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***** First change *****
5.X
Support for Cellular IoT
5.x.y
Support of rate control of user data
5.x.y.1
General

The rate of user data sent to and from a UE (e.g. a UE using CIoT Optimisations) can be controlled in two different ways:

-
Serving PLMN Rate Control

-
Small Data Rate Control

Serving PLMN Rate Control is intended to allow the Serving PLMN to protect its AMF and the Signalling Radio Bearers in the NG-RAN from the load generated by NAS Data PDUs.

Small Data Rate Control is intended to allow HPLMN operators to offer customer services such as "maximum of Y messages per day".

NOTE:
Existing Session-AMBR mechanisms are not suitable for such a service since, for radio efficiency and UE battery life reasons, an AMBR of e.g. > 100kbit/s is desirable and such an AMBR translates to a potentially large daily data volume.

The SMF in the visited PLMN may send the Small Data rate control parameter for an emergency PDU session.

5.x.y.2
Serving PLMN Rate Control
The Serving PLMN Rate Control value is configured in the (V-)SMF.

NOTE 1:
Homogeneous support of Serving PLMN Rate Control in a network is assumed.

At PDU Session establishment, the (V-)SMF may inform the UE and UPF/NEF of any per PDU Session local Serving PLMN Rate Control that the Serving PLMN intends to enforce for NAS Data PDUs. The (V-)SMF shall only indicate Serving PLMN Rate Control command to the UPF if the PDU Session is using N4 and set to Control Plane only. The (V-)SMF shall only indicate Serving PLMN Rate Control command to the NEF if that PDN connection is using NEF.

This rate control is operator configurable and expressed as "X NAS Data PDUs per deci hour" where X is an integer that shall not be less than 10. There are separate limits for uplink and downlink NAS Data PDUs:

-
The UE shall limit the rate at which it generates uplink NAS Data PDUs to comply with the Serving PLMN policy. In the UE the indicated rate control applies only on the PDU Session where it was received, and therefore the UE shall limit the rate of its uplink NAS Data PDUs to comply with the rate that is indicated for the PDU Session. The indicated rate is valid until the PDU Session is released.

-
The UPF/NEF shall limit the rate at which it generates downlink Data PDUs. In the UPF/NEF the indicated rate control applies only on the PDU Session where it was received, and therefore the UPF/NEF shall limit the rate of its downlink Data PDUs to comply with the rate that is indicated for the PDU Session.

-
The (V-)SMF may enforce these limits per PDU Session by discarding or delaying packets that exceed these limits. The Serving PLMN Rate does not include SMS using NAS Transport PDUs. The (V-)SMF starts the Serving PLMN Rate Control when the first NAS Data PDU is received.

NOTE 2:
In case the UE/UPF/NEF start the Serving PLMN rate control at a different time than the (V-)SMF, PDUs sent within the limit enforced at the UE/UPF/NEF can still exceed the limit enforced by the (V-)SMF.

NOTE 3
It is assumed that the Serving PLMN Rate is sufficiently high to not interfere with the Small Data Rate Control as the Small Data Rate Control, if used, is assumed to allow fewer messages. NAS PDUs related to exception reports are not subject to the Serving PLMN Rate Control.
5.x.y.3
Small Data Rate Control
The Small Data Rate Control is configured in the (H-)SMF. The (H-)SMF can send a Small Data Uplink Rate Control command to the UE using the PCO information element. The (H-)SMF informs the UPF or NEF of any Small Data Rate Control that shall be enforced.
The Small Data Uplink Rate Control applies to data PDUs sent on that PDU Session by either Data Radio Bearers or Signalling Radio Bearers (NAS Data PDUs).

The rate control information is separate for uplink and downlink and in the form of:

-
an integer 'number of packets per time unit', and

-
an integer 'number of additional allowed exception report packets per time unit' once the rate control limit has been reached.

The UE shall comply with this uplink rate control instruction. If the UE exceeds the uplink 'number of packets per time unit', the UE may still send uplink exception reports if allowed and the 'number of additional allowed exception reports per time unit' has not been exceeded. The UE shall consider this rate control instruction as valid until it receives a new one from (H-)SMF.

When the PDU Session is released, the Small Data Rate Control Status (including the number of packets still allowed in the given time unit, the number of additional exception reports still allowed in the given time unit and the termination time of the current Small Data Rate Control validity period) may be stored in the AMF so that it can be retrieved for a subsequent re-establishment of a new PDU Session.

At subsequent establishment of a new PDU Session, the (H-)SMF may receive the previously stored Small Data Rate Control Status and, if the validity period has not expired, it applies the received Small Data Rate Control Status and provides the related parameters to the UE in the PCO (instead of the configured Small Data Rate Control parameters) and to the UPF/NEF. If the initially applied parameters differ from the configured Small Data Rate Control parameters, the (H-)SMF uses the configured Small Data Rate Control parameters once the first Small Data Rate Control validity period expires, and sends an update to the UE and UPF/NEF with the configured Small Data Rate Control parameters.

NOTE 2:
The storage of the Small Data Rate Control Status information for very long time intervals can be implementation specific.

Editor´s Note:
How Small Data Rate Control Status is used at IWK with EPS is FFS.
Small Data rate control is based on a 'maximum allowed rate' per direction. If (H-)SMF provided the 'number of additional allowed exception report packets per time unit' to the UE, then the 'maximum allowed rate' is equal to the 'number of packets per time unit' plus the 'number of additional allowed exception report packets per time unit'. Otherwise, the 'maximum allowed rate' is equal to the 'number of packets per time unit'.

The UPF or NEF may enforce the uplink rate by discarding or delaying packets that exceed the 'maximum allowed rate'. The UPF or NEF shall enforce the downlink rate by discarding or delaying packets that exceed the downlink part of the 'maximum allowed rate'.

NOTE 4:
It is assumed that the Serving PLMN Rate is sufficiently high to not interfere with the Small Data Rate Control as the Small Data Rate Control, if used, is assumed to allow fewer messages. NAS PDUs related to exception reports are not subject to the Serving PLMN Rate Control.
***** End of changes *****
