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1. Introduction
In the last RAN3 #96 meeting, it was agreed that the C-RNTI is allocated at the gNB-DU. However, the detailed procedure for the C-RNTI allocation at the gNB-DU is still FFS. In NR, the RRC-INACTIVE state is also introduced to minimise signalling, power consumption, and resource costs in the gNB/NGC. Therefore, it is needed to consider how the CU-DU split supports the UE in the RRC-INACTIVE state. In this contribution, we examine these issues and then provide our view on it.
2. Discussion
2.1. C-RNTI allocation for RRC connection resume
In the last RAN3 #96 meeting, it was agreed that the C-RNTI is allocated at the DU for initial UE access as follows [1]:
	…
8.3
UE Context Management procedures

The purpose of the UE Context management procedure is to establish and release the necessary UE Context over F1. C-RNTI is allocated by gNB-DU during this procedure when UE initially accesses to the gNB.
Editor’s note: The detailed procedure for allocating C-RNTI is FFS.
…


As highlighted one above, the detailed procedure for the C-RNTI allocation at the gNB-DU is FFS. Therefore, it is needed to define how to allocate the C-RNTI to the UE which tries to establish, re-establish or resume the RRC connection. For the case where the gNB-CU releases RRC connection for a UE or rejects establishment, re-establishment or resumption of RRC connection for a UE, the detailed procedure for the C-RNTI allocation at the gNB-DU is discussed in [2]. 

However, the discussion paper in [2] does not consider the case where the resumption of the RRC connection is successful. It should be also discussed how to allocate the C-RNTI value at the gNB-DU for the successful RRC connection resume. Since the C-RNTI is already included into the stored UE context based on Resume ID, the UE and gNB-CU can reuse this C-RNTI value after the successful resumption of the RRC connection. However, the gNB-DU does not know that the UE has the C-RNTI which was already allocated by the gNB-DU itself in the past. The gNB-DU just considers that the UE does not have any C-RNTI value. So, it is possible that the gNB-DU allocates the new C-RNTI to the UE which tries to resume the RRC connection. This causes the mismatch for the C-RNTI value used by the gNB-DU and the gNB-CU (or UE), respectively.
Observation 1: For the UE which tries to resume the RRC connection, it is required to discuss how to efficiently manage the C-RNTI value at the gNB-DU.
In order to solve this problem, for the case where the resumption of the RRC connection in the gNB-CU is acceptable, the gNB-CU needs to send the C-RNTI to the gNB-DU to indicate using this C-RNTI which was already allocated to the UE instead of the temporary C-RNTI allocated by the gNB-DU. If the gNB-CU does not indicate to the gNB-DU the stored C-RNTI, the gNB-DU may maintain or use the C-RNTI allocated to a UE by itself. This is because the gNB-DU cannot interpret the RRC message for RRC connection resume which the gNB-CU initiates. However, the gNB-CU and UE reuse the C-RNTI value which was already allocated by the gNB-DU itself in the past. Therefore, the UE and gNB-DU may use the different C-RNTI. To avoid this problem, therefore, the C-RNTI stored at the gNB-CU should be provided to the gNB-DU when the resumption of the RRC connection is successful.

Proposal 1: The C-RNTI stored at the gNB-CU should be provided to the gNB-DU when the resumption of the RRC connection is successful.
When to accept the request for the RRC connection resume from the UE, the gNB-CU sends to the gNB-DU the DOWNLINK RRC TRANSPORT message including the container which piggybacks the RRC CONNECTION RESUME message. Based on our Proposal 1, this message may also include the C-RNTI in the UE context corresponding to Resume ID to indicate using this C-RNTI which was already allocated to the UE instead of the temporary C-RNTI allocated by the gNB-DU as shown in Figure 1. 
Proposal 2: The DOWNLINK RRC TRANSPORT message may include the stored C-RNTI value at the gNB-CU when the resumption of the RRC connection is successful.
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Figure 1. Example of call flow to efficiently manage the C-RNTI at the gNB-DU for the successful RRC connection resume
When the C-RNTI which is different to the temporary C-RNTI allocated by the gNB-DU is included into the DOWNLINK RRC TRANSPORT message, the gNB-DU has two C-RNTI values. In this case, the gNB-DU collects up or removes the C-RNTI value allocated to the UE in the RANDOM ACCESS RESPONSE message and reserves or uses the C-RNTI indicated by the gNB-CU.

Proposal 3: When the allocated C-RNTI for the UE is different to the received one, the gNB-DU should remove it and use the received C-RNTI.

2.2. Other issues on RRC-INACTIVE state in CU-DU split 

For the CU-DU split, it is needed to discuss how the gNB-CU and gNB-DU support the UE in the RRC-INACTIVE state. There will be several open issues to be solved for the CU-DU split with the RRC-INACTIVE state. For example, when the UE transits from the RRC-CONNECTED state to the RRC-INACTIVE state, it should be decided whether the F1 interface between the gNB-CU and the gNB-DU for that UE entering into the RRC-INACTIVE state is released and the UE context is removed at the gNB-DU. An alternative way to support the UE entering into the RRC-INACTIVE state is to newly define the Suspend procedure over the F1 interface. In this case, the UE context in the gNB-DU will be stored and the F1 interface between the gNB-CU and gNB-DU is suspended.

When the UE has an uplink data to be sent to the NGC or responds to the gNB for the paging, the UE requests to the gNB-CU the resumption of the suspended RBs to transmit the data or signaling. In this case, it is needed to determine whether the gNB-CU establishes the new UE context at the gNB-DU or it resumes the suspended F1 connection by newly defining the Resume procedure over F1 interface. In other words, the gNB-CU has two alternative solutions to support the resumption for the RRC connection: the UE Context Establishment procedure or Resume procedure over the F1 interface. 
In addition, for the CU-DU split, since the gNB-CU 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 needs to ask which radio bearers can be resumed at the gNB-DU. 
Proposal 4: It is required to discuss how the CU-DU split supports the UE in the RRC-INACTIVE state.
Based on the analysis above, the following proposal is suggested to RAN3:
Proposal 5: It is proposed to agree the text proposal in the appendix of this contribution.
3. Conclusion
In this contribution, we focused on open issues related to the C-RNTI allocation during the RRC connection resume and the support for the RRC-INACTIVE state 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: The C-RNTI stored at the gNB-CU should be provided to the gNB-DU when the resumption of the RRC connection is successful.

Proposal 2: The DOWNLINK RRC TRANSPORT message may include the stored C-RNTI value at the gNB-CU when the resumption of the RRC connection is successful.
Proposal 3: When the allocated C-RNTI for the UE is different to the received one, the gNB-DU should remove it and use the received C-RNTI.

Proposal 4: It is required to discuss how the CU-DU split supports the UE in the RRC-INACTIVE state.

Proposal 5: It is proposed to agree the text proposal in the appendix of this contribution.
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5. Appendix : Text proposal to TS 38.473
This appendix provides the Text proposal to TS 38.473 based on the proposals of this contribution.
----------------Start of the First Change---------------
8.x.y.z
Downlink RRC Transport
If the C-RNTI IE is included in DOWNLINK RRC TRANSPORT message and the allocated C-RNTI for the UE is different to the received one, the gNB-DU should remove it and use the received C-RNTI.
----------------End of the First Change---------------
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