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Abstract of the contribution: This contribution proposes the treatment of GBR QoS Flows in N2 Release procedure in 5GC.
Discussion
The following proposal was agreed on S2-176581 in the last SA2 meeting (on the agenda 6.5.8.2).

However, clause 5.7 of the latest TS 23.501 (i.e. v 1.4.0) has no description related to the release of GBR QoS Flows. We understand SA2 needs to discuss this topic and propose this contribution in order to clarify the treatment of GBR QoS Flows after they are requested to be deactivated by (R)AN.
Discussion 1: How does the SMF treat GBR QoS Flows in N2 Release procedures?
We propose that the SMF supports “release” or “preserve” of GBR QoS Flows by the N2 release trigger, especially for 3GPP RAN, because of the following use cases.
GBR QoS Flows need to be released when they are not used, from charging aspect. Time based charging is also considered in 5G (see TS 22.115 and TR 32.899). According to them, regarding the time based charging on GBR QoS Flows, the SMF/UPF needs to release GBR QoS Flows in the inactive case, in order to count the accurate active duration of GBR QoS Flows.
GBR QoS Flows need to be preserved with the specific use cases. The following reasons and use cases need, in 5GC, GBR QoS Flows preservation: 
· User Inactivity: Probably, there are many cases when the UE doesn’t temporarily use GBR QoS Flows. For example, there is long duration situation on the alerting phase in voice call while waiting for being answered by the terminating user. If there is no other active QoS Flows in the situation, then gNB will request N2 Release. After the terminating user answers the call, the preserved GBR QoS Flow for voice is needed to be active.
· Inter-RAT Redirection: This is needed as one of EPS Fallback patterns. The handover based EPS Fallback was approved in last meeting (S2-176058). We think handover cannot always be used, e.g. when source gNB cannot prepare target eNB information. In the case, gNB should request N2 Release with GBR QoS Flows preservation and then the MME obtains the preserved GBR context from 5GC when the UE accesses via eNB and establishes GBR bearers in order to continue voice call on 4G.
For these use cases, the SMF needs to preserve GBR QoS Flows by the N2 release trigger with the specific reasons.

To realize these SMF features, we can refer the following description in the clause 5.3.5 (S1 release procedure) of TS 23.401:

If the cause of S1 release is because of User I inactivity, Inter-RAT Redirection, the MME shall preserve the GBR bearers. If the cause of S1 release is because of CS Fallback triggered, further details about bearer handling are described in TS 23.272 [58]. Otherwise, e.g. Radio Connection With UE Lost, S1 signalling connection lost, eNodeB failure the MME shall trigger the MME Initiated Dedicated Bearer Deactivation procedure (clause 5.4.4.2) for the GBR bearer(s) of the UE after the S1 Release procedure is completed.

That is, in 5GC case, 1) basically the SMF releases QoS profiles of GBR QoS Flows by N2 Release procedure, and 2) the SMF preserves the QoS profiles only by (R)AN-initiated N2 release with the specific cause.
Therefore, we propose the following.
Proposal 1: The SMF supports “release” or “preserve” of GBR QoS Flows by the Cause during N2 Release procedure, like EPC.
If SA2 agrees with Proposal 1, then we would like to clarify how to implement the related description on TS 23.501 and 23.502.

In our understanding, the clause 5.7.1.1 and 5.7.1.3 in TS 23.501 has the description for the treatment of GBR QoS Flows. These descriptions just refer to the clause 4.3.2 (PDU Session establishment) and 4.3.3 (PDU Session modification) of TS 23.502, like “at PDU session establishment” or “at QoS flow establishment/modification”.

The clause 4.3.3 of TS 23.502 has the following triggers of QoS update:

· UE initiated,

· PCF triggered,

· UDM triggered,
· SMF triggered,

· AN initiated.

There are no description for any detailed triggers of QoS update in TS 23.501 at all. Therefore, the description based on Proposal 1 should be only in TS 23.502

Proposal 2: The treatment of GBR QoS Flows during N2 Release procedure should be described in TS 23.502.
**** 1st Change ****

4.2.6
NAS signalling connection release
This procedure is used to release the logical NG-AP signalling connection and the associated N3 User Plane connections, and (R)AN RRC signalling and resources.

When the NG-AP signalling connection is lost due to (R)AN or AMF failure, the NAS signalling connection release is performed locally by the AMF or the (R)AN as described in the procedure flow below without using or relying on any of the signalling shown between (R)AN and AMF. The NAS signalling connection release causes all UP connections of the UE to be deactivated.

The initiation of NAS signalling connection release may be due to:

-
(R)AN-initiated with cause e.g. O&M Intervention, Unspecified Failure, (R)AN (e.g. Radio) Link Failure, User Inactivity, Inter-RAT Redirection, Release due to UE generated signalling connection release, mobility restriction etc.; or

-
AMF-initiated with cause e.g. Unspecified Failure, etc.

Both (R)AN-initiated and AMF-initiated NAS signalling connection release procedures are shown in Figure 4.2.6-1.
For this procedure, the impacted SMF and UPF are all under control of the PLMN serving the UE, e.g. in Home Routed roaming case the SMF and UPF in HPLMN are not involved.
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Figure 4.2.6-1: NAS signalling connection release procedure

1.
If there is some confirmed (R)AN conditions (e.g. Radio Link Failure) or for other (R)AN internal reason, the (R)AN may decide to initiate the UE context release in the (R)AN. In this case, the (R)AN sends an N2 UE Context Release Request (Cause, List of PDU Session ID(s) with active N3 user plane) message to the AMF. Cause indicates the reason for the release (e.g. AN Link Failure, O&M intervention, unspecified failure, etc.). The List of PDU Session ID(s) indicates the PDU Sessions served by (R)AN of the UE. This step is described in TS 38.413 [10], clause 8.3.2 "UE Context Release Request (gNB initiated)".
2.
AMF to (R)AN: If the AMF receives the N2 UE Context Release Request message or due to an internal AMF event, the AMF sends an N2 UE Context Release Command (Cause) to the (R)AN. The Cause indicates either the Cause from (R)AN in step 1 or the Cause due to an AMF internal event. In case the (R)AN is a 3GPP RAN this step is described in detail in TS 38.413 [10], clause 8.3.3 "UE Context Release (AMF initiated)". In case the (R)AN is an N3IWF this step is described in clause 4.12.

3.
[Conditional] If the (R)AN connection (e.g. RRC connection or NWu connection) with the UE is not already released (step 1), the (R)AN requests the UE to release the (R)AN connection. Upon receiving (R)AN connection release confirmation from the UE, the (R)AN deletes the UE's context. 

4.
The (R)AN confirms the N2 Release by returning an N2 UE Context Release Complete (List of PDU Session ID(s) with active N3 user plane) message to the AMF. The List of PDU Session ID(s) indicates the PDU Sessions served by (R)AN of the UE. The N2 signalling connection between the AMF and the (R)AN for that UE is released. The (R)AN provides the list of recommended cells / TAs / NG-RAN node identifiers for paging to the AMF.
This step shall be performed promptly after step 2, i.e. it shall not be delayed, for example, in situations where the UE does not acknowledge the RRC Connection Release.

5.
[Conditional] AMF to SMF: For each of the PDU Sessions in the N2 UE Context Release Complete, the AMF invokes Nsmf_PDUSession_UpdateSMContext(PDU Session ID, PDU Session Deactivation, Cause). The Cause in step 5 is the same Cause in step 2. If List of PDU Session ID(s) with active N3 user plane is included in step 1b, the step 5 to 7 are performed before step 2.

For each of the PDU Sessions whose UP connection have been deactivated because the UE is outside of the availability of the LADN, the AMF reports the UE location information to the SMFs that have subscribed for the UE location reporting. 
6a
[Conditional] SMF to UPF: N4 Session Modification Request (AN tunnel info to be removed, Buffering on/off).


The SMF initiates an N4 Session Modification procedure indicating the need to remove AN Tunnel Info.  Buffering on/off indicates whether the UPF shall buffer incoming DL PDU or not. For the PDU Sessions corresponding to the LADN, the SMF may enable the Downlink Data Notification in case that previously the SMF notified the UPF to discard downlink data for the PDU Sessions and/or to not provide further Data Notification message.

See clause 4.4 for more details.

 If the cause of N2 release is because of User Inactivity, and Inter-RAT Redirection, the SMF shall preserve the GBR QoS Flows. Otherwise, the SMF shall trigger the PDU Session modification procedure (see clause 4.3.3) for the GBR QoS Flows of the UE after the N2 Release procedure is completed.
6b.
[Conditional] UPF to SMF: N4 Session Modification Response acknowledging the SMF request.

See clause 4.4 for more details.
7.
[Conditional] SMF to AMF: Nsmf_PDUSession_UpdateSMContext Ack for step 5. AMF considers the N2 and N3 as released. When the AMF receives all acknowledgments from the SMF(s), the AMF enters CM-IDLE state.
**** 2nd Change ****

4.3.3
PDU Session modification

Editor's note:
Procedure includes aspects required to support network slicing and QoS. TBD if policy interactions equivalent to Gx is to be included or references to TS 23.203 is used (i.e. similar as done in TS 23.401 [13]). Procedure should include support for multi-homing PDU Session, UL CL PDU Session and support for multiple PDU Sessions per UE.
4.3.3.1
General

The procedure is used when one or several of the QoS parameters exchanged between the UE and the network are modified.

NOTE:
The conditions when to use this procedure for QoS change as well as the QoS parameters exchanged between the UE and the network are defined in TS 23.501 [2] clause 5.7.
4.3.3.2
UE or network requested PDU Session modification (non-roaming and roaming with local breakout)

The UE or network requested PDU Session modification procedure (non-roaming and roaming with local breakout scenario) is depicted in figure 4.3.3.2-1.
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Figure 4.3.3.2-1: UE or network requested PDU Session modification (for non-roaming and roaming with local breakout)
1.
The procedure may be triggered by following events:
1a.
(UE initiated modification) The UE initiates the PDU Session modification procedure by the transmission of an NAS message (N1 SM container (PDU Session Modification Request), PDU Session ID) message. Depending on the access type, if the UE was in CM-IDLE state, this SM-NAS message is preceded by the Service Request procedure. The NAS message is forwarded by the (R)AN to the AMF with an indication of User location Information. The AMF invokes Nsmf_PDUSession_UpdateSMContex (PDU Session ID, N1 SM container (PDU Session Modification Request)).
Editor's note:
What QoS parameters the UE provides for QoS session modification is FFS.
1b.
(SMF requested modification) The PCF invokes the Npcf_SMPolicyControl_UpdateNotify service operation (see clause 5.2.5.5.3) to notify SMF about the modification of policies. This may e.g.; have been triggered by a policy decision or upon AF requests.

1c.
(SMF requested modification) The UDM updates the subscription data of SMF by Nudm_SubscriberData_UpdateNotification (SUPI, Subscription Data). The SMF updates the Subscription Data and acknowledges the UDM by returning an Ack with (SUPI).

1d.
(SMF requested modification) The SMF may decide to modify PDU Session. This procedure also may be triggered based on locally configured policy or after N2 Release (see clause 4.2.6).


If the SMF receives one of the triggers in step 1b ~ 1d, the SMF starts SMF requested PDU Session modification procedure.
1e.
(AN initiated modification) If notification control is configured for a GBR Flow, when the (R)AN decides the QoS targets of the flow cannot be fulfilled. (R)AN sends the N2 message (PDU Session ID, N2 SM information) to the AMF. The N2 SM information includes the QFI, User location Information and a notification indicating that the QoS targets cannot be fulfilled. The AMF invokes Nsmf_PDUSession_UpdateSMContext (N2 SM information).

2.
The SMF may need to report some subscribed event to the PCF by invoking Nsmf_EventExposure_Notify service operation. The PCF may provide new policy information to the SMF by invoking Npcf_SMPolicyControl_UpdateNotify service operation (see clause 5.2.5.4.3). This step may be skipped if PDU Session modification procedure is triggered by step 1b or 1d. If dynamic PCC is not deployed, the SMF may apply local policy to decide whether to change the QoS profile.

Steps 3 to 7 are not invoked when the PDU Session modification requires only action at an UPF (e.g. gating).

3a.
For UE or AN initiated modification, the SMF responds to the AMF through Nsmf_PDUSession_UpdateSMContext (N2 SM information (PDU Session ID, QoS Profile, Session-AMBR), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule, Session-AMBR))). See TS 23.501 [2] clause 5.7 for the QoS Profile and QoS rule.

The N2 SM information carries information that the AMF shall provide to the (R)AN. It includes the QoS profiles that were added, removed or modified. 

The N1 SM container carries the PDU Session Modification Command that the AMF shall provide to the UE.
3b. For SMF requested modification, the SMF invokes Namf_Communication_N1N2MessageTransfer (N2 SM information (PDU Session ID, QoS Profile, Session-AMBR), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule, Session-AMBR))). 

If the UE is in CM-IDLE state and an ATC is activated, the AMF updates and stores the UE context based on the Namf_Communication_N1N2MessageTransfer and steps 4, 5, 6 and 7 are skipped. When the UE is reachable e.g. when the UE enters CM-CONNECTED state, the AMF forwards the N1 message to synchronize the UE context with the UE.
4.
The AMF may send N2 PDU Session Request (N2 SM information received from SMF, NAS message (PDU Session ID, N1 SM container (PDU Session Modification Command))) Message to the (R)AN.

5.
The (R)AN may issue AN specific signalling exchange with the UE that is related with the information received from SMF. For example, in case of a 3GPP RAN, an RRC Connection Reconfiguration may take place with the UE modifying the necessary RAN resources related to the PDU Session.


The UE acknowledges the PDU Session Modification Command by sending a NAS message (PDU Session ID, N1 SM container (PDU Session Modification Command Ack)) message .

6.
The (R)AN may acknowledge N2 PDU Session Request by sending a N2 PDU Session Ack (N2 SM information (QFI(s), RAN tunnel information, PDU Session ID), NAS message, User location Information) Message to the AMF. In case of Dual Connectivity, if one or more QFIs were added to the PDU Session, the Master RAN node may assign one of these QFIs to a RAN node which was not involved in the PDU Session earlier; In this case the RAN tunnel information includes a new N3 tunnel endpoint for QFIs assigned to the new RAN node. Correspondingly, if one or more QFIs were removed from the PDU Session, a RAN node may not be involved in the PDU Session anymore, and the corresponding tunnel endpoint is removed from the RAN tunnel information.
7.
The AMF forwards the N2 SM information, the User location Information and the N1 SM container (PDU Session Modification Command Ack) received from the AN to the SMF via Nsmf_PDUSession_UpdateSMContext service operation.

8.
The SMF may update N4 session of the UPF(s) that are involved by the PDU Session modification by sending N4 Session Modification Request (N4 Session ID) message to the UPF.
NOTE:
The UPF that are impacted in the PDU Session modification procedure depends on the modified QoS parameters and on the deployment. For example in case of the session AMBR of a PDU Session with an UL CL changes, only the UL CL is involved.
9.
If the SMF interacted with the PCF in step 1b or 2, the SMF notifies the PCF whether the PCC decision could be enforced or not by invoking Nsmf_EventExposure_Notify service operation.

SMF notifies any entity that has subscribed to User Location Information related with PDU Session change.
**** End of Change ****
Proposal 5: The treatment of GBR QoS Flows during N2 Release procedure follows the QoS discussion in TS 23.501, clause 5.7 “QoS model”.
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