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1
Introduction

In 3GPP TS 23.501, dual connectivity based on end to end redundant UP paths is described to enhance 5GS to support Ultra Reliable Low Latency Communication (URLLC).
It’s mentioned in 23.501 that:
-
NG RAN notifies CN about failure to establish dual connectivity and SMF based on local policy decides whether to continue with the PDU session or initiate release of the PDU session.
But it’s unclear how does NG RAN notify CN about the failure to establish dual connectivity.
This paper discusses the RAN3 impacts for the issue.    

2
Discussion

2.1

Open issue about how to inform SMF in case of DC establishment failure
According to 23.501, dual connectivity based on end to end redundant UP paths will enable a terminal device to set up two redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the two redundant PDU sessions independent whenever that is possible.
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Figure 2.1-1: Architecture for end to end redundant User Plane paths using Dual Connectivity
Two redundant PDU sessions are established in MN first. When the second PDU session is established, MN set up the dual connectivity with both MN and SgNB so that one of the redundant sessions will be configured in MN, and another one of the redundant PDU sessions will be configured in SgNB. It means 2 independent paths are used to transmit same data. So the high reliability of user data is ensured through redundant transmission.
NG RAN should inform SMF if the establishment of dual connectivity fails, because SMF needs to decide whether to continue with the PDU session or release it according to 23.501. But it’s not defined how NG RAN informs SMF if DC failure happens. SA2 didn't discuss the issue because it’s in the scope of RAN3. However there is not any discussion in RAN3 so far, which means it is an open issue for RAN3.

Observation 1: 
RAN3 needs to define how NG RAN informs SMF if DC failure happens.

2.2

The analysis for the issue

The issue depends on when MN will initiate dual connectivity establishment between MN and SgNB during secondary PDU session is set up. There are 2 options for this issue: 

· MN configures the PDU session to SgNB directly, dual connectivity establishment will be performed before MN sends PDU SESSION RESOURCE SETUP RESPONSE back to CN; 

· MN configures the PDU session to MN first, dual connectivity establishment will be performed after MN sends PDU SESSION RESOURCE SETUP RESPONSE back to CN.

We will discuss the 2 options separately.
Option 1: configure the redundant PDU session, e.g. PDU Session 2 in SgNB directly. Modify the message PDU SESSION RESOURCE SETUP RESPONSE to support the notification of DC establishment failure to SMF.
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Figure 2.2-2: Option 2

With this option, PDU Session 1 is established as usual. During PDU Session 2 establishment:

1. MN receives PDU SESSION RESOURCE SETUP REQUEST from CN. 
2. MN initiates S-NODE ADDITION REQUEST at Xn interface to establish the dual connectivity before sending the feedback of step 1 to CN. But the dual connectivity establishment fails. If no SgNB coverage, e.g. according to UE measurement reports, MN can skip step 2a and 2b.
3. PDU Session 2 is configured in MN if MN decides to accept it. MN shall inform SMF that PDU Session 2 cannot be established to SgNB but established in MN within the PDU SESSION RESOUCE SETUP RESPONSE message. In the message, the notification about DC failure should be added. SMF based on local policy decides whether to continue with the PDU session or initiate release of the PDU session.
Proposal 1: 
It is proposed to add the information of the notification about DC failure in NGAP message PDU SESSION RESOUCE SETUP RESPONSE in [4].
Option 2: MN configures the second PDU session to MN firstly, then switch it to SN.
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Figure 2.2-1: Option 1

1. Then MN initiates S-NODE ADDITION REQUEST at Xn interface to establish the dual connectivity. But the dual connectivity establishment fails.

2. MN shall inform SMF that PDU Session 2 cannot be established to SgNB but established in MN within a Ng procedure. In the Ng procedure, the notification about DC failure should be added. At that time both of 2 redundant sessions are handled in MN. SMF based on local policy decides whether to continue with the PDU session or initiate release of the PDU session.
The Ng procedure could be:
· PDU Session Resource Notify.

· PDU Session Resource Modify Indication.

· A new Ng procedure.
The analysis for these 3 procedures is listed as below:
	
	PDU Session Resource Notify
	PDU Session Resource Modify Indication
	New Ng procedure

	Pros
	Reuse the existing procedure by adding the information of the notification about DC failure in the PDU SESSION RESOURCE NOTIFY message
	Reuse the existing procedure by adding the information of the notification about DC failure in the PDU SESSION RESOURCE MODIFY INDICATION message.
	Clear purpose to transfer the information of the notification about DC failure

	Cons
	-
	The mandatary IE “DL QoS Flow per TNL Information” in the “PDU Session Resource Modify Indication Transfer” IE has to be ignored if new IE exists. 
	It needs to define a new procedure, which has more impact on NGAP


Table 2.2-1 Analysis of pros and cons
According to the table, we recommend to enhance PDU Session Resource Notify procedure to transfer the notification about DC failure.
Proposal 2: 
It is proposed to add the information of the notification about DC failure in NGAP PDU SESSION RESOURCE NOTIFY message in [4].
2.3 
The similar issue in handover

For the scenario of Master node to gNB change, an UE with dual connectivity will be handed over to a single target gNB, and dual connectivity could not be supported any more, e.g. due to no SN coverage. If the UE is configured with the redundant PDU sessions, the one of the redundant PDU session handled via SN can be configured in target gNB which depends on the gNB’s decision.
So if dual connectivity cannot be supported any more after handover, the target gNB should inform SMF it for the UE with redundant PDU sessions.
Similarly, the notification about DC failure should be added into handover related message at Ng interface for Ng based handover or Xn based handover.
Proposal 3: 
It is proposed to add the information of the notification about DC failure in NGAP message HANDOVER REQUEST ACKNOWLEDGE and PATH SWITCH REQUEST in [4].
3
Conclusion:
In this paper, we provided our analysis on how NG RAN notifies CN about the failure to establish dual connectivity, and have the following observations and proposals:
Observation 1: 
RAN3 needs to define how NG RAN informs SMF if DC failure happens.

Proposal 1: 
It is proposed to add the information of the notification about DC failure in NGAP message PDU SESSION RESOUCE SETUP RESPONSE in [4].
Proposal 2: 
It is proposed to add the information of the notification about DC failure in NGAP message PDU SESSION RESOURCE NOTIFY in [4].
Proposal 3: 
It is proposed to add the information of the notification about DC failure in NGAP messages HANDOVER REQUEST and PATH SWITCH REQUEST in [4].
4
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