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1. Introduction

CT1 have discussed several meetings on whether 5QI can be a suitable access category criteria type for Operator-defined access category definitions (ODAC) and no consensus achieved yet. An editor's note about this still remained and needs to be resolved from a frozen Rel-15 specification.
This paper attempts to provide more analysis to resolve the editor's note by justifying that 5QI is not a suitable access category criteria type for ODAC.
2. Discussion

2.1 Current SA1 requirement on ODAC

About the criteria used to determine the ODAC used by the operator, the related SA1 service requirments were provided in TS 22.261 subclause 6.22:

"The unified access control supports extensibility to allow inclusion of additional standardized Access Identities and Access Categories and supports flexibility to allow operators to define operator-defined Access Categories using their own criterion (e.g. network slicing, application, and application server)."

"The 5G system shall support means by which the operator can define operator-defined Access Categories to be mutually exclusive.

NOTE 2:
Examples of criterion of operator-defined Access Categories are network slicing, application, and application server."
From above yellow highlighted text, one can see the suitable creteria to determine the ODAC does not inlcude 5QI.
Observation 1: There is no SA1 requirement to justify 5QI as a suitable criterion for ODAC.
2.2 Mapping between access attempts and ODAC

The mapping between an access attempt and one or more ODACs follows the mapping table as specified in TS 24.501:

"Table 4.5.2.2: Mapping table for access categories

	Rule #
	Type of access attempt
	Requirements to be met
	Access Category

	3
	Access attempt for operator-defined access category
	UE was provided with operator-defined access category definitions for the current PLMN as specified in subclause 4.5.3, and access attempt is matching criteria of an operator-defined access category definition
	32-63 
(= based on operator classification)


"
From above yellow text, one can see that in order to meet the matching between an access attempt and an ODAC, there should be some information or parameters included in the access attempt, based on which the access attempt can be matched to at least one criteria of a stored ODAC to determine an access category. Hence, we could have:

Observation 2: In case of 5QI is used as an criterion for ODAC, 5QI should be directly provided by an access attempt or can be indirectly derived from an access attempt for ODAC matching.
2.3 Events triggered ODAC for access control
For the events triggering ODAC for access control, it was specifed in TS 24.501 as below:

"If the UE is configured with operator-defined access category definitions for a PLMN, then access control in 5GMM-IDLE mode will only be performed for the event a) defined in subclause 4.5.1.

If the UE is configured with operator-defined access category definitions for a PLMN, then access control in 5GMM-CONNECTED mode and in 5GMM-CONNECTED mode with RRC inactive indication will only be performed for the events 1) to 5) defined in subclause 4.5.1."

"the event a) defined in subclause 4.5.1" refers the events which trigger the UE transits from the ilde mode to 5GMM-CONNECTED mode. These events actually cover all initial NAS procedures, including: initial registration, mobility or periodic registration update, de-registration and service request. Some of them are triggered by the upper layers (e.g. service request or de-registration) while some of them can be initiated by NAS layer own (e.g. mobility or periodic registration update). For the triggers from the upper layers, the UE NAS will not receive any 5QI or any information can derive 5QI from the upper layers. Hence, based on above observation #2, it is infeasible to use 5QI to determine an ODAC. For the event initiated by NAS layer, as all initial NAS procedures are 5GMM procedures without including 5QI as a 5GMM context, it is also infeasible to use 5QI to determine an ODAC.

Observation 3: For access attempts triggering ODAC in idle mode, it is infeasible to use 5QI to determine an ODAC.

"the events 1) to 5) defined in subclause 4.5.1." refers following events in connected mode or RRC inactive mode:
1)
5GMM receives an MO-MMTEL-voice-call-started indication, an MO-MMTEL-video-call-started indication or an MO-SMSoIP-attempt-started indication from upper layers;

2)
5GMM receives a request from upper layers to send a mobile originated SMS over NAS unless the request triggered a service request procedure to transition the UE from 5GMM-IDLE mode to 5GMM-CONNECTED mode;

3)
5GMM receives a request from upper layers to send an UL NAS TRANSPORT message for the purpose of PDU session establishment unless the request triggered a service request procedure to transition the UE from 5GMM-IDLE mode to 5GMM-CONNECTED mode;

4)
5GMM receives a request from upper layers to send an UL NAS TRANSPORT message for the purpose of PDU session modification unless the request triggered a service request procedure to transition the UE from 5GMM-IDLE mode to 5GMM-CONNECTED mode;

5)
5GMM receives a request to re-establish the user-plane resources for an existing PDU session; and

6)
5GMM is notified that an uplink user data packet is to be sent for a PDU session with suspended user-plane resources.

For event 2), it is not associated with any PDU session which include 5QI, and hence similar as events in the idle mode, it is infeasible to use 5QI to determine an ODAC.

For events other than event 2), they are associated with a PDU session for which the URSP rules should be applied before these events can be occurred. As both specified in SA2 TS 23.503 and CT1 TS 24.526 for URSP rules evaluation, in the traffic requests from the upper layers (including MO-MMTEL-voice-call-started indication, an MO-MMTEL-video-call-started indication or an MO-SMSoIP-attempt-started indication) and in the URSP rules configured in the UE, there is no 5QI or any information can derive 5QI. Then after PDU session matching by evaluating URSP rules, i.e. either to use an exisiting PDU session (e.g. event 1), 4), 5) or 6) occurs) or to restablish a new PDU session (e.g. event 1) or 3) occurs), there is no way to use 5QI to determine an ODAC. It is true 5QI is a parameter of a QoS flow associated with a PDU session and then it is feasible to use it for ODAC matching. However, here the ODAC is only used for access control check triggered by an access attempt which finally associated with a PDU session, not associated with any QoS flows inside this PDU session. Hence, it is enough to use PDU session level criteria (e.g. DNN and/or S-NSSAI) to determine an ODAC.
Observation 4: For access attempts triggering ODAC in connected mode or RRC inactive mode, it is unnecessary to use 5QI to determine an ODAC while to use PDU session level criteria are enough.

2.4 Drawbacks of using 5QI for ODAC matching
Even for some events it is feasible to use 5QI for ODAC matching, we still observed some drawbaks for using 5QI:

(1) In case of the events triggers an new PDU session establishment (e.g. event 1) or 3)), at the time to determine an ODAC for access control, there is no 5QI available to be used for ODAC matching.
(2) In case of the events associated with an existing PDU session (e.g. event 1), 4), 5) or 6)), if only one 5QI is included in this PDU session (e.g. only has one QoS flow, or multiple QoS flows have the same 5QI), then to use DNN or S-NSSAI of this PDU session for ODAC matching is enough. To use 5QI will create unncessary UE handling for access control.
(3) In case of the events associated with an existing PDU session (e.g. event 1), 4), 5) or 6)), if more than one 5QIs are included in this PDU session (e.g. multiple QoS flows have different 5QIs), then it is very complicated for the UE to use which 5QI for ODAC matching due to only one ODAC needs to be determined for access control. Note that so far there are 15 standardized 5QIs and 127 Operator-specific 5QIs, and there are up to 64 QoS flows of a PDU session. As ODAC is totally an operator-controlled access category for access control, different operators may have different policies on ODAC matching in such complicated cases. Hence, it is impossible to define a common and standardized way for UE implementation to use 5QIs for ODAC matching to cover all possible cases to meet per operator policies. The cost here is much overwhelming the benefits.
Observation 5: There are big drwabacks of using 5QI for ODAC matching and its cost is much overwhelming its benefits.

2.5 Proposal
Based on discussion and observation above, we should like to propose:

Proposal: 5QI is not a suitable access category criteria type for ODAC and should be deleted from current TS 24.501 to resolve the remaining editor's note.

3. Conclusion
This paper provided technical analysis on whether 5QI is a suitable access category criteria type for ODAC.
Based on the discussion, below observations were provided
Observation 1: There is no SA1 requirement to justify 5QI as a suitable criterion for ODAC.

Observation 2: In case of 5QI is used as an criterion for ODAC, 5QI should be directly provided by an access attempt or can be indirectly derived from an access attempt for ODAC matching.
Observation 3: For access attempts triggering ODAC in idle mode, it is infeasible to use 5QI to determine an ODAC.

Observation 4: For access attempts triggering ODAC in connected mode or RRC inactive mode, it is unnecessary to use 5QI to determine an ODAC while to use PDU session level criteria are enough.

Observation 5: There are big drwabacks of using 5QI for ODAC matching and its cost is much overwhelming its benefits.

Based on these observations, below proposal was proposed:
Proposal: 5QI is not a suitable access category criteria type for ODAC and should be deleted from current TS 24.501 to resolve the remaining editor's note.

Above proposal is captured in CR C1-188295.
