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1. Introduction

This document highlights some existing checks regarding errors on QoS parameter operations and the need to modify them during PDU session establishment and PDU session modification procedures for UEs in NB-N1 mode.
2. Discussion
In general a UE currently checks for different types of errors during the PDU session establishment procedure or during the PDU session modification procedure. 
For example, the following is specified in section 6.4.1.3 as part of PDU session establishment procedure:
a)
Semantic errors in QoS operations:

[… SKIP…]

4)
When the rule operation is an operation other than "Create new QoS rule", and the request type is "initial request" or "initial emergency request".

[… SKIP…]
6)
When the flow description operation is an operation other than "Create new QoS flow description", and the request type is "initial request" or "initial emergency request".

In case 4, if the rule operation is for a non-default QoS rule, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS rule with 5GSM cause #83 "semantic error in the QoS operation".
In case 6, the UE shall send a PDU SESSION MODIFICATION REQUEST message to delete the QoS flow description with 5GSM cause #83 "semantic error in the QoS operation".
Case 4 in the excerpt above indicates that during PDU session establishment, for a non-default QoS rule with a rule operation that is different than “Create new QoS rule”, the rule is considered to be erroneous and hence the UE will perform the PDU session modification procedure to delete it. 

Note that had the rule operation for the non-default QoS rule indicated “Create new QoS rule” then the error defined in case 4 will not apply i.e. the operation will not be considered an error.
Similarly, case 6 indicates that if the flow description operation is set to “Create new QoS flow description” then the operation would be acceptable (i.e. not erroneous), however any other operation would be considered to be erroneous for which the UE would need to delete each erroneous QoS flow description.

Observation 1: during PDU session establishment, the “Create new QoS rule” operation for a non-default QoS rule is not considered an error.

Observation 2: during PDU session establishment, the “Create new QoS flow description” operation for a non-default QoS rule is not considered an error.

While the above operations (“Create new QoS rule” and “Create new QoS flow description”) are fine for UEs that are not in NB-N1 mode, the same operations would be considered as errors as is explained next.
Section 6.2.5.1.1.2 in TS 24.501 states:

In NB-N1 mode, there is only one QoS rule associated with a PDU session and that is the default QoS rule. As described in 3GPP TS 23.501 [8], when the SMF determines that the UE has:

a)
moved from a tracking area in WB-N1 mode into a tracking area in NB-N1 mode;

b)
moved from a tracking area in WB-S1 mode into a tracking area in NB-N1 mode; or

c)
moved from a tracking area in NR connected to 5GCN into a tracking area in NB-N1 mode;

the SMF shall, for each PDU session that is kept active, initiate the PDU session modification procedure (see subclause 6.3.3.2) to delete every QoS rule that is not the default QoS rule, if any.

Observation 3a: the requirement above implies that for a UE in NB-N1 mode, there can only be one QoS rule for each PDU session and that is the default QoS rule.
Observation 3b: during PDU session establishment for a UE in NB-N1 mode, if a QoS rule operation is set to “Create new QoS rule” and is for a non-default QoS rule, then this would go against the requirement.
Proposal 1: to meet the requirement above, during the PDU session establishment procedure for a UE in NB-N1 mode, the UE should check for any QoS rule operation that is set to “Create new QoS rule” and is for a non-default QoS rule. If such a rule exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS rule(s).
The QoS flow descriptions would follow a similar principle. While it is allowed to have a QoS flow description that is associated with the default QoS rule (i.e. the QFI of the QoS flow description is the same as the QFI of the default QoS rule), the requirement above means that there cannot be any other QoS flow description whose QFI is not the same as the QFI of the default QoS rule.

Proposal 2: to meet the requirement above, during the PDU session establishment procedure for a UE in NB-N1 mode, the UE should check for any QoS flow description operation that is set to “Create new QoS flow description” and for which the QFI is not the same as the QFI of the default QoS rule. If such a QoS flow description exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS flow description(s).

The discussion above also applies to the PDU session modification procedure following idle mode inter-RAT mobility into NB-IoT as per the excerpt above. However, for the PDU session modification procedure only the delete operation (on the non-default QoS rules and QoS flow descriptions) should be allowed, and so all other operations would be considered as erroneous.
Proposal 3: to meet the requirement above, during the PDU session modification procedure for a UE in NB-N1 mode, the UE should check for any QoS rule operation that is different from “Delete existing QoS rule” and is for a non-default QoS rule. If such a rule exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS rule(s).

Proposal 4: to meet the requirement above, during the PDU session modification procedure for a UE in NB-N1 mode, the UE should check for any QoS flow description operation that is different from “Delete existing QoS flow description” and for which the QFI is not the same as the QFI of the default QoS rule. If such a QoS flow description exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS flow description(s).

3. Conclusion
TS 24.501 currently requires the UE to check for errors on QoS rules and QoS flow descriptions for some of which the UE would then initiate the PDU session modification procedure to delete the erroneous QoS rule(s) or QoS flow description(s).

For UEs in NB-N1 mode, it is a requirement that only the default QoS rule can exist for any active PDU session. Based on this, the existing checks for errors on QoS rule operations or QoS flow description operations need to be updated.

This document discussed some of the QoS aspects for UEs in general and in particular for UEs in NB-N1 mode. The following observations and proposals have been made.

Observation 1: during PDU session establishment, the “Create new QoS rule” operation for a non-default QoS rule is not considered an error.

Observation 2: during PDU session establishment, the “Create new QoS flow description” operation for a non-default QoS rule is not considered an error.

Observation 3a: the requirement above (see section 2) implies that for a UE in NB-N1 mode, there can only be one QoS rule for each PDU session and that is the default QoS rule.

Observation 3b: during PDU session establishment for a UE in NB-N1 mode, if a QoS rule operation is set to “Create new QoS rule” and is for a non-default QoS rule, then this would go against the requirement (see section 2). 

Proposal 1: to meet the requirement above (see section 2), during the PDU session establishment procedure for a UE in NB-N1 mode, the UE should check for any QoS rule operation that is set to “Create new QoS rule” and is for a non-default QoS rule. If such a rule exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS rule(s).

Proposal 2: to meet the requirement above (see section 2), during the PDU session establishment procedure for a UE in NB-N1 mode, the UE should check for any QoS flow description operation that is set to “Create new QoS flow description” and for which the QFI is not the same as the QFI of the default QoS rule. If such a QoS flow description exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS flow description(s).

Proposal 3: to meet the requirement above (see section 2), during the PDU session modification procedure for a UE in NB-N1 mode, the UE should check for any QoS rule operation that is different from “Delete existing QoS rule” and is for a non-default QoS rule. If such a rule exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS rule(s).

Proposal 4: to meet the requirement above (see section 2), during the PDU session modification procedure for a UE in NB-N1 mode, the UE should check for any QoS flow description operation that is different from “Delete existing QoS flow description” and for which the QFI is not the same as the QFI of the default QoS rule. If such a QoS flow description exists, the UE should consider it an error and initiate the PDU session modification procedure to delete such erroneous QoS flow description(s).

C1-202388 implements the proposals above.
