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1. Introduction

According to the discussion in RAN3#97bis meeting, the WF on initial access flow was noted in R3-174123. In this paper, we will give further analysis on the solution for UE Initial Access over F1 interface.
2. Discussion
2.1 Comparison of solutions for UE Initial access
As shown in R3-174123, the following three solutions and corresponding pros were discussed in last meeting:

1) “Alternative 3”(4 steps solution)

This is the approach which separates RRC message transfer over F1 and DU resource allocation indication (at least for SRB1) over F1. DU resource allocation is performed when the DU receives from CU, the UE Context Setup Request message, it takes 2 roundtrips over F1 for RRC Conn. Request ~ RRC Conn. Setup. 

The benefits of “Alternative 3”:

- RRC Connection Request decoding at gNB-DU not needed. 

- Admission Control failure at gNB-DU can be relayed to gNB-CU 

- Clear function separation of RRC message transfer & DU resource allocation

Unified signalling flow for different case of initial access, i.e. Attach, Idle -> Connected, Inactive -> Connected                                     - Clean handling of failure possible 

2) “Alternative 1”(2 steps solution)

This is the approach which concatenates RRC message transfer over F1 and DU resource allocation indication (at least for SRB1) over F1. DU resource allocation is performed when the DU receives from UE the RRC Conn. Request message. It takes 1 roundtrip over F1 for RRC Conn. Request ~ RRC Conn. Setup.

The benefits of “Alternative 1”:

- Fast initial access 

- Possibility to extend Initial RRC Message with DU indication on admission/ rejection and trigger admission/rejection via first DL RRC Message Transfer 

- Alignment with NG Initial Context Setup procedure, i.e. create a full context and perform DRB admission control at the same time

- No concerns on not being able to send the RRC Connection Reject message, due to UE Context Setup Failure after SRB1 DU resource allocation failure

3) “Alternative 2”(3 steps solution)

This is similar to “Alternative 1”, only difference is that the UE Context Setup Request message is used instead of DL RRC Transfer message. UE Context Setup Request also contains RRC Conn. Setup message.

Here we focus on the comparison between “Alternative 1”(2 steps solution) and “Alternative 3”(4 steps solution). The main advantage of “Alternative 1” is reducing the time delay over F1 interface, 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. 

When we discuss the initial UE access in the case of CU-DU split, both DU and CU nodes can reject or fail to accept UE due to node status separately, e.g., load status of each node. For “Alternative3”, if CU fails to accept UE, then CU can send the DL RRC Transfer message with encoded directly without trigger F1 Initial UE Context Setup procedure. If CU can accept UE, while DU fails to allocate the resources for this UE, e.g., the allocation of SRB1 DU resource of this UE was failed in DU, then DU shall reply with Initial UE Context Setup Failure message to CU, then CU will send the DL RRC Transfer message included with encoded RRCConnectionReject with release flag, then DU will release the corresponding UE context in DU side.The last benefit of “Alternative 1” is also applies to “Alternative 3”. Based on the above analysis, “Alternative3” has the benefit of clean handling of failure possible on either side, CU or DU.

For “Alternative 1”, since the DU resource allocation is performed when the DU receives the RRC Conn. Request message from UE, one critical problem for Alternative1 is that, DU always has to allocate and transfer the SRB1 configuration for the current attempt accessing UE to CU when it receives the RRC request, even CU may reject this UE, then it will bring the unnecessary resource occupy in the DU side, considering the precious resource for large number of UEs to access to DU, the best way is DU only allocate the UE related SRB resource after CU has accept the admission control and trigger the Initial UE context setup request towards DU.

Another problem for “Alternative 1” is DU always has to provide the SRB1 MAC/PHY configuration with Initial UL RRC message, but it seems not necessary, 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. Another example is for failure case, the RRCConnectionReject will be sent via SRB0, the resource for SRB1 does not need to be allocated at all. The reason is that DU does not decode the RRC message, it can not know whether it shall provide the SRB1 MAC/PHY configuration to CU or not, furthermore, it will also bring problem on DU side to distinguish whether it is a legacy initial UE access or a resume request, the following signalling flow for legacy initial UE access(2 steps) and for resume request(4 steps) are different if “Alternative 1” is adopted. 

On the other hand, F1 Initial UE context setup procedure does not need to align with NG Initial Context Setup procedure, SRB related related resources also belong to UE context.

According to the above analysis, the comparison between “Alternative3” and “Alternative1” for UE Initial access can be seen as below:

	Comparison points
	Alternative3
	Alternative1

	RRC Connection Request decoding at gNB-DU not needed
	(
	(
The gNB-DU has to decode RRC Connection Request in order to decide whether SRB1 configuration needs to be included in the Initial UE RRC message or not, and DU has no way to differentiate the legacy initial access and resume cases. 

	Admission Control failure at gNB-DU can be relayed to gNB-CU and Clean handling of failure possible
	(
The gNB-DU relay the failure in the DU side via F1 Initial UE Context Setup failure procedure. 
	(
Need to extend Initial RRC Message with DU indication on admission/ rejection to relay failure in the DU side. 

DU always has to allocate and transfer the SRB1 configuration for the current attempt accessing UE to CU when it receives the RRC request, even CU may reject this UE, then it will bring the unnecessary resource occupy in the DU side.

	Clear function separation of RRC message transfer & DU resource allocation
	(

	(


	Fast initial access
	(
Two additional F1 AP signallings are introduced but it will not change the magnitude of time delay which is largely depends on the transport characteristic of the fronthaul
	(


	Unified signalling flow for different cases of initial access (Idle -> Connected, Inactive -> Connected)
	(

	(
For legacy initial UE access, 2 steps solution is used, while for Resume case, 4 steps solution is used.


Proposal1: It is proposed to adopt “Alternative 3” (4Steps solution) to support initial UE access over F1 interface.

2.2 The signalling flow of “Alternative 3”

The signaling flow of “Alternative 3” is provided as below, which includes: successful case, DU failure case, CU failure case.

1) Successful case

The signaling flow of successful case is shown as below:
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                        Figure1:”Alternative 3” solution, successful case

2) DU failure case
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                        Figure2:”Alternative 3” solution, DU failure case

3) CU failure case
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                       Figure3:”Alternative 3” solution, CU failure case

For case 2 and case 3, 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, DU UE F1 AP ID) or overall UE context, a UE context release flag over F1 AP messages from CU to DU seems helpful, because DU will not decode the RRC message included in F1 RRC Transfer message.

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 successful signaling flow for initial UE access in TS38.401 needs to be updated, and the details need to be reflected in stage3 TS.

Proposal2:To approve the corresponding stage2 TP update on Initial UE access for TS38.401 as below.

3. 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: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 


The signalling flow for UE Initial access is shown in Figure 8.1-1.
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1. 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, gNB-DU UE AP ID to gNB-DU via F1-AP UE CONTEXT SETUP REQUEST message. Furthermore, the gNB-CU shall also provide the SRB list to be established to gNB-DU.
 



Step4: The gNB-DU sends F1-AP UE CONTEXT SETUP RESPONSE message to gNB-CU. If failed, the gNB-DU sends F1-AP UE CONTEXT SETUP FAILURE message to gNB-CU.
Step5: The gNB-CU sends F1-AP DL RRC TRANSFER message to gNB-DU which includes RRCConnectionSetup.
For the failure case, the gNB-CU sends F1-AP DL RRC TRANSFER message to gNB-DU which includes RRCConnectionReject, and notify the gNB-DU to release the corresponding UE context.
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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