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[16]
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[20]
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[23]
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[24]
3GPP TS 22.153: "Multimedia priority service".
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3GPP TS 22.011: "Service Accessibility".

[26]
3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".

[27]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description".

[28]
3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol Specification".

[29]
3GPP TS 33.501: "Security architecture and procedures for 5G system".

[30]
3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".

[31]
3GPP TS 37.340: "Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity; Stage 2".

[32]
3GPP TS 23.214: "Architecture enhancements for control and user plane separation of EPC nodes; Stage 2".

[33]
3GPP TS 22.101: "3rd Generation Partnership Project; Technical Specification Group Services and Systems Aspects; Service aspects; Service principles".

[34]
3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".

[35]
3GPP TS 33.126: "Lawful Interception Requirements".

[36]
3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".

[37]
3GPP TS 22.280: "Mission Critical Services Common Requirements (MCCoRe); Stage 1".

[38]
3GPP TS 23.379: "Functional architecture and information flows to support Mission Critical Push To Talk (MCPTT); Stage 2".

[39]
3GPP TS 23.281: "Functional architecture and information flows to support Mission Critical Video (MCVideo); Stage 2".

[40]
3GPP TS 23.282: "Functional architecture and information flows to support Mission Critical Data (MCData); Stage 2".

[41]
3GPP TS 32.240: "Charging management; Charging architecture and principles".

[42]
3GPP TS 38.401: "NG-RAN Architecture description".

[43]
3GPP TS 23.402: "Architecture enhancements for non-3GPP accesses".

[44]
IETF RFC 4960: "Stream Control Transmission Protocol".

[45]
3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".

[46]
3GPP TS 23.041: "Public Warning System".

[47]
3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3".

[48]
3GPP TS 24.502: "Access to the 5G System (5GS) via non-3GPP access networks; Stage 3".

[49]
3GPP TS 29.500: "5G System; Technical Realization of Service Based Architecture; Stage 3".

[50]
3GPP TS 38.304: "NR; User Equipment (UE) procedures in idle mode".

[51]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".

[52]
3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode".

[53]
Void.

[54]
IETF RFC 4861: "Neighbor Discovery for IP version 6 (IPv6)".

[55]
3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".

[56]
3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

[57]
IETF RFC 4555: "IKEv2 Mobility and Multihoming Protocol (MOBIKE)".

[58]
3GPP TS 29.510: "5G System: Network function repository services; Stage 3".

[59]
3GPP TS 29.502: "5G System: Session Management Services: Stage 3".

[60]
IETF RFC 7296: "Internet Key Exchange Protocol Version 2 (IKEv2) ".

[61]
3GPP TS 23.380: "IMS Restoration Procedures".

[62]
3GPP TS 24.229: "IP multimedia call control protocol based on Session Initiation Protocol (SIP) and Session Description Protocol (SDP); Stage 3".

[63]
3GPP TS 23.292: "IP Multimedia Subsystem (IMS) centralized services; Stage 2".

[64]
3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs".

[65]
3GPP TS 29.244: "Interface between the Control Plane and the User Plane Nodes; Stage 3".

[66]
3GPP TS 32.421: "Telecommunication management; Subscriber and equipment trace; Trace concepts and requirements".

[67]
3GPP TS 32.290: "5G system; Services, operations and procedures of charging using Service Based Interface (SBI)".

[68]
3GPP TS 32.255: "5G Data connectivity domain charging; Stage 2".

[69]
3GPP TS 38.306: "NR; User Equipment -UE) radio access capabilities".

[70]
3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access -E-UTRA); User Equipment -UE) radio access capabilities".

[71]
3GPP TS 29.518: "5G System; Access and Mobility Management Services; Stage 3".

[72]
3GPP TS 23.285: "Architecture enhancements for V2X services".

[73]
IETF RFC 2865: "Remote Authentication Dial In User Service (RADIUS)".

[74]
IETF RFC 3162: "RADIUS and IPv6".

[75]
3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane (GTPv1-U)".

[76]
3GPP TS 36.413: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP)".

[77]
3GPP TS 29.274: "Evolved General Packet Radio Service (GPRS) Tunnelling Protocol for Control plane (GTPv2-C); Stage 3".

 [YY]
IETF RFC 3168: "The Addition of Explicit Congestion Notification (ECN) to IP".
[ZZ]
3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and interaction".
2nd CHANGE
5.7.2.4
Notification control

The QoS Parameter Notification control indicates whether notifications are requested from the NG-RAN when the GFBR can no longer (or can again) be guaranteed for a QoS Flow during the lifetime of the QoS Flow. Notification control or Explicit Congestion Notification (ECN) (as described 5.8.2.x) may be used for a GBR QoS Flow if the application traffic is able to adapt to the change in the QoS (e.g. if the AF is capable to trigger rate adaptation) as described in clause 5.7.x.

The SMF shall only enable Notification control when the QoS Notification Control parameter is set in the PCC rule (received from the PCF) that is bound to the QoS Flow. The Notification control parameter is signalled to the NG-RAN as part of the QoS profile.
If, for a given GBR QoS Flow, Notification control is enabled and the NG-RAN determines that the GFBR can no longer be guaranteed, NG-RAN shall send a notification towards SMF and keep the QoS Flow (i.e. while the NG-RAN is not delivering the requested GFBR for this QoS Flow), unless specific conditions at the NG-RAN require the release of the NG-RAN resources for this GBR QoS Flow, e.g. due to Radio link failure or RAN internal congestion. The NG-RAN should try to guarantee the GFBR again.

NOTE 1:
NG-RAN can decide that the GFBR can no longer be guaranteed based on, e.g. measurements like queuing delay or system load.

Upon receiving a notification from the NG-RAN that the GFBR can no longer be guaranteed, the SMF may forward the notification to the PCF, see TS 23.503 [45]. 5GC may initiate N2 signalling to modify or remove the QoS Flow.

When the NG-RAN determines that the GFBR can be guaranteed again for a QoS Flow (for which a notification that the GFBR can no longer be guaranteed has been sent), the NG-RAN shall send a notification, informing the SMF that the GFBR can be guaranteed again and the SMF may forward the notification to the PCF, see TS 23.503 [45]. The NG-RAN shall send a subsequent notification that the GFBR can no longer be guaranteed whenever necessary.

NOTE 2:
It is assumed that NG-RAN implementation will apply some hysteresis before determining that the GFBR can be guaranteed again and therefore a frequent signalling of GFBR can be guaranteed again followed by GFBR can no longer be guaranteed is not expected.

NOTE 3:
If the QoS Flow is modified, the NG-RAN restarts the check whether the GFBR can no longer be guaranteed according to the updated QoS profile. If the Notification control parameter is not included in the updated QoS profile, the Notification control is disabled.

During a handover, the Source NG-RAN does not inform the Target NG-RAN about whether the Source NG-RAN has sent a notification that the GFBR for a QoS Flow can no longer be guaranteed. The Target NG-RAN performs admission control rejecting any QoS Flows for which resources cannot be permanently allocated. The accepted QoS Flows are included in the N2 Path Switch Request or N2 Handover Request Acknowledge message from the NG-RAN to the AMF. The SMF shall interpret the fact that a QoS Flow is listed as transferred QoS Flow in the Nsmf_PDUSession_UpdateSMContext Request received from the AMF as a notification that GFBR can be guaranteed again for this QoS Flow. After the handover is successfully completed, the Target NG-RAN shall send a subsequent notification that the GFBR can no longer be guaranteed for such a QoS Flow whenever necessary. If the SMF has previously notified the PCF that the GFBR can no longer be guaranteed and the SMF does not receive an explicit notification that the GFBR can no longer be guaranteed for that QoS Flow from the Target NG-RAN within a configured time, the SMF shall notify the PCF that the GFBR can be guaranteed again.
3rd CHANGE
5.7.X
Support for Application / Service Layer Rate Adaptation

Either QoS Notification or Explicit Congestion Notification (ECN) can be used by the NG-RAN to trigger a rate adaptation scheme at the application / service / transport layer. If the Notification control parameter is signalled to the NG-RAN as part of the QoS profile, the NG-RAN shall use only QoS Notification as described in 5.7.2.4, otherwise the NG-RAN uses ECN.

The NG-RAN and the UE support the RFC 3168 [YY] Explicit Congestion Notification (ECN), as described in clause 5.8.2.x. The IP level ECN scheme enables the NG-RAN to trigger a rate adaptation scheme at the application / service / transport layer. To make sufficient time available for end-to-end codec rate adaptation, the NG-RAN should attempt to not drop any packets on a GBR QoS Flow for a default grace period of at least 500 ms after it has indicated congestion with ECN on the QoS Flow for packets within the packet delay budget. During this ECN grace period the NG-RAN should also attempt to meet the 5QI characteristics associated with the QoS Flow.

NOTE 1:
Note that the receiving end-point should interpret all ECN-CE signals received within one end-to-end round-trip time as one "congestion event" (see IETF RFC 3168 [YY] and TS 26.114 [ZZ]).

The MFBR of a particular GBR QoS Flow may be set larger than the GFBR.

NOTE 2:
Enforcement of Session-AMBR / UE-AMBR is independent of whether the MFBR of a particular GBR QoS Flow has been set larger than the GFBR (see clause 5.7.2.5).
The 5GC does not support NG-RAN initiated "QoS re-negotiation". That is, the 5GC does not support a NG-RAN initiated QoS Flow modification procedure. If a NG-RAN can no longer sustain the GFBR of an active GBR QoS Flow, the NG-RAN shall trigger a QoS Notification to the SMF if the QoS Notificaiton control is activated for that QoS Flow, otherwise the NG-RAN C should simply trigger a deactivation of that QoS Flow.
4th CHANGE
5.8.2.x
Explicit Congestion Notification

The NG-RAN and the UE support the RFC 3168 [YY] Explicit Congestion Notification (ECN), as described in TS 38.300[27], TS 36.300 [30] and TS 26.114 [ZZ].

NOTE 1:
NG-RAN shall not enable ECN for the QoS Flow if the Notification control parameter for the QoS Flow is received as part of the QoS profile from the SMF.

End of CHANGE
