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1. Introduction
QoS rules may be explicitly provided to the UE (using the PDU Session Establishment/Modification procedure), pre-configured in the UE or implicitly derived by UE by applying Reflective QoS. In 5GS the network can request the creation of up to 256 signalled QoS rules per PDU session. This could potentially require huge amount of signalled QoS filters filters (15 PDU Sessions x 256 QoS rules x 16 packet filters per rule x 67 octets per filter) in 5GS. The UEs may support a limited number of packet filters associated with QoS rules. 
This paper addresses how the UE can support limited number of packet filters associated with signalled and reflective QoS rules.
2. Discussion
In essence, we prefer Alt-A because Alt-B entails unnecessary complexity whereas both alternatives can achieve 
2.1 Requirements to support packet filters with QoS rules
The NAS protocol enables the network to add new QoS rules to a PDU session context using the network-requested PDU session modification procedure. There is no limitation for the number of QoS rules per PDU session, except for the definition of QoS rules IE itself which uses 1 octet to for the QoS rule identifier and thus allows up to 256 QoS rules per PDU session.

Moreover, each QoS rule can include up to 16 packet filters. This means that from protocol point of view, the maximum size of packet filter information to be stored by the UE according to TS 24.501 could be up to a factor of 256 times the maximum size of the information according to TS 24.008/24.301.

(Note: for TS 24.501 the maximum number of packet filters to be stored is:



(max # of PDU sessions) X (max # of QoS rules) X (max # of packet filters) = n1 x 256 x 16,

whereas for TS 24.008/24.301 it is:



(max # of PDP/EPS bearer contexts) X (max # of packet filters) = n2 x 16,

where currently n1 = 16 and n2 = 8. Both n1 and n2 are under discussion in Rel-15.

This means e.g. that whereas in TS 24.301, Rel-14, a memory of ≈ 8 kByte is sufficient to store all packet filters in a worst case scenario, in TS 24.501, assuming n1 = 15, a memory of ≈ 4 MByte would be required for the worst case).

In practice there is no real use case for which the UE needs to support the maximum number of packet filters associated with all the QoS rules for a PDU session, let alone – simultaneously – the maximum number of PDU sessions with maximum number of packet filters associated with QoS rules per PDU session. For the near future, probably the 8 kByte memory currently sufficient for EPS will also be sufficient for 5GS; therefore, reserving a memory of 4 MByte for packet filter information would be a waste of modem memory to support the storing of this maximum number of QoS rules per PDU session. 

Further the UE has to store packet filters associated with signalled QoS rules and also with derived QoS rules for Reflective QoS. So for practical reasons, it is better to enable UEs to support a limited number of packet filters associated with QoS rules for each PDU session. The exact number should be left UE implementation specific.
We would also like to highlight a similar case, the "maximum number of EPS bearer contexts", where it took some time, until Rel-11, that CT1 finally acknowledged that "not all modems are created equal (and support the same maximum number of 8 simultaneously active EPS bearer contexts)" – and introduced a specific ESM cause for this purpose.

2.2 
Handling limited number of packet filters associated with signalled QoS rules in a PDU session
When the network requests to add packet filters for a new signalled QoS rule during a network-requested PDU session modification procedure, if the UE has reached the maximum number of supported packet filters associated with QoS rules for this PDU session, then the UE shall be able to reject the network request indicating that the maximum number of supported packet filters associated with signalled QoS rules has been reached.
From a UE perspective we could re-use cause #26 "insufficient resources" for this purpose. However we could introduce a new, specific 5GSM cause value for this (Note that cause #26 can be used to indicate any kind of resource shortage, e.g. it is also used by the UE to reject a PDU SESSION MODIFICATION COMMAND for the case of "SSC mode 3" PDU session establishment as specified in section 6.3.2.4 of TS 24.501), but the preference for a new cause code would depend more on network vendors. 

We intend to re-use cause #26 "insufficient resources" for this purpose. The network may re-attempt a PDU Session Modification with a reduced number of signalled QoS rules (e.g. only a default QoS rule) or may release the PDU session.
Please see C1-182275 for relevant stage-3 changes.
2.3
Handling limited number of packet filters associated with derived QoS rules for Reflective QoS in a PDU session
For a UE supporting Reflective QoS functionality, the UE creates derived QoS rule for the uplink traffic based on the received DL traffic. When using Reflective QoS the UE may face similar constraints with packet filters associated with derived QoS rules as for packet filters associated with signalled QoS rules. 

Please note S2-182743 was endorsed in last SA2 #126 meeting which indicates how to handle such situations. 
Accordingly the UE will be able to inform the network when it is temporarily unable to use Reflective QoS on an established PDU Session due to reasons such as insufficient resources and also when it is able to subsequently resume the use of Reflective QoS on an established PDU Session by using the PDU Session Modification procedure.

SA2 is considering S2-183158/S2-183159 this week at SA2 #127. The corresponding stage-3 changes are captured in C1-182276.

3. Conclusion

In a 5G system the UE has to store packet filters associated with signalled QoS rules and also with derived QoS rules for reflective QoS. The memory requirements to store all packet filters in worst case scenario have increased significantly from a 4G system (~8KB) to 5G system (~4MB). So for practical reasons, it is better to enable UEs to support a limited number of packet filters associated with QoS rules for each PDU session. 

In case of signalled QoS rules, if the UE reaches the maximum number of supported packet filters for signalled QoS rules associated with a PDU session, then the UE shall set the 5GSM cause IE to #26 "insufficient resources" in the PDU SESSION MODIFICATION COMMAND message.
In case of derived QoS rules, if the UE reaches the maximum number of supported packet filters for derived QoS rules associated with a PDU session, the UE will be able to inform the network about its inability to use reflective QoS. The UE may subsequently notify the network when it is able to resume the use of reflective QoS.
Please see C1-182275 for relevant stage-3 changes related to signalled QoS rules.

Please see C1-182276 for relevant stage-3 changes related to reflective QoS.
