via a single F1-C interface instance.

Each F1-C interface instance is setup individually.

F1-C interface instances terminating at gNB-DUs which share the same physical radio resources may share the same F1-C signalling transport resources. If this option is applied,
-
non-UE associated signalling is associated to an F1-C interface instance by allocating the corresponding Transaction ID from a value range associated to that F1-C interface instance. 
-
node related, non-UE associated F1-C interface signalling may provide information destined for multiple logical nodes in a single F1AP procedure instance once the F1-C interface instance is setup.
NOTE 1:
If the Interface Instance Indication corresponds to more than one interface instance, the respective F1AP message carries information destined for multiple logical nodes.
-
a UE associated signalling connection is associated to an F1-C interface instance by allocating values for the corresponding gNB-DU UE F1AP ID and gNB-CU UE F1AP ID so that they can be mapped to that interface instance.

NOTE 2:
One possible implementation is to partition the value ranges of the gNB-DU UE F1AP ID and gNB-CU UE F1AP ID and associate each value range with an F1-C interface instance.

Interpreting the content of RRC MSG3 and other unciphered RRC message by the gNB-DU is supported.

Content for System Information Broadcast is assumed to be coordinated among the sharing PLMNs. PLMN specific SIB1 content is controlled by the respective PLMN owner. Non PLMN specific content needs coordination to avoid contradicting indication by PLMN specific gNB-CUs. For Warning messages (SIB6, SIB7 and SIB8), if provided by more than one gNB-CU, warning message duplicates are identified by provision of the Message Number and the Serial Number by the gNB-CU and don’t trigger new broadcast or replace existing broadcast. Other coordination between gNB-CUs is ensured by appropriate implementation. 
<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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gNB-DUA/B
1. RRCSetupRequest
4. RRCSetup
5. RRCSetupComplete
gNB-CUA
2. F1-Initial UL RRC message 
(gNB-CU UE F1AP ID, NR CGIA, C-RNTI, RRC-Container, ...)
3. F1-DL RRC message transfer 
(gNB-CU/DU UE F1AP ID, SRB ID, RRC-Container)
gNB-CUB
6. F1-UE Context Release Request
(gNB-CU/DU UE F1AP ID, Cause=”PLMN not served by the CU”)
8. F1-UE Context Release Command/Complete
(gNB-CU/DU UE F1AP ID)
7. F1-Initial UL RRC message 
(gNB-CU UE F1AP ID, NR CGIB, C-RNTI(the very same as in step 2),  RRC-Container=RRCSetupComplete(as received in 5), ...)
DU interprets RRCSetupComplete message, i.e it is aware of PLMN(B) not being served by CUA



UE
New gNB-DUA/B
1. RRCReestablishmentRequest )
6. RRCReestablishment
7. RRCReestablishmentComplete
New gNB-CUA
2A. F1-Initial UL RRC message 
(gNB-CU UE F1AP ID, NR CGIA, C-RNTI, RRC-Container, ...)
5A. F1-DL RRC message transfer 
(gNB-CU/DU UE F1AP ID, SRB ID, RRC-Container=RRCSetup, indication that UE Context was not found,  RRC Containeras received in step 1)
8. F1-UL RRC message transfer
(gNB-CU/DU UE F1AP ID, SRB-ID, RRC-Container)
New gNB-CUB
Old gNBA
Old gNBB
3A. Xn Retrieve UE Context Request 
(New UE XnAP ID, C-RNTI, MAC-I, New Cell ID, ReestCause)
4A. Xn Retrieve UE Context Failure 
(New/Old UE XnAP ID, Cause)
2B. F1-Initial UL RRC message 
(gNB-CU UE F1AP ID, NR CGIA, C-RNTI, RRC-Container, ...)
5B. F1-DL RRC message transfer 
(gNB-CU/DU UE F1AP ID, SRB ID,  RRC-Container=RRCReestablishment)
3B. Xn Retrieve UE Context Request 
(New UE XnAP ID, UE Context ID, MAC-I, New Cell ID, ReestCause)
4B. Xn Retrieve UE Context Response 
(New/Old UE XnAP ID, UE Context, ...)
Note, that 2A and 2B could be issued in parallel



_1607797045.doc


Xn-C







gNB







gNB







gNB-CU







































F1







F1







NG-RAN







NG







NG







5GC







gNB-DU







gNB-DU












