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Introduction

According to the discussion in RAN3#97 meeting, the signaling flow for UE Initial access was captured in TS38.401 with all possible solution variants. In this paper, we will analyze their pros and cons and propose the final solution.
Discussion
2.1 Solutions for UE Initial access
The following three solutions were proposed and discussed in last meeting:

1) 4 Steps for initial UE context setup between gNB-CU and gNB-DU

The signaling flow is shown as below:
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                               Figure1: 4 Steps solution

The pros of this solution is listed as below:

- Separate the F1 RRC message transfer function and F1 UE context management function clearly, without any overlapping for these two individual functions;

- CU encodes RRC message for UE, and the last meeting agreement was “The gNB-CU is responsible for the encoding of the dedicated RRC message with assistance information provided by gNB-DU”, it means without the confirmation from DU on MAC/PHY resource configuration, CU can not encode the complete Msg4 RRC message for a specific UE (according to RAN2 discussion, at least SRB1 configuration is needed in Msg4) before Step4;

- Considering the Resume case, the example signaling flow for UE access is shown as below:
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                          Figure2: Signaling flow in the case of Resume
The difference compared with UE Initial access is that during Resume procedure, one or more DRBs are assumed to be resumed over F1 interface, while in Step6, Msg4 needs to include not only SRB1 configuration, but also the resumed DRB configuration (based on RAN2 agreements in last meeting). The resource status in DU will be variant from time to time, it is possible and natural that DU can reject one or more DRBs establishment request from CU in the Resume case.

As highlighted in red in Step3 and Step4, because there is no suspend UE context in DU, the resume DRB list should informed by CU, and the confirmation from DU is also needed, which is essential for CU to generate the RRC context for Msg4.

Based on the above analysis, 4 Steps solution can solve the UE initial access case the Resume case in a unified way

The cons of 4Steps solution raised in last meeting is the time delay issue, since it will introduce a round trip delay for step3 and step4. However, the time delay introduced by fronthaul will largely depend on the transport characteristic of the fronthaul rather than the signaling design, two additional F1 AP signalling will not change the magnitude of time delay.

2) 3 Steps for initial UE context setup between gNB-CU and gNB-DU

The signaling flow is shown as below:
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                                    Figure3: 3 Steps solution

The issue on this solution is that CU can not generate the Msg4 without assistance information from DU, e.g., SRB1 MAC/PHY configuration.

Furthermore, 3Steps solution can not support the resume case, only when CU gets the confirmed DRB list and SRB/DRB configuration from DU, it can construct the Resume Msg4 RRC message.

3) 2 Steps for initial UE context setup between gNB-CU and gNB-DU

The signaling flow is shown as below :
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                                   Figure4: 2 Steps solution

Similar as 3Steps solution, it also has issue on how to generate the Msg4 without assistance information from DU, e.g., SRB1 MAC/PHY configuration. Or we can accept that DU provides the SRB1 MAC/PHY configuration with Step2, but it seems not a better way, because it will expand the RRC message transfer function to overlap the UE context setup function over F1 interface. Furthermore, since DU does not decode the RRC message, it can not know whether it shall provide the SRB1 MAC/PHY configuration to CU, e.g., in the case of RRC re-establishment in the same cell, there is no need for DU to transfer the SRB1 MAC/PHY configuration to CU together with the Initial UL RRC message, CU already had the overall UE context.  

Furthermore, considering the Resume case, it is impossible to use 2Steps to complete the DRB resume procedure over F1 interface.

According to the above analysis, here we propose:

Proposal1: It is proposed to adopt 4Steps solution to support the Initial SRB and DRB Establishment for initial UE access.

2.2 Other left issues for UE Initial access

Whether CU needs to send back the C-RNTI which is allocated by DU?

For the initial UE access, in the first UE context setup request message from CU to DU (e.g., Step3 in Figure1), it does not need to send back the C-RNTI which is allocated by DU, and which is used to unique identify the UE in a specific Cell.

If there already had UE context stored in DU, CU may send back the currently used C-RNTI to DU to perform the subsequent handling, e.g., UE context Release over F1 interface. Or CU can send a flag over F1 AP messages to DU to inform DU to release UE context.

If there has no UE context stored in DU except the C-RNTI allocated for current RRC connection, CU does not need to send back the C-RNTI allocated by DU with the first downlink F1 AP message, e.g., Resume (we agreed in last meeting that DU resources and UE context in DU side will be released when UE enters into inactive mode), RRC re-establishment (UE performs RRC re-establishment in different DU), RRC reject, On-demand SI. Additionally, if DU needs to remove the newly allocated C-RNTI and any other UE related context (e.g.,DU F1 AP UE ID) during the procedure, CU may need to send a flag over F1 AP messages to DU to inform DU to release.

One specific case is UE performs RRC re-establishment in the same cell, which means that DU kept the UE context as it was before RLF, in this case, CU still needs to send the UE identity related info (e.g., old C-RNTI or old DU F1AP UE ID) to DU to recognize the previous UE context which could be used for UE connection recovery.

In short, no matter wthether there has already had UE context in DU side or not, if CU want to inform DU to release the signaling context(C-RNTI, UE F1 AP ID) or overall UE context, a UE context release flag over F1 AP messages from CU to DU seems helpful.

Proposal2: It is proposed that CU does not send back the C-RNTI to DU which is allocated by DU during Initial UE access, and a UE context release flag over F1 AP messages to DU seems helpful.
The impact of RRC security exchange on F1 interface

Before RRC CONNECTION RECONFIGURATION procedure over air interface, the AS security info exchange needs to be performed between UE and gNB. Considering CU-DU split case, those security related RRC message should be generated by CU, therefore it is proper to use F1 UL/DL RRC message transfer messages to complete the AS security info exchange over air interface before sends the DRB configuration to UE.

The signaling flow for initial UE access in TS38.401 needs to be updated.

Proposal3: It is proposed to use F1 UL/DL RRC message transfer messages to complete the AS security info exchange over air interface before sends the DRB configuration to UE.

Taking the above proposals into consideration, the corresponding stage2 TP update on Initial UE access for TS38.401 is provided as below.

Proposal4:To approve the corresponding stage2 TP update on Initial UE access for TS38.401 as below.

Conclusion
The following observations and proposals are provided:

Proposal1: It is proposed to adopt 4Steps solution to support the Initial SRB and DRB Establishment for initial UE access.

Proposal2: It is proposed that CU does not send back the C-RNTI to DU which is allocated by DU during Initial UE access, and a UE context release flag over F1 AP messages to DU seems helpful.
Proposal3: It is proposed to use F1 UL/DL RRC message transfer messages to complete the AS security info exchange over air interface before sends the DRB configuration to UE.

Proposal4:To approve the corresponding stage2 TP update on Initial UE access for TS38.401 as below.
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------------------------------------------------Stage2 TP for TS38.401----------------------------------------------------------------

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 RRCConnectionRequest to the gNB-CU. 
Step 2: The gNB-DU includes the RRC message in a 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 which is allocated by gNB-DU.

Step3: The gNB-CU establishes the initial UE context providing the UE identity (e.g., gNB-CU UE AP ID uniquely identifies the UE association over the F1 interface within the gNB-CU) and other context information e.g. UE radio capability (FFS) to gNB-DU via F1-AP UE CONTEXT SETUP REQUEST message. Furthermore, the gNB-CU shall also provide the SRB related configuration to gNB-DU, especially in the case of SRB1/2.
 



Step4: The gNB-DU sends F1-AP UE CONTEXT SETUP RESPONSE message to gNB-CU.
Step5: The gNB-CU sends F1-AP DL RRC TRANSFER message to gNB-CU which includes RRCConnectionSetup.
Step6: The gNB-DU sends RRC CONNECTION SETUP message to UE.

Step7: UE sends RRC CONNECTION SETUP COMPLETE message to the gNB-DU. 
Step8: The gNB-DU encapsulates the RRC message in F1-AP UL RRC TRANSFER message and sends to gNB-CU. 
Step9: The gNB-CU sends the INITIAL UE MESSAGE to the AMF.
Step10: The AMF sends INITIAL UE CONTEXT SETUP REQUEST message to the gNB-CU.
Step11~14: The gNB-CU sends DL RRC TRANSFER message to the gNB-DU in order to perform AS security exchange over air interface. And after gNB-DU receives the RRCSecurityModeComplete message, it shall sends UL RRC TRANSFER message to the gNB-CU.
Step15:The gNB-CU sends UE CONTEXT MODIFY REQUEST message to perform the DRB(s) establishment in the gNB-DU. 



Step16: The gNB-DU sends UE CONTEXT MODIFY RESPONSE message to gNB-CU.

Step17: The gNB-CU generates RRCConnectionReconfiguration message and encapsulates it in F1-AP DL RRC MESSAGE TRANSFER message. 
Step 18: The gNB-DU sends RRCConnectionReconfiguration message to UE.

Step 19: UE sends RRCConnectionReconfigurationComplete message to the gNB-DU. 
Step 20: The gNB-DU encapsulates the RRC message in F1-AP UL RRC MESSAGE TRANSFER message and sends to gNB-CU.
Step21: The gNB-CU sends Initial UE Context Setup Response message to the AMF.
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