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1. Introduction
This paper discusses a potential issue on PDU Session ID mismatch between UE and AMF.

In 5GS a UE allocates a PDU Session ID. On the other hand, in EPS a MME allocates a Session ID known as EPS Bearer Identity. There are many reasons for this change from EPS to 5GS like, for example 1) MM/SM separation, 2) UE may engage with multiple SMFs.

2. Discussion

PDU session release procedure in 23.502
Figure 2-1 is the a copy from 3GPP TS 23.502 section 4.3.4.2,  UE or network requested PDU Session Release for Non-Roaming and Roaming with Local Breakout.
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Figure 2-1: UE or network requested PDU Session Release for non-roaming and roaming with local breakout

When the UE sends the PDU Session Release Ack message to the AMF, as shown in step 8 in the figure 2-1, the Session ID is considered as released by the UE at this point. In our understanding, it means that the UE can (re-)use the released Session ID right after the step 8 for totally different purpose.
Observation 1: The UE can allocate the Session ID for a new PDU Session right after such PDU Session ID has been released.
On the other hand, there are remaining steps needed to take place in the core network side for the PDU Session release procedure. It is shown in step 9 to step 12 in the figure 2-1.

From the AMF point of view the PDU session can be considered as released when the AMF receives the Nsmf_PDUSession_SMContextStatusNotify message from the SMF notifying that the SM context for that PDU Session was released in the SMF.

Observation 2: The AMF maintains the Session ID valid until the AMF recives Nsmf_PDUSession_SMContextStatusNotify message from the SMF.

3. Possible issue in PDU session release procedure
Figure 3-1 illustrates a possible issue in PDU Session release procedure. This is a scenario when the following conditions are met:

· The UE releases the PDU Session ID #1 with the PDU Session release procedure. (Shown with black colour in Figure 3-1)
· Right after the UE sends the PDU Session Release Ack message with the PDU session ID #1 to the AMF, the UE sends the PDU Session Establishment message to the AMF for creating a brand new PDU Session with PDU Session ID #1. (Shown with Cyan colour in Figure 3-1)
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Figure 3-1: Racing condition between PDU Session Release and PDU Session Establishement

The issue we see is that when the AMF receives the Nsmf_PDUSession_SMContextStatusNotify(Release PDU session ID#1) from the SMF1, the AMF may release the SM contexts that are being created for the new PDU Session as the PDU Session ID number is duplicated.

Observation 3: Wen the AMF receives the PDU Session Establishment Request(PDU Session ID#1, new DNN, Request Type="initial request"), the AMF can see something wrong becase, while the PDU Session Establishment Request message has the Request Type="initial request", the AMF already has an SM context for the PDU Session ID#1. I.e. From the AMF point of view, PDU Session ID#1 is not a new and therefore  the Request Type="initial request" in the PDU Session Establishment Request message seems not correct. However, currently there is no clear description in the 3GPP specifications on how the AMF shall behave. Shall the AMF reject the new PDU Session Establishment Request or shall the AMF override the existing SM context according to the new PDU Session Establishement Request message from the UE. 
Note that Figure 3-1 shows a situation where the AMF accepts the new PDU Session Establishment Request message.

We believe that this erroneous behaviour shall be fixed.
4. Solutions
4.1 Sending Notification to the UE (Alt.1)
This solution, shown in the Figure 4-1, modifies the existing Notification procedure by extending the notification up to the UE. This solution proposes the following updates :
· The UE does not release the PDU Session ID when the UE sends the PDU Session Release Ack message to the AMF.

· The AMF sends a new NAS Notification message to the UE when the AMF receives the Nsmf_PDUSession_SMContextStatusNotify message from the SMF.

· When the UE receives the new Notification message from the AMF, the UE releases the PDU Session ID.

· The UE indicates its capability to the AMF for handling of this procedure.
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Figure 4-1: Sending Notification to the UE (Alt.1)

4.2 Reject new PDU Session Establishment Request message by the AMF (Alt.2)
This solution, shown in the Figure 4-2, proposes to adopt the following updates.

· When the AMF receives the PDU Session Establishment Request message with Request Type="initial request" or "initial emergency request" and if the AMF holds a valid SM context for the PDU Session ID that is indicated in the PDU Session Establishment Request message and if the AMF has received the new UE capability during the registration procedure, the AMF rejects the PDU Session Establishment Request message with a new cause value.

· The UE indicates its capability to the AMF for handling of this procedure.
· Reuse T-3580 but apply short back off timer value.
With this treatment, the UE will resend the PDU Session Establishment Request message to the AMF when the back-off timer expires.
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Figure 4-2: Reject new PDU Session Establishment Request message by the AMF (Alt.2)
4.3 Reject new PDU Session Establishment Request message by the SMF (Alt.3)
This solution, shown in Figure 4-2, proposes to adopt the following updates.

· When the AMF receives the PDU Session Establishment Request message with Request Type="initial request" or "initial emergency request" and if the AMF holds a valid SM context for the PDU session ID that is indicated in the PDU Session Establishment Request message and if the AMF has received the new UE capability during the registration procedure, the AMF adds a new information element "Duplicated PDU session ID in AMF" into the Nsmf_PDUSession_CreateSMContext Request message.

· When the SMF receives the Nsmf_PDUSession_CreateSMContext Request message with information element "Duplicated PDU session ID in AMF", the SMF rejects the PDU Session Establishment Request message with a new cause value.

· The UE indicates its capability to the AMF for handling of this procedure.
· Reuse T-3580 but apply short back off timer value.
With these updates, the UE will resend the PDU Session Establishment Request message to the AMF when the back-off timer expires.
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Figure 4-3: Reject new PDU Session Establishment Request message by the SMF (Alt.3)
4.4 Relying on timer T3580 (Alt.4)
This solution, shown in the Figure 4-4, reuses existing protocol to this issue. This solution proposes to adopt the following updates.

· When the AMF receives the PDU Session Establishment Request message with Request Type="initial request" and the AMF holds a valid SM context for the PDU session ID that is indicated in the PDU Session Establishment Request message, the AMF discards the received message from the UE.

With these updates, the UE will resend the PDU Session Establishment Request message to the AMF when the T3580 timer expires.
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Figure 4-4: Relying on timer T3580 (Alt.4)
4.5 Defining new UE behaviour right after the PDU Session release (Alt.5)
This solution proposes the following updates.

· New UE behaviour will be added to the 24.501. For example.

· When the UE sends the PDU Session Establishment Request message to the AMF, the UE shall not allocate a PDU Session ID that are in use shortly before establishing a new PDU session.
5. Comparison
The table 5-1 shows a concise comparison between the 4 alternative solutions.
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Table 5-1: Compasion table

NEC view is that Alt.4 should be excluded as it has a bad user experience. User has to unnecessary wait 16 seconds if the conditions are met.
The Alt. 2 has a problem since the AMF generates the SM message instead of the SMF.
It is NEC’s view that:

· For release 15, the Alt. 5 is to be agreed as it is simple and it has backward compatibility. But this solution should not be a permanent solution as it is a sort of work around solution.

· For release 16, In addition to the Alt. 5, either Alt.1 or Alt.3 is to be adopted.

6. Conclusion
This paper discussed a potential issue on PDU Session ID mismatch between UE and AMF.
As indicated in section 5, NEC would like to adopt Alt.5 for release 15 and adopt Alt. 5 with either Alt.1 or Alt.3 for release 16.
NEC also provides companion CRs, one for Release 15 based on Alt.5 (C1-198195 CR#1695) and the other one for Release 16 based on Alt. 5 and Alt.3 (C1-198196 CR#1696). 
In case, CT1 is in favour to adopt Alt.1 for release 16, NEC is happy to draft a LS to SA2 as the Alt.1 has an impact to the PDU Session Release procedure.
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