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1. Introduction

This document discusses the issue raised in RAN3#107-e on release of the last PDU session.

2. Discussion 
2.1 Problem statement (rel-15)
It seems useful to restate the problem raised in [1].

The starting point is that it is possible for the SMF to request release of a PDU Session, which happens to be the only PDU with active user plane. This involves a NAS exchange with the UE, which should be completed before the UE is released.

When this happens, it seems possible for at least two types of flows today (and in fact they may co-exist):
· AMF recognizes this is the last PDU session, proceeds with NAS exchange if applicable, and then releases the RAN context (described as option 1 in [1]).

· gNB recognizes this is the last PDU session, proceeds with NAS delivery and waits for uplink NAS, also completes the procedure in NGAP, before subsequently triggering context release request (described as option 2 in [1])
Today the only obvious problem is that, if neither of the nodes takes special action (i.e. just treat as a normal PDU Session Release), then the likely consequence is that the gNB would need to release the UE and potentially the NAS PDU is not delivered.

Observation 1: Both options 1 and 2 are valid today and may already be implemented.

Note that option 2 could be seen as a fallback in the gNB, in the sense that it is only necessary if the AMF does not deploy option 1 (since in option 1 the gNB does not receive a PDU SESSION RELEASE COMMAND).

Observation 2: Option 2 could be seen as a fallback in the gNB in case option 1 is not implemented by the AMF.

2.2 Additional forward-looking issue
Then in addition to above, it was assumed in [1] that UEs in a future release (possibly rel-16, possibly later) may be able to support reconfiguration back to SRB-only operation. 

This is then stated to change the problem because only the gNB would have visibility of the UE’s capability (and also only the gNB could have a requirement to maintain the UE in SRB-only operation).

3. Discussion 
From above, it seems that the basic problem is not new, and in any case, there are probably already implementations that take account of it in the gNB or AMF, as observed already (per options 1 and 2). It seems that neither of these options is captured in any specifications, and it might be useful to do so – but this seems to reside in SA2’s domain.

Observation 3: It may be useful for 3GPP to provide some guidance on handling the “last PDU Session” from rel-15, but this is probably in SA2’s domain.

With that, the question for RAN3 is to consider how procedures need to change if RAN2 does eventually allow reconfiguration back to SRB-only operation. In fact one could also ask why this is needed, and perhaps this should be discussed first.
Observation 4: It is not clear that RAN2 will enable in future reconfiguration to SRB-only operation; it is also not clear that this change is needed.

In any case, and assuming that this scenario does happen in future, it seems wrong to force changes in specification that may render some existing implementations non-compliant, without a very clear requirement. For example, it is perfectly reasonable for an AMF today to act as in option 1. If the specification went in the direction of option 2, then RAN3 should at least ask if a non-backward compatible change is required – and probably involve groups such as SA2 and RAN2 in the discussion.
Observation 5: A change in the direction of option 2 (or 3 in [1]) could make AMF implementations based on option 1 non-compliant.

Based on the above, it may be sensible to consider options that require behaviour or signalling changes in BOTH nodes. If the changes are explicit in both AMF and gNB in e.g. rel-16 or 17, then this can be designed to inter-work with previous behaviour, and the two nodes should inter-operate irrespective of which release they are compliant to.
To do this, a new AMF should not just act differently (i.e. not as option 1), but also be observed to act differently by the gNB.

Observation 6: To preserve inter-operability and backward compatibility, the behaviour change in the AMF should be made visible to the gNB e.g. via explicit signalling.

A possible way to achieve this is described below:
Brief summary of a possible flow:

1. The AMF recognizes that this is the last PDU Session and requires special handling

2. AMF implements the N1 exchange with UE (NAS Release, transparent to RAN)

3. Once UE responds, AMF either
a. initiates legacy context release to clear N2 resources, or
b. initiates conditional release to provide control to the gNB; for example by context release with new IE providing final release control to gNB, in this case gNB can optionally reconfigure to “no DRB” if supported and continue interactions, and later release UE and ack release; or a new procedure is used (e.g. User Plane Release) to inform gNB that all N3 instances are dormant, and it should release all user plane resources, and then indicate to AMF when the UE has been released to idle for final clean-up (via release request).
The key of the described flow is that it is consistent with AMF legacy behaviour (3a), but if the AMF enables gNB control via explicit signalling, then it is possible for a gNB to simply release (again legacy behaviour), or alternatively maintain the RAN context for some time.
Note also that this is not a unique design, i.e. it may be possible to do something similar using a new IE in PDU Session Release from the AMF.

Observation 7: It is possible to design a flow that enables full backward compatibility with possible existing implementations.
A consequence of the above is that there seems to be no need to make changes in release 15, provided that RAN3 is open to considering signalling changes in later releases. Alternatively it would be possible to introduce such changes already in rel-15, if it was assumed that the gNB could keep the UE in connected mode for a short period even after NAS level release (i.e. with dormant DRBs).
Observation 8: There seems to be no need to make signalling behaviour changes in release 15, provided that RAN3 is open to considering signalling changes in later releases. Alternatively signalling changes could be made if it is assumed that the gNB may keep the UE in connected mode for a short period even after NAS level release (i.e. with dormant DRBs).
Based on the above, the following is proposed:

Proposal: No change needs to be implemented in RAN3 specifications; changes can be made in a backward compatible way once RAN2 agrees new UE capability and/or if it is shown that it is possible/necessary to keep the UE in connected mode with dormant DRBs; RAN3 should in any case involve other groups. 
3. Summary and conclusions
From the discussion above, the following observations and proposals were made:
Observation 1: Both options 1 and 2 are valid today and may already be implemented.

Observation 2: Option 2 could be seen as a fallback in the gNB in case option 1 is not implemented by the AMF.

Observation 3: It may be useful for 3GPP to provide some guidance on handling the “last PDU Session” from rel-15, but this is probably in SA2’s domain.

Observation 4: It is not clear that RAN2 will enable in future reconfiguration to SRB-only operation; it is also not clear that this change is needed.
Observation 5: A change in the direction of option 2 (or 3 in [1]) could make AMF implementations based on option 1 non-compliant.
Observation 6: To preserve inter-operability and backward compatibility, the behaviour change in the AMF should be made visible to the gNB e.g. via explicit signalling.
Observation 7: It is possible to design a flow that enables full backward compatibility with possible legacy implementations.
Observation 8: There seems to be no need to make signalling behaviour changes in release 15, provided that RAN3 is open to considering signalling changes in later releases. Alternatively signalling changes could be made if it is assumed that the gNB may keep the UE in connected mode for a short period even after NAS level release (i.e. with dormant DRBs).
Proposal: No change needs to be implemented in RAN3 specifications; changes can be made in a backward compatible way once RAN2 agrees new UE capability and/or if it is shown that it is possible/necessary to keep the UE in connected mode with dormant DRBs; RAN3 should in any case involve other groups. 
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