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1. Introduction
In RAN3 #99 meeting, the open issues for the CP-UP separation in gNB-CU were discussed. However, the issues to support the UE in the RRC-INACTIVE state in CP-UP separation are not discussed yet. Specifically, the detailed procedure when the UE transits from RRC-INACTIVE to the RRC-CONNECTED and vice versa is FFS. In this contribution, we examine these issues and then provide our view on it.
2. Discussion
2.1. State transition from RRC-CONNECTED to RRC-INACTIVE
In CP-UP separation for the gNB-CU, the RRC and the control plane part of the PDCP protocol of the gNB-CU are hosted at the gNB-CU-CP, whereas the SDAP and the user plane part of the PDCP protocol of the gNB-CU are hosted at the gNB-CU-UP [1]. Therefore, it is natural for the gNB-CU-CP hosting the RRC to decide the RRC state transition for the UE. 
Observation 1: It is the responsibility of the gNB-CU-CP to decide whether the UE enters or leaves to the RRC-INACTIVE state.
In order for the gNB-CU-CP to decide the state transition to the RRC-INACTIVE, it should be confirmed that there is no on-going UL or DL data transmission at the gNB-CU-UP. Therefore, when the user data inactivity is occurred for a certain period of time, the gNB-CU-UP needs to indicate it to the gNB-CU. To this end, a E1AP Class 2 message should be defined newly to report the user data inactivity in the gNB-CU-UP.
Proposal 1: E1AP Class 2 messages should be defined newly to report the user data inactivity in the gNB-CU-UP.
In the RAN3 #97 meeting, we agreed that the gNB-DU releases the UE context if the UE enters into the RRC-INACTIVE state as follows [2]:

	…
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.
…


In this case, both the gNB-CU-CP and the gNB-CU-UP still store the UE context, and also keep the NG connection active. Therefore, additional signalling needs to be triggered by the gNB-CU-CP in order to stop forwarding the DL data towards the UE and to request the data buffering. To this end, in last RAN3 meeting, it was agreed that the existing gNB-CU-CP triggered Bearer Context Modification procedure can be reused instead of new signalling to inform the state transition to/from the RRC-INACTIVE and to suspend/resume the data transmission [3]. 
Observation 2: The gNB-CU-CP triggered Bearer Context Modification procedure is used to inform the state transition to/from the RRC-INACTIVE and to suspend/resume the data transmission.
For RRC-CONNECTED to RRC-INACTIVE state transition procedure in CU-DU split, the following detailed procedure is captured in TS 38.401 [1]:


[image: image1.emf] 

gNB-CU

gNB-DU

 

 

UE

3. F1AP: UE CONTEXT RELEASE COMPLETE

Determines UE to 

enter into RRC 

inactive mode

1. F1AP: UE CONTEXT RELEASE COMMAND

2. RRC connection Release 


Figure 1: RRC connected to RRC inactive state transition procedure in CU-DU split
The following figure depicts the basic call flow where Proposal 1 and Observation 2 are considered for RRC-CONNECTED to RRC-INACTIVE state transition in CP-UP separation.
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Figure 2: RRC connected to RRC inactive state transition procedure in CP-UP separation
The description for the procedure above is given as follows: 
1.  The gNB-CU-UP sends a E1-AP USER DATA INACTIVITY REPORT message. 

2.  The gNB-CU-CP determines the UE to enter into the RRC-INACTIVE state.

3.  The gNB-CU-CP sends a BEARER CONTEXT MODIFICATION REQUEST message containing the information to indicate the UE now enters into the RRC-INACTIVE state.

4.  The gNB-CU-UP responds with a BEARER CONTEXT MODIFICATION RESPONSE message.


Steps 5-7 are defined in clause 8.6.1.
Proposal 2: It is proposed for RAN3 to capture the basic call flow in Figure 2 for the TS 38.401.
2.2. State transition from RRC-INACTIVE to other RRC state
In the RRC-INACTIVE state, since the NG connection is maintained between the UPF and gNB-CU-UP, the DL data is just forwarded to the gNB-CU-UP. Since the DL transmission for a PDU Session related to the UE in RRC-INACTIVE state is not allowed because of the suspension of the bearer context, the gNB-CU-UP buffers the received DL data and needs to indicate to the gNB-CU-CP that there is the buffered DL data to be sent to the UE. Therefore, a E1AP Class 2 message should be newly defined to inform the arrival of DL data for the UE in the RRC-INACTIVE state. This message is required to contain the information to identify the QoS Flow for the DL data packet in order to support the Paging Policy Differentiation feature for the RRC-INACTIVE state.
Proposal 3: A new E1AP Class 2 message should be defined with the information to identify the QoS Flow for the DL data packet.
For the CU-DU split, since the gNB-CU-CP does not host the RLC/MAC/PHY protocols, it is difficult to know which suspended radio bearers can be resumed or not without the help of the gNB-DU. The gNB-CU-CP needs to ask which radio bearers can be setup at the gNB-DU. Therefore, as shown in Figure 3, the F1AP UE Context Setup procedure is triggered by the gNB-CU-CP [1]. Since the gNB-CU-CP still stores the UE context, the F1-U UL TEID towards the gNB-CU-UP can be sent to the gNB-DU in this procedure.
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Figure 3: RRC-INACTIVE to other RRC states transition procedure in CU-DU split
After the UE context setup in gNB-DU, the gNB-CU-CP needs to resume the bearer context at the gNB-CU-UP and inform a new F1-U DL TEID towards the gNB-DU. According to Observation 2, the existing gNB-CU-CP triggered Bearer Context Modification procedure is used with the indication to resume the data transmission. 
Observation 3: After the setup for UE context in gNB-DU, the gNB-CU-CP needs to trigger the Bearer Context Modification procedure to resume the bearer context at the gNB-CU-UP and inform the F1-U DL TEID towards the gNB-DU.
When the state transition from RRC-INACTIVE to RRC-CONNECTED is triggered due to DL data arrival, one unclear point is the timing of starting transmission of the buffered DL data from the gNB-CU-UP to the UE. During the RRC state transition, the UE can receive data on DRB(s) after having received and processed RRC CONNECTION RESUME message, and confirming that security is fully resumed on UE side. However, in CP-UP separation, after the gNB-CU-UP receives the BEARER CONTEXT MODIFICATION REQUEST message containing the F1-U DL TEID and Bearer Context Status Change IE (which is set to ‘Resume’), it can immediately transmit the buffered DL data to the UE via the gNB-DU. Since the gNB-CU-UP is difficult to know whether the RRC CONNECTION RESUME message is sent to the UE without additional notification from the gNB-CU-CP, it may just start to forward the DL data towards the UE when it is informed of the F1-U DL TEIDs. If the DL data is arrived at the UE before the RRC state transition from the RRC-INACTIVE to the RRC-CONNECTED, it is just discarded, thus causing the unnecessary data retransmission from the 5GC.
Observation 4: When the UE receives the DL data before having received and processed RRC CONNECTION RESUME message from the gNB-CU-CP, the DL data is discarded, thus causing the unnecessary data retransmission from the 5GC.
One potential option is to stop the data transmission for the UE until reception of the specific indication from the gNB-CU-CP. It is possible that the gNB-CU-CP is aware of the UE’s successful state transition to the RRC-CONNECTED state. Therefore, the gNB-CU-CP is then able to inform the gNB-CU-UP of being allowed to transmit the buffered DL data towards the UE.
Proposal 4: A new E1AP class 2 message should be defined to allow transmission for the buffered DL data to the UE.
As shown in Figure 3, for RRC state transitions due to signalling exchange only, the F1AP UE Context Setup procedure is skipped to avoid unnecessary signaling over F1 interface. Similar approach can be applied to the E1 interface. In other words, when the RRC CONNECTION RESUME REQUEST message is sent to the gNB-CU-CP due to signaling exchange only, there is no DRB setup in the gNB-DU. Therefore, it is natural to skip the E1AP Bearer Context Modification procedure to resume the bearer context, thus resulting in only the exchange of control signaling between the UE and gNB-CU-CP. 
Proposal 5: For the RRC state transition from the RRC-INACTIVE due to signaling exchange only, the E1AP Bearer Context Modification procedure should be skipped.
The following figure depicts the basic call flow where above proposals are considered for RRC-CONNECTED to other RRC state transition in CP-UP separation.
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Figure 4: RRC-INACTIVE to other RRC states transition procedure in CP-UP separation
The description for the procedure above is given as follows: 
1.  If data is received from 5GC, the gNB-CU-UP buffers the data.

2.  The gNB-CU-UP sends a E1AP DOWNLINK DATA NOTIFICATION message to inform DL data arrival.

Steps 3-8 are defined in clause 8.6.2.
9.  The gNB-CU-CP sends a BEARER CONTEXT MODIFICATION REQUEST message containing the information to indicate the UE now enters into the RRC-CONNECTED state and the indication to temporarily stop the data transmission for the UE.

10. The gNB-CU-UP responds with a BEARER CONTEXT MODIFICATION RESPONSE message.

Steps 11-12 are defined in clause 8.6.2.
13. The gNB-CU-CP sends a DATA TRANSMISSION START INDICATION message to allow transmission for the buffered DL data to the UE.


Steps 14-15 are defined in clause 8.6.2.
Proposal 6: It is proposed for RAN3 to capture the basic call flow in Figure 4 for the TS 38.401.
3. Conclusion
In this contribution, we focused on open issues related to the RRC-INACTIVE state in the CP-UP separation. For these issues, we also provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: E1AP Class 2 messages should be defined newly to report the user data inactivity in the gNB-CU-UP.

Proposal 2: It is proposed for RAN3 to capture the basic call flow in Figure 2 for the TS 38.401.

Proposal 3: A new E1AP Class 2 message should be defined with the information to identify the QoS Flow for the DL data packet.
Proposal 4: A new E1AP class 2 message should be defined to allow transmission for the buffered DL data to the UE.
Proposal 5: For the RRC state transition from the RRC-INACTIVE due to signaling exchange only, the E1AP Bearer Context Modification procedure should be skipped.

Proposal 6: It is proposed for RAN3 to capture the basic call flow in Figure 4 for the TS 38.401.
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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---------------
8.7.X
RRC-CONNECTED to RRC-INACTIVE state transition involving E1 and F1
This section gives the RRC-CONNECTED to RRC-INACTIVE states transition given that gNB-CU consists of gNB-CU-CP and gNB-CU-UP(s), as shown in Figure 8.7.x-1.
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Figure 8.7.X-1: RRC-CONNECTED to RRC-INACTIVE state transition procedure in CP-UP separation
1.  The gNB-CU-UP sends a E1AP USER DATA INACTIVITY REPORT message. 

2.  The gNB-CU-CP determines the UE to enter into the RRC-INACTIVE state.
3.  The gNB-CU-CP sends a BEARER CONTEXT MODIFICATION REQUEST message containing the information to indicate the UE now enters into the RRC-INACTIVE state.

4.  The gNB-CU-UP responds with a BEARER CONTEXT MODIFICATION RESPONSE message.
Steps 5-7 are defined in clause 8.6.1.
----------------End of the First Change---------------
----------------Start of the Second Change---------------
8.7.Y
RRC-INACTIVE to other RRC state transition involving E1 and F1
This section gives the RRC-INACTIVE to other RRC state transition given that gNB-CU consists of gNB-CU-CP and gNB-CU-UP(s), as shown in Figure 8.7.Y-1.
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Figure 8.7.Y-1: RRC-INACTIVE to other RRC state transition procedure in CP-UP separation
1. If data is received from 5GC, the gNB-CU-UP buffers the data.

2.  The gNB-CU-UP sends a E1AP DOWNLINK DATA NOTIFICATION message to inform DL data arrival.

Steps 3-8 are defined in clause 8.6.2.
9.  The gNB-CU-CP sends a BEARER CONTEXT MODIFICATION REQUEST message containing the information to indicate the UE now enters into the RRC-CONNECTED state and the indication to temporarily stop the data transmission for the UE.

10. The gNB-CU-UP responds with a BEARER CONTEXT MODIFICATION RESPONSE message.

Steps 11-12 are defined in clause 8.6.2.
13. The gNB-CU-CP sends a DATA TRANSMISSION START INDICATION message to allow transmission for the buffered DL data to the UE.


Steps 14-15 are defined in clause 8.6.2.
----------------End of the Second Change---------------[image: image7.png]
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