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1 Introduction
In RAN3#99 meeting, it is agreed that gNB should support user inactivity monitoring gNB-CU and/or gNB-DU; gNB-CU(-CP) should be aware of user inactivity. In RAN3#99bis meeting, it is agreed to introduce E1AP Bearer Context Inactivity Procedure for gNB-CU-UP to inform gNB-CU-CP the inactivity/resumption of activity related to the UE. That is, inactivity monitoring may locate at gNB-CU(-UP). In this paper, RRC state transition evolving inactive are discussed.  
2 Discussion
In the following, the RRC state transition based on the assumption of inactivity monitoring at CU(-UP) are listed. 
2.1 RRC connected to RRC inactive
 
[image: image1.emf]gNB-CU-UP

gNB-CU-CP

gNB-DU

3. F1AP: UE context release

5. E1AP: Bearer context modification request (suspend indication)

UE

1. E1AP: inactive timer

2. E1AP:Bearer Context Inactivity Notification

4. RRCConnectionRelease(I-RNTI)


Fig 1. RRC connected to RRC inactive state transition

Step 1: gNB-CU-CP sends E1AP message containing inactive timer to gNB-CU-UP.
Step 2: gNB-CU-UP performs UE inactivity monitoring based on the inactive timer. If inactive timer expires, gNB-CU-UP sends E1AP message Bearer Context Inactivity Notification to gNB-CU-CP.

Step 3: gNB-CU-CP sends F1AP message UE CONTEXT RELEASE to gNB-DU, which piggybacks RRCConnectionRelease with I-RNTI for the UE.
Step 4: gNB-DU forwards RRCConnectionRelease with I-RNTI to UE in inform it to enter into inactive mode. 

Step 5: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST containing suspend indication. 
2.2 RRC inactive to other RRC states
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Fig 2. RRC inactive to other RRC state transition

Step 1: the old gNB-CU-UP sends E1AP message BEARER CONTEXT INACTIVITY NOTIFICATION with DL data arrival indication upon DL data arrival from UPF.
Step 2: gNB-CU-CP sends F1AP message PAGING to all the possible gNB-DUs and gNBs within RNA.
Step 3: all informed gNB-DUs triggers RAN-based paging upon F1 paging. 

NOTE: Step 1-3 only exist for DL data arrival case. Upon UL data arrival, RNA update or TA update, UE triggers RRC connection resume procedure by itself without step 1-3. 

Step 4: UE performs RACH procedure towards gNB-DU (old or new).

Step 5: UE sends RRCConnectionResume message to gNB-DU.

Step 6: gNB-DU forwards RRCConnectionResume message over a non-UE associated F1AP message INITIAL UL RRC MESSAGE TRANSFER. 

NOTE: in the following, case 1 and case 2 exist for RRC inactive to RRC active state transition. 

Case 1: connect to old gNB-CU-UP

Step 7: gNB-CU-CP performs F1AP procedure UE CONTEX SETUP towards gNB-DU. 

Step 8: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST including F1-U DL TEID@DU. In case UE triggers RRC connection resume procedure by itself, Bearer Context Status Change IE should be set to “Resume” in BEARER CONTEXT MODIFICATION in order to inform gNB-CU-UP to resume user activity. 
Case 2: connect to new gNB-CU-UP

Step 7’: gNB-CU-CP performs E1AP procedure BEARER CONTEX SETUP towards the new gNB-CU-UP. 

Step 8’: gNB-CU-CP performs F1AP procedure UE CONTEXT SETUP towards gNB-DU.
Step 9’: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST to the new gNB-CU-UP, including both F1-U DL TEID@DU and data forwarding indication.

Step 10’: the new gNB-CU-UP responds with E1AP message BEARER CONTEXT MODIFICATION RESPONSE including TEID for data forwarding.
Step 11’: gNB-CU-CP sends E1AP message BEARER CONTEXT RELEASE to the old gNB-CU-UP, including TEID for data forwarding provided by the new gNB-CU-UP. 

Step A1: the gNB-CU generates RRC connection resume/setup/reject/release message towards UE. The RRC message is encapsulated in F1AP message DL RRC MESSAGE TRANSFER together with SRB ID. 
Step A2: the gNB-DU forwards RRC message to UE either over SRB0 or SRB1 as indicated by the SRB ID. 

Step A3. UE sends RRC connection resume/setup complete message to the gNB-DU.

Step A4. The gNB-DU encapsulates RRC in F1AP message UL RRC MESSAGE TRANSFER and send to the gNB-CU. 

NOTE: Step A3-A4 exist for RRC inactive to RRC active state transition. 
3 Conclusion and Proposals
Based on the discussion, we have the following observations and proposals:

Proposal 1

It is proposed to capture the RRC active to inactive state transmission procedure into 38.401. 
Proposal 1

It is proposed to capture the RRC inactive to other state transmission procedure into 38.401. 
4 Text Proposal for TS 38.401 v15.1.0

8.7
Overall procedures involving E1 and F1
8.7.X
RRC state transition
8.7.X.1 RRC connected to RRC inactive
This section gives the RRC connected to RRC inactive state transition given that gNB consists of gNB-CU-CP,gNB-CU-UP(s) and gNB-DU(s), as shown in Figure 8.7.X.1-1. 
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Fig 8.7.X.1-1 RRC connected to RRC inactive state transition

Step 1: gNB-CU-CP sends E1AP message containing inactive timer to gNB-CU-UP.

Step 2: gNB-CU-UP performs UE inactivity monitoring based on the inactive timer. If inactive timer expires, gNB-CU-UP sends E1AP message Bearer Context Inactivity Notification to gNB-CU-CP.

Step 3: gNB-CU-CP sends F1AP message UE CONTEXT RELEASE to gNB-DU, which piggybacks RRCConnectionRelease with I-RNTI for the UE.

Step 4: gNB-DU forwards RRCConnectionRelease with I-RNTI to UE in inform it to enter into inactive mode. 

Step 5: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST containing suspend indication. 
8.7.X.2 RRC inactive to other RRC state
This section gives the RRC inactive to other RRC state transition given that gNB consists of gNB-CU-CP, gNB-CU-UP(s) and gNB-DU(s), as shown in Figure 8.7.X.2-1. 
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Fig 2. RRC inactive to other RRC state transition

Step 1: the old gNB-CU-UP sends E1AP message BEARER CONTEXT INACTIVITY NOTIFICATION with DL data arrival indication upon DL data arrival from UPF.

Step 2: gNB-CU-CP sends F1AP message PAGING to all the possible gNB-DUs and gNBs within RNA.

Step 3: all informed gNB-DUs triggers RAN-based paging upon F1 paging. 

NOTE: Step 1-3 only exist for DL data arrival case. Upon UL data arrival, RNA update or TA update, UE triggers RRC connection resume procedure by itself without step 1-3. 

Step 4: UE performs RACH procedure towards gNB-DU (old or new).

Step 5: UE sends RRCConnectionResume message to gNB-DU.

Step 6: gNB-DU forwards RRCConnectionResume message over a non-UE associated F1AP message INITIAL UL RRC MESSAGE TRANSFER. 

NOTE: in the following, case 1 and case 2 exist for RRC inactive to RRC active state transition. 

Case 1: connect to old gNB-CU-UP

Step 7: gNB-CU-CP performs F1AP procedure UE CONTEX SETUP towards gNB-DU. 

Step 8: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST including F1-U DL TEID@gNB-DU. In case UE triggers RRC connection resume procedure by itself, Bearer Context Status Change IE should be set to “Resume” in BEARER CONTEXT MODIFICATION in order to inform gNB-CU-UP to resume user activity. 

Case 2: connect to new gNB-CU-UP

Step 7’: gNB-CU-CP performs E1AP procedure BEARER CONTEX SETUP towards the new gNB-CU-UP. 

Step 8’: gNB-CU-CP performs F1AP procedure UE CONTEXT SETUP towards gNB-DU.

Step 9’: gNB-CU-CP sends E1AP message BEARER CONTEXT MODIFICATION REQUEST to the new gNB-CU-UP, including both F1-U DL TEID@DU and data forwarding indication.

Step 10’: the new gNB-CU-UP responds with E1AP message BEARER CONTEXT MODIFICATION RESPONSE including TEID for data forwarding.

Step 11’: gNB-CU-CP sends E1AP message BEARER CONTEXT RELEASE to the old gNB-CU-UP, including TEID for data forwarding provided by the new gNB-CU-UP. 

Step A1: the gNB-CU generates RRC connection resume/setup/reject/release message towards UE. The RRC message is encapsulated in F1AP message DL RRC MESSAGE TRANSFER together with SRB ID. 
Step A2: the gNB-DU forwards RRC message to UE either over SRB0 or SRB1 as indicated by the SRB ID. 

Step A3. UE sends RRC connection resume/setup complete message to the gNB-DU.

Step A4. The gNB-DU encapsulates RRC in F1AP message UL RRC MESSAGE TRANSFER and send to the gNB-CU. 

NOTE: Step A3-A4 exist for RRC inactive to RRC active state transition. 
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