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1
Introduction
This paper discusses the open issue for RRC information exchange in UE context management and proposes to introduce RRC container. This paper also provides TPs and proposes to send an LS to RAN2 to specify such RRC container.

2
Discussion

RAN3 has been discussing how to configure RRC parameters at gNB-CU and gNB-DU. According to the agreements, gNB-CU and gNB-DU have its own radio configuration. Therefore, during UE context setup, gNB-CU and gNB-DU need to coordinate those parameters and gNB-CU should create the final RRC messages toward the UE. However, the details to support this mechanism have not been specified. (See TS 38.401 Sec. 8.4.1.1 and TS 38.473 (no such info available)

==
8.4.1
Secondary Node Addition
8.4.1.1
EN-DC

This section gives the SgNB addition procedure in EN-DC given that en-gNB consists of gNB-CU and gNB-DU(s), as shown in Figure 8.4.1.1-1. 
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Figure 8.4.1.1-1 SgNB addition procedure in EN-DC
1~8: refer to TS 37.340[14]

a1: After receiving SgNB Addition Request message from MeNB, gNB-CU sends the UE Context Setup Request message to gNB-DU to create UE context
a2: gNB-DU responds to gNB-CU with UE Context Setup Response message
==

There are mainly two points for consideration.
1) RRC information from the gNB-CU to gNB-DU in UE Context Setup Request message: This should at least contain UE capability.

2) RRC information from the gNB-DU to gNB-CU in UE Context Setup Response message: This should contain the gNB-DU own configuration.

To achieve above, RAN3 needs to consider whether to exchange those information over F1AP IE, or RRC Container. In case of RRC Container, RAN3 must ask RAN2 to define them in RRC specification. Since it is very complicated to specify RRC parameters as F1AP IE, we propose to specify them as part of RRC Container, and ask RAN2 to specify them. In this RRC Container, we should allow gNB-DU to change the PSCell or PCell indicated by the gNB-CU. This is because there may be a case for changing the carrier according to the load situation in the gNB-DU due to admission control performed in gNB-DU.  The gNB-DU may choose a new PSCell in the same coverage area (sector) based on the carrier load.

Proposal 1: It is proposed to specify RRC Container in UE Context Setup Request and UE Context Setup Response, and UE Context Modification Request and UE Context Modification Response. It should be allowed for the gNB-DU to choose different cells as PSCell, PCell or SCells from the ones indicated by the gNB-CU.
Proposal 2: It is proposed to agree on the TP provided in the Annex for TS 38.401, and [1] for TS 38.473.

Proposal 3: It is proposed to send an LS to RAN2 to ask to specify RRC Container for UE Context Management procedures, as provided in [2].
3
Conclusions
Proposal 1: It is proposed to specify RRC Container in UE Context Setup Request and UE Context Setup Response, and UE Context Modification Request and UE Context Modification Response. It should be allowed for the gNB-DU to choose different cells as PSCell, PCell or SCells from the ones indicated by the gNB-CU.
Proposal 2: It is proposed to agree on the TP provided in the Annex for TS 38.401, and [1] for TS 38.473.

Proposal 3: It is proposed to send an LS to RAN2 to ask to specify RRC Container for UE Context Management procedures, as provided in [2].
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8
Overall procedures in gNB-CU/gNB-DU Architecture

Editor Note: This clause shows overall procedures including signalling flows in gNB-CU / gNB-DU architecture e.g. initial access from the UE, inter-DU mobility etc. The main focus is on gNB-CU and gNB-CU while also need to show UE and 5GC for understanding the interaction.

8.1
UE Initial Access 
Editor Note: This subclause shows overall procedures for initial access from the UE.

Editor Note: The name of this subclaues is FFS. 
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
Step1: UE sends RRC Connection Request message to the gNB-CU. 
Step 2:The gNB-DU includes the RRC message in a non-UE associated F1-AP INITIAL UL RRC MESSAGE TRANSFER message and transfer to the gNB-CU. The INITAIL UL RRC MESSAGE TRANSFER message should include C-RNTI.
Step3: The gNB-CU allocates UE F1AP ID for the UE and generates RRC CONNECTION SETUP message towards UE.The RRC message is encapsulated in  F1-AP DL RRC MESSAGE TRANSFER message. 
Editor’s note: Alternative 2 is that gNB-CU initiates UE Context Setup procedure and includes RRC CONNECTION SETUP message in F1-AP UE CONTEXT SETUP REQUEST message.
Editor’s note: Alternative 3 is that UE Context Setup procedure is added between step 2 and step 3.
Editor’s note: It is FFS which alternative would be adopted.
Step4: The gNB-DU sends RRC CONNECTION SETUP message to UE.
Step5: UE sends RRC CONNECTION SETUP COMPLETE message to the gNB-CU. 
Step6: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU. 
Step7: The gNB-CU sends the INITIAL UE MESSAGE to the AMF.
Step8: The AMF sends INITIAL UE CONTEXT SETUP REQUEST message to the gNB-CU.
Step9:The gNB-CU sends UE CONTEXT SETUP REQUESTmessage with RRC Container to establish overall initial UE context in the gNB-DU.In this message,it may also encapsulate RRC SECURITY MODE COMMAND message.

Editor’s note: For alternative 2 and alternative 3, the UE context setup procedure in step 9 and step 11 is substituted by UE Context Modification procedure.
Editor’s note:It is FFS whether RRC SECURITY MODE COMMAND message could be sent via UE Context management procedure or use another separate F1-AP DL RRC MESSSAGE TRNASFER.
Step10: The gNB-DU sends RRC SECURITY MODE COMMAND message to UE.

Step11:The gNB-DU sends UE CONTEXT SETUP RESPONSE message with RRC Container to gNB-CU.

Step 12:UE responds with RRC SECURITY MODE COMPLETE message

Step 13:The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and sends to gNB-CU.

Step14:The gNB-CU generates RRC CONNECTION RECONFIGURATION message and encapsulates it in F1-AP DL RRC MESSAGE TRANSFER message 
Step 15: The gNB-DU sends RRC CONNECTION RECONFIGURATION message to UE.

Step 16: UE sends RRC CONNECTION RECONFIGURATION COMPLETE message to the gNB-DU. 
Step 17:The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU.
Step18: The gNB-CU sends Initial UE Context Setup Response message to the AMF.
Editor’s note: The name of the message is FFS.
Editor Note: Further check may be needed on the procedure.
8.2
Intra-gNB-CU Mobility

Editor Note: This subclause shows overall procedures for inter-DU mobility.

Editor Note: Further check may be needed on the procedures.
Editor Note: It is FFS whether to capture a signalling flow for inter-gNB-CU mobility case. 

8.2.1
Intra-NR Mobility
8.2.1.1
Inter-gNB-DU Mobility
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation. Figure 8.2.1-1 shows the inter-gNB-DU mobility procedure for intra-NR.
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Figure 8.2.1.1-1: Inter-gNB-DU Mobility for intra-NR
1.
The UE sends a Measurement Report message to the source gNB-DU.

2.
The source gNB-DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report. 
3.
The gNB-CU sends an UE Context Setup Request message with RRC Container to the target gNB-DU to create an UE context and setup one or more bearers, which contains Target Cell ID (FFS).
4.
The target gNB-DU responds the gNB-CU with an UE Context Setup Response message with RRC Container, which contains MobilityControlInfo (FFS). 
5.
The gNB-CU sends a UE Mobility Command message, which includes a generated RRCConnectionReconfiguration message and indicates to stop the data transmission for the UE, to the source gNB-DU. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the target gNB-DU.

Editor’s note: It is FFS whether the UE Mobility Command message contains the information on whether the handover is inter-CU or intra-CU.
6.
The source gNB-DU forwards the received RRCConnectionReconfiguration to the UE.

7.
The source gNB-DU responds the gNB-CU with UE Mobility Command Acknowledge message.
Editor’s note: It is FFS whether the UE Mobility Command Acknowledge may contain the information about the unsuccessfully delivered PDCP PDUs.
8.
Random Access procedure is performed at the target gNB-DU. 
Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.
9.
The UE responds the target gNB-DU with an RRCConnectionReconfigurationComplete message.
10.
The target gNB-DU sends an Uplink RRC Transfer message to convey the received RRCConnectionReconfigurationComplete to the gNB-CU. Downlink packets are sent to the UE. Also, uplink packets are sent from the UE, which are forwarded to the gNB-CU through the target gNB-DU.
11.
The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
12.
The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
8.2.1.2
Intra-gNB-DU inter-cell mobility (FFS)
Editor’s note: It is FFS whether to capture the following signalling flow..
This procedure is used for the case that UE moves from one cell to another cell within the same gNB-DU during NR operation. Figure 8.2.1.2-1 shows the intra-gNB-DU inter-cell mobility procedure for intra-NR.
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Figure 8.2.1.2-1: Signaling flow for intra-gNB-DU inter-cell mobility
1. Data transmission is ongoing.
2. The gNB-CU makes a handover decision.

3. The gNB-CU sends the UE Context Modification Request message to the gNB-DU, which contains Target Cell ID for handover (FFS).
4. The gNB-DU responds the gNB-CU with an UE Context Modification Response after resource preparation in target cell is finished, which contains MobilityControlInfo (FFS). 
5. The gNB-CU sends a DL RRC message transfer which includes RRCConnectionReconfiguration to the gNB-DU.

6. The gNB-DU forwards the received RRCConnectionReconfiguration to the UE.
7. Random Access procedure is performed at the target cell of gNB-DU.
8. The UE responds the gNB-DU with an RRCConnectionReconfigurationComplete message.
9. The gNB-DU sends an Uplink RRC Transfer message to convey the received RRCConnectionReconfigurationComplete to the gNB-CU.
8.2.2
EN-DC Mobility
8.2.2.1
Inter-gNB-DU Mobility using MCG SRB
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU when only MCG SRB is available during EN-DC operation. Figure 8.2.2.1-1 shows the inter-gNB-DU mobility procedure using MCG SRB in EN-DC.
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Figure 8.2.2.1-1: Inter-gNB-DU Mobility using MCG SRB in EN-DC
1.
The UE sends a Measurement Report message to the MeNB.

2.
The MeNB sends an SgNB Modification Request.

3.
The gNB-CU sends an UE Context Setup Request message with RRC Container to the target gNB-DU to create an UE context and setup one or more bearers.
4.
The target gNB-DU responds the gNB-CU with an UE Context Setup Response message with RRC Container. 
5.
The gNB-CU responds the MeNB with an SgNB Modification Request Acknowledge message.

6.
The gNB-CU sends a UE Mobility Command message to the source gNB-DU indicating to stop the data transmission to the UE. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE.
7.
The source gNB-DU responds the gNB-CU with an UE Mobility Command Acknowledge message.
8.
The MeNB and the UE perform RRC Reconfiguration procedure.

9.
The MeNB sends an SgNB Reconfiguration Complete message to the gNB-CU. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the target gNB-DU. 
10.
Random Access procedure is performed at the target gNB-DU. Downlink packets are sent to the UE. Also, uplink packets are sent from the UE, which are forwarded to the gNB-CU through the target gNB-DU.
Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.
11.
The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
12.
The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
8.2.2.2
Inter-gNB-DU Mobility using SCG SRB
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU when SCG SRB is available during EN-DC operation. The procedure is the same as inter-gNB-DU Mobility for intra-NR as defined in Section 8.2.1.1.


8.3
Mechanism of centralized retransmission of lost PDUs

8.3.1
Centralised Retransmission in Intra gNB-CU Cases
This mechanism allows to perform the retransmission of the PDCP PDUs that are not delivered by a gNB-DU (gNB-DU1) because the corresponding radio links toward the UE are subject to outage, When such outage occurs, the gNB-DU affected by outage informs the gNB-CU of such event. gNB-CU can switch transmission of data traffic, as well as retransmission of undelivered PDCP PDUs, from the gNB-DU affected by outage to other available gNB-DUs (e.g. gNB-DU2 in Figure 8.3.1-1) with a well-functioning radio link toward the UE. 
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Figure 8.3.1-1 Procedure for centralised retransmission in intra gNB-CU scenarios

The mechanism is shown in Figure 8.3.1-x and targets the multi-connectivity scenario, where a UE is served by multiple DRBs established at least on two DUs, and it includes the following steps:

0. The UE is connected and can transmit/receive data to/from gNB-DU1 and gNB-DU2.

1. gNB-DU1 realizes that the radio link towards the UE is experiencing outage.

2. gNB-DU1 sends the “Radio Link Outage” notification message to the gNB-CU over the F1-U interface, as part of the DDDS PDU. The message includes the Number of lost F1-U Sequence Number ranges reported corresponding to the PDCP PDUs partially (and/or totally) undelivered in gNB-DU1.

3. gNB-CU decides to switch data traffic transmission and retransmission of PDCP PDUs that were undelivered in gNB-DU1 via gNB-DU2. gNB-CU stops sending downlink traffic to gNB-DU1. The radio leg between gNB-DU1 and the UE is not necessarily removed.

4. gNB-CU starts sending traffic (namely new PDUs and potentially retransmitted PDUs) to gNB-DU2

5. If gNB-DU1 realizes that the link toward the UE is back in normal operation, it sends a “Radio Link Resume” notification message as part of the DDDS PDU over the F1-U interface to inform the gNB-CU that the radio link can be used again.

6. gNB-CU may start sending traffic (namely new PDUs and potentially retransmitted PDUs) via gNB-DU1 again.

8.3.2
Centralised Retransmission in Inter gNB-CU Cases

Editor’s Note: The content of this section and whether a notification over F1-C is needed in some cases is FFS.

8.4
Multi-Connectivity operation

Editor’s Note: the F1AP message name over F1 interface is FFS.
8.4.1
Secondary Node Addition
8.4.1.1
EN-DC

This section gives the SgNB addition procedure in EN-DC given that en-gNB consists of gNB-CU and gNB-DU(s), as shown in Figure 8.4.1.1-1. 
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Figure 8.4.1.1-1 SgNB addition procedure in EN-DC
1~8: refer to TS 37.340[14]
a1: After receiving SgNB Addition Request message from MeNB, gNB-CU sends the UE Context Setup Request message with RRC Container to gNB-DU to create UE context
a2: gNB-DU responds to gNB-CU with UE Context Setup Response message with RRC Container. The gNB-DU may choose the different cell as PSCell or SCells from the ones indicated by the gNB-CU.
8.4.2
Secondary Node Release (MN/SN initiated)
8.4.2.1
EN-DC

This section gives the SgNB release procedure in EN-DC given that en-gNB consists of gNB-CU and gNB-DU(s). 

MN initiated SN Release
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Figure 8.4.2.1-1 SgNB release procedure in EN-DC (MN initiated)
1~7: refer to TS 37.340 [14]
a1: After receiving UE Context Release message from MeNB, gNB-CU sends the UE Context Release Request message to gNB-DU to release UE context

a2: gNB-DU responds to gNB-CU with UE Context Release Response message.
SN initiated SN Release
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Figure 8.4.2.1-2 SgNB release procedure in EN-DC (SN initiated)
1~8: refer to TS 37.340 [14]
a1: After receiving UE Context Release message from MeNB, gNB-CU sends the UE Context Release Request message to gNB-DU to release UE context

a2: gNB-DU responds to gNB-CU with UE Context Release Response message.
Editor’s Note: Further check may be needed for MN/SN initiated SN release procedure, e.g., add UE Context Modification Request/Response after Step 1 for MN initiated, after Step 2 for SN initiated in order to stop the data transmission at the UE
8.5
F1 Startup and cells activation
This function allows to setup the F1 interface between a gNB-DU and a gNB-CU and it allows to activate the gNB-DU cells.
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Figure 8.5-1: F1 startup and cell activation
0. The gNB-DU and its cells are configured by OAM in the F1 pre-operational state. The gNB-DU has TNL connectivity toward the gNB-CU.

1. The gNB-DU sends an F1 Setup Request message to the gNB-CU including a list of cells that are configured and ready to be activated. 

2. In NG-RAN, the gNB-CU ensures the connectivity toward the core network. For this reason, the gNB-CU may initiate NG Setup or gNB Configuration Update procedure towards 5GC.

3. The gNB-CU sends an F1 Setup Response message to the gNB-DU that optionally includes a list of cells to be activated. If the gNB-DU succeeds to activate the cell(s), then the cells become operational. If the gNB-DU fails to activate some cell(s), the gNB-DU may initiate gNB-DU Configuration Update procedure towards the gNB-CU.  
4. The gNB-CU may send a gNB-CU Configuration Update message to the gNB-DU that optionally includes a list of cells to activated, e.g., in case that these cells were not activated using the F1 Setup Response message. 

5. The gNB-DU replies with a gNB-DU Configuration Update Acknowledge message that optionally includes a list of cells that failed to be activated. 
6. The gNB-CU may initiate Xn Setup or X2 Setup procedure towards the neighbor gNB or eNB, respectively.
NOTE: In case that the F1 Setup Response is not used to activate any cell, step 2 can be performed after step 3.
End of Text Proposal to TS 38.401
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