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1. Introduction
In the last RAN3 #97 meeting, it was agreed that the F1AP procedure, e.g. UE CONTEXT RELEASE, is used for gNB-CU to inform gNB-DU to release UE context when UE enters into RRC-INACTIVE mode. However, there are still some open issues to support the UE in the RRC-INACTIVE state for the CU-DU split. Specifically, the detailed procedure when the UE transits from RRC-INACTIVE to the RRC-CONNECTED is FFS. In this contribution, we examine these issues and then provide our view on it.
2. Discussion
2.1. UE triggered transition to RRC_CONNECTED at anchor gNB 
In the last RAN3 #97 meeting, we agreed that the gNB-DU releases the UE context if the UE enters into the RRC-INACTIVE state as follows [1]:
	…
Use F1AP procedure, e.g. UE CONTEXT RELEASE, for gNB-CU to inform gNB-DU to release UE context when UE enters into RRC_INACTIVE mode.
…


If the UE accesses the last serving gNB to transit from the RRC-INACTIVE state to the RRC-CONNECTED state, it first sends RRC CONNECTION RESUME REQUEST message including the resume ID to the gNB-CU via the gNB-DU. Then, the gNB-CU checks whether it has the valid UE context by verifying the UE identity. If there is no valid UE context indicated by the Resume ID, the gNB-CU will send the RRC CONNECTION SETUP message by using the DL RRC MESSAGE TRANSFER message. Then, the rest of the initial access procedure in TS 38.401 is executed [2].

If there is the valid UE context, in order to resume the RRC connection for the UE, the gNB-CU needs to setup the F1 connection for the UE and establish the overall UE context in the gNB-DU based on the stored UE context. Similar to the UE initial access procedure in TS 38.401 [2], there may be three possible options to setup the F1 connection for the UE and establish the overall UE context in the gNB-DU as follows:

· Option 1: The gNB-CU allocates UE F1AP ID for the UE. The RRC CONNECTION RESUME message towards UE is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. After receiving the RRC CONNECTION RESUME COMPLETE message, the gNB-CU then sends the UE CONTEXT SETUP REQUEST message to establish overall UE context in the gNB-DU.
· Option 2: The gNB-CU initiates the UE Context Setup procedure and includes the RRC CONNECTION RESUME message in F1-AP UE CONTEXT SETUP REQUEST message.
· Option 3: The gNB-CU first initiates the UE Context Setup procedure, and then sends the F1-AP DL RRC MESSAGE TRANSFER message including the RRC CONNECTION RESUME message.
If the Option 1 or 2 is adopted, however, there may be a problem when the RRC CONNECTION RESUME message is sent to the UE. The gNB-CU just sends to the UE the RRC CONNECTION RESUME message without checking whether the gNB-DU can successfully establish the UE context and fully setup the radio bearers suspended when the UE is sent to the RRC-INACTIVE state. Therefore, even when the establishment of the UE context and/or the setup of the radio bearers is failed in the gNB-DU, there is a possibility the UE receives the RRC CONNECTION RESUME message instead of the RRC CONNECTION REJECT message. Specifically, for the Option 1, since the gNB-CU initiates the UE Context Setup procedure after receiving the RRC CONNECTION RESUME COMPLETE message, the failure for the UE context establishment in the gNB-DU causes unnecessary signalings and critical latency between the UE and gNB-CU.

In addition, when the UE receives the RRC CONNECTION RESUME message from the gNB, it thinks that the state transition to the RRC-CONNECTED is successful. However, for Option 1 and 2, there is no UE context in the gNB-DU. So, if the UE transmits the UL data to the gNB, the gNB-DU cannot forward it to the gNB-CU because it does not have any DRBs for the UE. This may cause the UE any inconvenience.

Observation 1: The Option 1 and 2 are difficult to be used to setup the F1 connection for the UE and establish the overall UE context in the gNB-DU when the state transition is occurred from the RRC-INACTIVE to RRC-CONNECTED.
For Option 3, however, the gNB-CU first initiates the UE Context Setup procedure. Therefore, it can provide the RRC CONNECTION RESUME or RRC CONNECTION REJECT message to the UE according to the result of the UE Context Setup procedure. This option is possible to reduce unnecessary signallings and latency compared to the Option 1 and 2. Also, it makes the UE’s experience better.
Observation 2: The Option 3 reduces unnecessary signallings and latency compared to the Option 1 and 2.
With the observations above, the following proposal is suggested to RAN3.

Proposal 1: It is proposed for RAN3 to adopt Option 3 to support the RRC connection resumption in CU-DU split.
Based on this principle, the following figure depicts the basic call flow where the Option 3 is adopted to resume the RRC connection in the last serving gNB.
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Figure 1. Example of RRC connection resume procedure in the last serving gNB
The description for the procedure above is given as follows: 
1.  The UE sends RRC CONNECTION RESUME REQUEST message to the gNB-CU. The Resume ID is included to be used by the gNB to access the stored information required to resume the RRC connection.
2.  The gNB-DU includes the RRC message in a non-UE associated F1-AP INITIAL UL RRC MESSAGE TRANSFER message and transfers to the gNB-CU. The INITAIL UL RRC MESSAGE TRANSFER message should include C-RNTI.
1-4.  The gNB-CU allocates UE F1AP ID for the UE and initiates the UE Context Setup procedure based on the stored UE context identified by the Resume ID.
5.  The gNB-CU generates RRC CONNECTION RESUME message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message.
6.  The gNB-DU sends RRC CONNECTION RESUME message to UE.
7.  The UE sends RRC CONNECTION RESUME COMPLETE message to the gNB-CU.
8.  The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU.
Proposal 2: It is proposed for RAN3 to capture the basic call flow in Figure 1 for the TS 38.401.
2.2. UE triggered transition to RRC_CONNECTED at other gNB
If the UE accesses a gNB other than the last serving gNB, the receiving gNB does not have the UE context indicated by the Resume ID. As shown in subclause 9.2.2.4.1 of TS 38.300 [3], the receiving gNB needs to trigger the Xn-AP Retrieve UE Context procedure to get the UE context from the last serving gNB before sending the RRC CONNECTION RESUME message to the UE. This means that in CU-DU split, the CU in the gNB other than the last serving gNB should initiate the UE Context Setup procedure after the UE Context is successfully retrieved from the last serving gNB as follows:
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Figure 2. Example of RRC connection resume procedure in the receiving gNB
Proposal 3: The CU in the receiving gNB should initiate the UE Context Setup procedure towards the gNB-DU after the UE Context is successfully retrieved from the last serving gNB.
2.3. Periodic RAN-based notification area update in CU-DU split 

A RAN-based notification area update (RNAU) is periodically sent by the UE and is also sent when the cell reselection procedure of the UE selects a cell that does not belong to the configured RAN-based notification area [3]. Specifically, the periodic RNAU is used for the UE to notify the network that it is still reachable in the RAN-based notification area. The UE returns into the RRC-INACTIVE state after the periodic RNAU. Therefore, repeating the establishment and release for the UE context in the gNB-DU whenever the RNAU is triggered seems to be unnecessary and wasteful. This is because there may be no data transmission between the UE and gNB during the RNAU. 
Observation 3: Repeating the establishment and release for the UE context in the gNB-DU whenever the RNAU is triggered seems to be unnecessary.
According to the RAN2’s agreements, the gNB can distinguish the RNAU from the other procedures based on the RRC establishment cause in the RR CONNECTION RESUME REQUEST message. In addition, the gNB may be aware of the periodic RNAU other than the RNAU triggered by the mobility out of the RAN-based notification according to the location information of the UE. 
Observation 4: The gNB can be aware of the periodic RNAU other than the RNAU triggered by the mobility out of the RAN-based notification.
Therefore, for the periodic RNAU, the gNB-CU can skip the UE Context Setup procedure to avoid repeating the establishment and release for the UE context in the gNB-DU as follows:
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Figure 3. Example of periodic RNAU in CU-DU split
In this case, although the establishment of the UE context is skipped in the gNB-DU, the F1 connection for the UE can be setup since the UE F1AP ID allocated by the gNB-CU is delivered by the DL RRC MESSAGE TRANSFER message. After receiving the RRC CONNECTION RESUME COMPLETE message, the gNB-CU can initiate the UE Context Release procedure to move the UE to the RRC-INACTIVE state. With the signal reduction, therefore, the UE notifies the network that it is still reachable within the RAN-based notification area.
Proposal 4: The gNB-CU should skip the UE Context Setup procedure for the periodic RNAU.
3. Conclusion
In this contribution, we focused on open issues related to the state transition from the RRC-INACTIVE to RRC-CONNECTED in the CU-DU split. For these issues, we also provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: It is proposed for RAN3 to adopt Option 3 to support the RRC connection resumption in CU-DU split.

Proposal 2: It is proposed for RAN3 to capture the basic call flow in Figure 1 for the TS 38.401.
Proposal 3: The CU in the receiving gNB should initiate the UE Context Setup procedure towards the gNB-DU after the UE Context is successfully retrieved from the last serving gNB.

Proposal 4: The gNB-CU should skip the UE Context Setup procedure for the periodic RNAU.
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5. Appendix : Text proposal to TS 38.401
This appendix provides the Text proposal to TS 38.401 based on the proposals of this contribution.
----------------Start of the First Change---------------
8.X
UE triggered transition from RRC_INACTIVE to RRC_CONNECTED 
Editor Note: This subclause shows overall procedures for UE triggered state transition from RRC_INACTIVE to RRC_CONNECTED.

The signalling flow for UE triggered transition from RRC_INACTIVE to RRC_CONNECTED is shown in Figure 8.X-1.
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Figure 8.X-1: RRC connection resume procedure in the last serving gNB
Step 1: The UE sends RRC CONNECTION RESUME REQUEST message to the gNB-CU. The Resume ID is included to be used by the gNB to access the stored information required to resume the RRC connection. 
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.
Step 3-4: The gNB-CU allocates UE F1AP ID for the UE and initiates the UE Context Setup procedure based on the stored UE context identified by the Resume ID. 
Step 5: The gNB-CU generates RRC CONNECTION RESUME message towards UE. The RRC message is encapsulated in F1-AP DL RRC MESSAGE TRANSFER message. 
Step 6: The gNB-DU sends RRC CONNECTION RESUME message to UE. 
Step 7: The UE sends RRC CONNECTION RESUME COMPLETE message to the gNB-CU.
Step 8: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and send to gNB-CU.
----------------End of the First Change---------------
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