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1. Introduction

For SINE_5G work, there are still FFS for some Controversial Point (CP) (i.e. CP#9 and CP#10) as show in Annex Table A.1 for controversial cause values (i.e. #27, #70, #50 and #51).
In CT1#116 meeting, a CR C1-192466 was agreed with adding following Editor's note:
"Editor's note:
It is FFS whether the network can include a back-off timer value or a re-attempt indicator in a 5GSM reject message for 5GSM cause values #27 "missing or unknown DNN", #50 "PDU session type IPv4 only allowed", #51 "PDU session type IPv6 only allowed", and #70 "missing or unknown DNN in a slice" and how the UE behaves if the back-off timer value or the re-attempt indicator is received."
This discussion paper attempts to resolve the FFS related to 5GSM cause values #27, #50, #51 and #70 for SINE_5G.
2. Discussion

2.1 For 5GSM cause #27 "missing or unknown DNN"
For the ESM cause value #27 " missing or unknown APN", the network and UE behaviour without SINE feature vs. the network and UE behaviour with SINE feature can be summarized in below Table 1:
Table 1
	
	Without SINE (R11 backwards)
	With SINE (R12 onwards)

	NW behaviour
	The NW may include a time value in the T3396 value IE.
	1. The NW may include a time value in the Back-off timer value IE. Note that the IE name was changed but the IEI is the same.
2. The NW may also include the re-attempt indicator IE.

	UE behaviour
	1. The UE takes different actions depending on whether the PDN CONNECTIVITY REQUEST message was sent standalone and the timer value received in the T3396 value IE.

2. In principle, the UE will starts T3396 which is the same timer as congestion control.
	1. The UE takes different actions depending on whether the PDN CONNECTIVITY REQUEST message was sent standalone and the timer value received in the Back-off timer value IE. 
2. If no Back-off timer value IE received, the UE will ignore the received Re-attempt indicator IE and determine the back-off timer value based on NAS MO (in HPLMN/EHPLMN) or default value (not in HPLMN/EHPLMN).

3. The UE can perform inter-EPLMN retry restriction or inter-RAT retry restriction based on the received Re-attempt indicator IE or NAS MO configuration.
4. In principle, the UE will starts a back-off timer which is a different timer from congestion control.


Based on above table 1, one can observe:

Observation 1: In EPS, the UE behaviour are different between without SINE and with SINE for ESM cause #27.

When considering a typical case that the UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards) in which there is no Re-attempt indicator IE can be provided, then:

(1) If the network provided the T3396 value IE, the UE will treat it as received Back-off timer value IE as the same IEI was used and then start back-off timer, not T3396. This is different from the UE behaviour without SINE when accessing the network without SINE as in this case the UE will start T3396.

(2) If the network does not provide the T3396 value IE, the UE will determine the back-off timer value based on NAS MO (in HPLMN/EHPLMN) or default value (not in HPLMN/EHPLMN). This is also different from the UE behaviour without SINE when accessing the network without SINE as in this case the UE will do nothing and hence no retry restriction by default.

(3) As no Re-attempt indicator IE received, the UE can decide not retry in the EPLMN or take the NAS MO configuration (i.e. SM_RetryAtRATChange value) for inter-RAT retry restriction. This is also different from the UE behaviour without SINE when accessing the network without SINE as in this case the UE will do nothing and hence no inter-EPLMN and inter-RAT retry restriction by default.

Observation 2: In EPS for ESM cause #27, for a UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards), it behaves different from a UE without SINE (R11 backwards) accessing the network without SINE (R11 backwards). It is a common case that the UEs with different release supporting different features behave different within the same release of network as this will not cause any real problems.

For a UE supporting both S1 mode and N1 mode and supporting both SINE_4G and SINE_5G, it currently behaves for the cause #27 as summarised in Table 2.

Table 2
	
	With SINE_4G
	With SINE_5G

	NW behaviour
	1. The NW may include a time value in the Back-off timer value IE. Note that the IE name was changed but the IEI is the same.

2. The NW may also include the re-attempt indicator IE.
3. In principle the operator can force the retry restriction and a flexible inter-EPLMN and inter-RAT retry restriction per operator policy when the UE accessing EPC.
	1. The NW will include neither the Back-off timer value IE nor the re-attempt indicator IE.
2. In the operator cannot force any retry restriction when the UE accessing 5GC.

	UE behaviour
	1. The UE takes different actions depending on whether the PDN CONNECTIVITY REQUEST message was sent standalone and the timer value received in the Back-off timer value IE.

2. If no Back-off timer value IE received, the UE will ignore the received Re-attempt indicator IE and determine the back-off timer value based on NAS MO (in HPLMN/EHPLMN) or default value (not in HPLMN/EHPLMN).
3. The UE can perform inter-EPLMN retry restriction or inter-RAT retry restriction based on the received Re-attempt indicator IE or NAS MO configuration.

4. In principle, the UE will apply the retry restriction forced by the network.
	1. The UE ignores the Back-off timer value IE and Re-attempt indicator IE provided by the network, if any.
2. The UE cannot retry in the current PLMN for the same DNN in 5GC.
3. It is unspecified whether the UE can retry in 4G or in an EPLMN or in a different PLMN than EPLMN. As a valid implementation, the UE can retry in 4G or in an EPLMN or in a different PLMN than EPLMN.


Based on above table 2, one can observe:

Observation 3: For a UE supporting both SINE_4G and SINE_5G receiving the same cause value #27, it behaves totally different when accessing EPC and 5GC: In EPC, the operator can force a flexible retry restriction and the UE will apply the retry restriction, while in 5GC, the operator cannot force any retry restriction and the UE will only apply the retry restriction in the current PLMN via 5GC and inter-EPLMN and inter-RAT retry restriction is unspecified.

From operator perspective, it is a common case to deploy the same APN/DNN in EPC and 5GC and to deploy the same APN/DNN between the EPLMNs. Hence it is a valid requirement that a consistent retry restriction mechanism can be forced between EPC and 5GC or between EPLMNs. Also, it is a valid requirement that the operator can force different retry restriction within different RAT or different EPLMN. However, the current UE behaviour in TS 24.501 cannot meet those valid operator requirements and hence can cause following problems:

Problem 1: the network rejects the UE access with cause #27 in 5GC but cannot force any retry restriction for the UE, hence the UE can retry the access to the same APN/DNN via EPC and the network has to reject it again with cause #27 and then force the retry restriction per operator policy. This indeed creates unnecessary signalling load for which the SINE feature want to improve.
Problem 2: the network rejects the UE access with cause #27 in 5GC but cannot force any retry restriction for the UE, hence the UE can retry the access to the same APN/DNN via 5GC in an EPLMN and the network has to reject it again with cause #27. The UE then can retry the same APN/DNN via 5GC in another EPLMN, or retry the same APN/DNN via EPC in an EPLMN and then force the retry restriction per operator policy. This indeed creates unnecessary signalling load for which the SINE feature want to improve.
Hence, we would propose:

Proposal 1: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #27 as done in SINE_4G.

Based on above Proposal 1, it will happen that a R16 5G UE with SINE_5G accessing the R15 5GC network will behave different from a R15 5G UE without SINE_5G accessing the same R15 5GC network. However, as observed in Observation 2, this is a common case and will not cause any real problems.
2.2 For 5GSM cause #50 "PDN type IPv4 only allowed" and #51 "PDN type IPv6 only allowed"
For the ESM cause value #50 "PDN type IPv4 only allowed" and #51 "PDN type IPv6 only allowed", the network and UE behaviour without SINE feature vs. the network and UE behaviour with SINE feature can be summarized in below Table 3:

Table 3
	
	Without SINE (R11 backwards)
	With SINE (R12 onwards)

	NW behaviour
	The NW will not include a time value in the T3396 value IE.
	1. The NW will not include a time value in the Back-off timer value IE. Note that the IE name was changed but the IEI is the same.

2. The NW may include the re-attempt indicator IE.

	UE behaviour
	1. The UE will not retry until four conditions are met:

-
the UE is registered to a new PLMN;

-
the PDN type which is used to access to the APN is changed;

-
the UE is switched off; or

-
the USIM is removed.
2. As an implementation option, the UE may decide to not retry in the EPLMN.

3. In principle, the UE cannot retry in other RAT but can retry once it moves to a new PLMN, including the EPLMN.
	1. The UE ignores the Back-off timer value IE provided by the network, if any.
2. In case of the re-attempt indicator IE is received, the UE applies inter-EPLMN retry restriction based on the re-attempt indicator IE.
3. In case of no re-attempt indicator IE received, as an implementation option, the UE may decide to not retry in the EPLMN.

4. In principle, the UE cannot retry in other RAT but applies the inter-EPLMN retry restriction based on the re-attempt indicator IE.


Based on above table 3, one can observe:

Observation 4: In EPS, the UE behaviour are different between without SINE and with SINE for ESM cause #50 and #51.

When considering a typical case that the UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards) in which there is no Re-attempt indicator IE can be provided, then the UE cannot retry in other RAT but can retry once it moves to a new PLMN, including the EPLMN, or as an implementation option, the UE may decide to not retry in the EPLMN. This is the same as the UE behaviour without SINE when accessing the network without SINE.
Observation 5: In EPS for ESM cause #50 and #51, for a UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards), it behaves the same as a UE without SINE (R11 backwards) accessing the network without SINE (R11 backwards).

For a UE supporting both S1 mode and N1 mode and supporting both SINE_4G and SINE_5G, it currently behaves for the cause #50 and #51 as summarised in Table 4.

Table 4
	
	With SINE_4G
	With SINE_5G

	NW behaviour
	1. The NW will not include a time value in the Back-off timer value IE. Note that the IE name was changed but the IEI is the same.

2. The NW may include the re-attempt indicator IE.
3. In principle, the operator can force the inter-EPLMN retry restriction when the UE accessing EPC.
	1. The NW will include neither the Back-off timer value IE nor the re-attempt indicator IE.

2. In the operator cannot force any retry restriction when the UE accessing 5GC.

	UE behaviour
	1. The UE ignores the Back-off timer value IE provided by the network, if any.

2. In case of the re-attempt indicator IE is received, the UE applies inter-EPLMN retry restriction based on the re-attempt indicator IE.
3. In case of no re-attempt indicator IE received, as an implementation option, the UE may decide to not retry in the EPLMN.

4. In principle, the UE cannot retry in other RAT but applies the inter-EPLMN retry restriction based on the re-attempt indicator IE.
	1. The UE ignores the Back-off timer value IE and Re-attempt indicator IE provided by the network, if any.

2. The UE cannot retry in the EPLMN but can retry in a PLMN other than EPLMN.
3. In principle, the UE cannot retry in the EPLMN but can retry in a PLMN other than EPLMN and can retry in S1 mode.


Based on above table 4, one can observe:

Observation 6: For a UE supporting both SINE_4G and SINE_5G receiving the same cause value #50 and #51, it behaves different on inter-EPLMN and inter-RAT retry restriction when accessing EPC and 5GC: In EPC, the operator can force a flexible inter-EPLMN retry restriction and the UE cannot retry in other RAT, while in 5GC, the operator cannot force any retry restriction and the UE cannot retry in the EPLMN but can retry in a PLMN other than EPLMN and can retry in S1 mode.

From operator perspective, it is a common case to support the same PDN type/PDU session type in EPC and 5GC and to support the same PDN type/PDU session type between EPLMNs. Hence it is a valid requirement that a consistent retry restriction mechanism can be forced between EPC and 5GC or between EPLMNs. Also, it is a valid requirement that the operator can force different inter-EPLMN retry restriction. However, the current UE behaviour in TS 24.501 cannot meet those valid operator requirements and hence can cause following problems:

Problem 3: the network rejects the UE access with cause #50 and #51 in 5GC but cannot force any retry restriction for the UE, hence the UE can retry the access to the same PDN type/PDU session type via EPC in the current PLMN and the network has to reject it again with cause #50 and #51. This indeed creates unnecessary signalling load for which the SINE feature want to improve.

Problem 4: the network rejects the UE access with cause #50 and #51 in 5GC but cannot force any retry restriction for the UE, hence the UE cannot retry the access to the same PDN type/PDU session type via 5GC in an EPLMN. But the operator has configured the policy that retry in an EPLMN for the same PDN type/PDU session type is allowed. This prohibits the UE obtaining the service when an EPLMN is available.

Hence, we would propose:

Proposal 2: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #50 and #51 as done in SINE_4G.

Similar as Observation 5, a R16 5G UE with SINE_5G accessing R15 5GC network will behave the same as a R15 5G UE without SINE_5G accessing the same R15 5GC network.

2.3 For 5GSM cause #70 "missing or unknown DNN in a slice"
There is no corresponding ESM cause value in EPS for 5GSM cause #70 "missing or unknown DNN in a slice".
From operator perspective, it is a valid requirement to provide the similar retry restriction mechanism as done for #27 and hence we would propose:
Proposal 3: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #70 as done for #27.

3. Conclusion
This paper provided proposals to resolve the FFS related to 5GSM cause values #27, #50, #51 and #70 for SINE_5G (i.e. CP#9 and CP#10).
Based on the discussion, following observations were provided:
Observation 1: In EPS, the UE behaviour are different between without SINE and with SINE for ESM cause #27.
Observation 2: In EPS for ESM cause #27, for a UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards), it behaves different from a UE without SINE (R11 backwards) accessing the network without SINE (R11 backwards). It is a common case that the UEs with different release supporting different features behave different within the same release of network as this will not cause any real problems.

Observation 3: For a UE supporting both SINE_4G and SINE_5G receiving the same cause value #27, it behaves totally different when accessing EPC and 5GC: In EPC, the operator can force a flexible retry restriction and the UE will apply the retry restriction, while in 5GC, the operator cannot force any retry restriction and the UE will only apply the retry restriction in the current PLMN via 5GC and inter-EPLMN and inter-RAT retry restriction is unspecified.

Observation 4: In EPS, the UE behaviour are different between without SINE and with SINE for ESM cause #50 and #51.

Observation 5: In EPS for ESM cause #50 and #51, for a UE with SINE (R12 onwards) accessing the network without SINE (R11 backwards), it behaves the same as a UE without SINE (R11 backwards) accessing the network without SINE (R11 backwards).

Observation 6: For a UE supporting both SINE_4G and SINE_5G receiving the same cause value #50 and #51, it behaves different on inter-EPLMN and inter-RAT retry restriction when accessing EPC and 5GC: In EPC, the operator can force a flexible inter-EPLMN retry restriction and the UE cannot retry in other RAT, while in 5GC, the operator cannot force any retry restriction and the UE cannot retry in the EPLMN but can retry in a PLMN other than EPLMN and can retry in S1 mode.

Based on the above observations, following proposals were provided:
Proposal 1: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #27 as done in SINE_4G.

Proposal 2: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #50 and #51 as done in SINE_4G.

Proposal 3: In SINE_5G, the consistent retry restriction mechanism is provided for 5GSM cause #70 as done for #27.

Above proposals were captured in the CR C1-193421.

Annex A
Table A.1. Controversial points on SINE_5G
	Controversial Point (CP)
	Direction
	Comments
	Conclusion

	CP#1：Consistent back-off between 4G and 5G
	Yes, to provide a consistent back-off for the same SM procedure between 4G and 5G, i.e. the back-off for PDU session establishment in 5GS is consistent with PDN connectivity procedure in 4G, and PDU session modification in 5GS is consistent with EPS bearer resource allocation/modification procedure in 4G.
	Either CP#1 or CP#2 will go ahead, CP#1 is selected.


	Ok, go this direction

Back off is per 5GSM procedure.

	CP#2：Consistent back-off between PDU session establishment and PDU session modification
	No, to go with CP#1, as SINE is per SM procedure level, to align with 4G is preferred.

In 4G, the back off for PDN connectivity and for EPS bearer resource allocation/modification are different.
	Either CP#1 or CP#2 will go ahead, CP#1 is selected.


	Not go this direction

	CP#3: PDU session modification corresponds with both EPS bearer resource allocation/modification in 4G for back-off
	Yes, there is a back-off between PDU session modification corresponds and both EPS bearer resource allocation/modification in 4G, i.e. back-off of PDU session modification will back-off both EPS bearer resource allocation/modification, and vice-versa, if inter-RAT re-attempt is not allowed.
	
	Ok, go this direction

	CP#4：Combinations for PDU session establishment
	Four combinations [PLMN, DNN, no S-NSSAI], [PLMN, S-NSSAI, no DNN], [PLMN, DNN, S-NSSAI] and [PLMN, no DNN, no S-NSSAI] are covered to back-off the PDU session establishment procedure.
	As suggested by Ivo, etc.
	Ok, go this direction

	CP#5：Combination for PDU session modification
	Only one combination [PLMN, DNN, S-NSSAI] is covered to back-off the PDU session modification. No network indication as in proposal 3.3 is needed, and option 1) in proposal 3.1 will be selected.
	As suggested by Mahmoud, this is to fully align with back-off for EPS bearer resource allocation/modification in S1 mode in which, all parameters associated (i.e. only APN) with the allocated/modified EPS bearer context are used for back-off.
	FFS

[The FFS was resolved in CT1#115 meeting]

	CP#6：Inter-RAT retry restriction
	It is fully controlled by the re-attempt indicator provided by the network/NAS MO/USIM file regardless of combinations, e.g. 

(1) in case of back-off in N1 for PDU session establishment is [PLMN, no DNN, S-NSSAI], if re-attempt indicator indicates inter-RAT re-attempt is NOT allowed, then back-off in S1 for PDN connectivity for [PLMN, no DNN] applies. 

(2) In case of back-off in S1 mode for PDN connectivity is [PLMN, APN], if re-attempt indicator indicates inter-RAT re-attempt is NOT allowed, then back-off in N1 for PDU session establishment is applied to [PLMN, DNN, no-S-NSSAI] and [PLMN, DNN, S-NSSAI]
	
	Ok, go this direction

FFS for what are S-NSSSAI in [PLMN, DNN, S-NSSAI] for case (2)?
[The FFS was resolved in CT1#115 meeting]

	CP#7: re-attempt indicator NAS  MO for N1 mode
	To extend existing “SM_RetryAtRATChange” NAS MO to cover N1 mode, no new NAS MO is needed.
	As suggested by Robert. 

After double checking I think to extend the existing MO is sufficient as there is no interworking between 2G/3G and 5G and hence the combination between 2G/3G and 5G is not really needed for back-off in 4G.
	Ok, go this direction

	CP#8: Multiple back-off timers in N1 mode for the same combination
	It could happen there are multiple back-off timers running in N1 mode for the same [PLMN, DNN/no DNN] considering S-NSSAI, in this case, the back-off in S1 mode will until all back-off timers expire, if inter-RAT re-attempt is not allowed.
	As suggested by Ivo.
	Ok, go this direction

	CP#9: Handling of #27, #70
	Alt#1: To extend the existing back-off to align with #27 in 4G for SINE but leave with the issue that R16 UE behaves different from R15 UE in R15 network;

Alt#2: No touch #27 and #70 in this meeting and for FFS.
	
	Go to Alt#2

	CP#10: Handling of #50, #51
	Alt#1: To extend the existing back-off to align with#50, #51 in 4G for SINE but leave with the issue that R16 UE behaves different from R15 UE in R15 network;

Alt#2: To extend the existing back-off but limits the UE’s re-attempt in EPLMN only in case of Re-attempt indicator IE was received. This will resolve the issue in Alt#1;

Alt#3: No touch #50 and #51 in this meeting and for FFS.
	
	FFS

	CP#11: One back-off timer in S1 mode for multiple combinations in N1 mode considering S-NSSAI
	Following CP#6, if inter-RAT attempt is NOT allowed, as only one timer running in S1 mode, the back-off in N1 mode applies to [PLMN, DNN, no S-NSSAI] and [PLMN, DNN, any S-NSSAI] until this timer expire.
	This the opposite case of CP#8.
	FFS
[The FFS was resolved in CT1#115 meeting]


Annex B
TS 24.301 v11.14.0 (without SINE feature)
For #27:

If the ESM cause value is #26 "insufficient resources" or #27 "missing or unknown APN", the network may include a value for timer T3396 (see 3GPP TS 24.008 [13]) in the PDN CONNECTIVITY REJECT message.
If the ESM cause value is #27 "missing or unknown APN" and T3396 value IE is included:

-
if the PDN CONNECTIVITY REQUEST message was sent standalone, the UE shall take different actions depending on the timer value received for timer T3396:
-
if the timer value indicates neither zero nor deactivated, the UE shall start timer T3396 and not send another PDN CONNECTIVITY REQUEST message for the same APN until timer T3396 expires, the UE is switched off or the USIM is removed;

-
if the timer value indicates that this timer is deactivated, the UE shall not send another PDN CONNECTIVITY REQUEST message for the same APN until the UE is switched off or the USIM is removed; and

-
if the timer value indicates zero, the UE may send another PDN CONNECTIVITY REQUEST message for the same APN; and

-
if the PDN CONNECTIVITY REQUEST message was sent together with an ATTACH REQUEST, the UE shall take different actions depending on the timer value received for timer T3396 and integrity protection of the ATTACH REJECT message:
-
if the ATTACH REJECT message is not integrity protected, the UE shall start timer T3396 with a random value from a default range specified in table 11.2.3(see 3GPP TS 24.008 [13]), and:
-
shall not initiate a new attach procedure with the same APN that was sent by the UE, until timer T3396 expires, the UE is switched off or the USIM is removed; and

-
shall not initiate a new attach procedure without an APN if the UE did not provide any APN during the attach procedure, until timer T3396 expires, the UE is switched off or the USIM is removed;

-
if the ATTACH REJECT message is integrity protected, the UE shall proceed as follows:

a)
if the timer value indicates neither zero nor deactivated, the UE shall start timer T3396 and:

-
shall not initiate a new attach procedure with the same APN that was sent by the UE, until timer T3396 expires, the UE is switched off or the USIM is removed; and

-
shall not initiate a new attach procedure without an APN if the UE did not provide any APN during the attach procedure, until timer T3396 expires, the UE is switched off or the USIM is removed;

b)
if the timer value indicates that this timer is deactivated, the UE:

-
shall not initiate a new attach procedure with the same APN that was sent by the UE, until the UE is switched off or the USIM is removed; and
-
shall not initiate a new attach procedure without an APN if the UE did not provide any APN during the attach procedure, until the UE is switched off or the USIM is removed; and
c)
if the timer value indicates that this timer is zero, the UE shall proceed as specified in subclause 5.5.1.2.6 item d.
8.3.19.3
T3396 value

The network may include this IE if the ESM cause is #26 "insufficient resources" or #27 "missing or unknown APN".
For #50/#51:

If the ESM cause value is #50 "PDN type IPv4 only allowed" or #51 "PDP type IPv6 only allowed", the UE shall not automatically send another PDN CONNECTIVITY REQUEST message for the same APN that was sent by the UE using the same PDN type until:

-
the UE is registered to a new PLMN;

-
the PDN type which is used to access to the APN is changed;

-
the UE is switched off; or

-
the USIM is removed.
Furthermore as an implementation option, for the SM cause values #50 "PDP type IPv4 only allowed" and #51 "PDP type IPv6 only allowed", the UE may decide not to automatically send another PDN CONNECTIVITY REQUEST message for the same APN that was sent by the UE using the same PDN type, if the UE is registered to a new PLMN which is in the list of equivalent PLMNs.
NOTE 1:
Request to send another PDN CONNECTIVITY REQUEST message with a specific PDN type has to come from upper layers.

TS 24.301 V16.0.0 (with SINE feature):

For #27:

If the ESM cause value is different from #26 "insufficient resources", #50 "PDN type IPv4 only allowed", #51 "PDN type IPv6 only allowed", #54 "PDN connection does not exist", #57 "PDN type IPv4v6 only allowed", #58 "PDN type non IP only allowed", #65 "maximum number of EPS bearers reached", and #66 "requested APN not supported in current RAT and PLMN combination", and the Back-off timer value IE is included, the UE shall behave as follows:

1)
if the PDN CONNECTIVITY REQUEST message was sent standalone, the UE shall take different actions depending on the timer value received in the Back-off timer value IE (if the UE is a UE configured to use AC11 – 15 in selected PLMN, exceptions are specified in subclause 6.3.6):

i)
if the timer value indicates neither zero nor deactivated, the UE shall start the back-off timer with the value provided in the Back-off timer value IE for the PDN connectivity procedure and PLMN and APN combination and

-
shall not send another PDN CONNECTIVITY REQUEST message in the PLMN for the same APN that was sent by the UE, until the back-off timer expires, the UE is switched off or the USIM is removed; and

-
shall not send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN and with request type different from "emergency" and from "handover of emergency bearer services" if no APN was included in the PDN CONNECTIVITY REQUEST message, until the back-off timer expires, the UE is switched off or the USIM is removed;

ii)
if the timer value indicates that this timer is deactivated, the UE:

-
shall not send another PDN CONNECTIVITY REQUEST message in the PLMN for the same APN until the UE is switched off or the USIM is removed; and

-
shall not send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN and with request type different from "emergency" and from "handover of emergency bearer services" if no APN was included in the PDN CONNECTIVITY REQUEST message, until the UE is switched off or the USIM is removed; and

iii)
if the timer value indicates zero, the UE:

-
may send another PDN CONNECTIVITY REQUEST message in the PLMN for the same APN; and

-
may send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN; and

2)
if the PDN CONNECTIVITY REQUEST message was sent together with an ATTACH REQUEST, the UE shall take different actions depending on the timer value received in the Back-off timer value IE and on the integrity protection of the ATTACH REJECT message (if the UE is a UE configured to use AC11 – 15 in selected PLMN, exceptions are specified in subclause 6.3.6):

i)
if the ATTACH REJECT message is not integrity protected, the UE shall start the back-off timer with a random value from a default range specified in table 11.2.3(see 3GPP TS 24.008 [13]), and:
a)
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN with the same APN that was sent by the UE, until the back-off timer expires, the UE is switched off or the USIM is removed; and

b)
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN and with request type different from "emergency" and from "handover of emergency bearer services", if the UE did not provide any APN during the attach procedure and the request type was different from "emergency", until the back-off timer expires, the UE is switched off or the USIM is removed; and

ii)
if the ATTACH REJECT message is integrity protected, the UE shall proceed as follows:

a)
if the timer value indicates neither zero nor deactivated, the UE shall start the back-off timer with the value provided in the Back-off timer value IE for the PDN connectivity procedure and PLMN and APN combination and:

-
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN with the same APN that was sent by the UE, until the back-off timer expires, the UE is switched off or the USIM is removed; and

-
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN and with request type different from "emergency" and from "handover of emergency bearer services", if the UE did not provide any APN during the attach procedure and the request type was different from "emergency" and from "handover of emergency bearer services", until the back-off timer expires, the UE is switched off or the USIM is removed;

b)
if the timer value indicates that this timer is deactivated, the UE:

-
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN with the same APN that was sent by the UE, until the UE is switched off or the USIM is removed; and
-
shall not initiate a new attach procedure or send another PDN CONNECTIVITY REQUEST message in the PLMN without an APN and with request type different from "emergency" and from "handover of emergency bearer services", if the UE did not provide any APN during the attach procedure and the request type was different from "emergency" and from "handover of emergency bearer services", until the UE is switched off or the USIM is removed; and
c)
if the timer value indicates that this timer is zero, the UE shall proceed as specified in subclause 5.5.1.2.6 item d.
If the Back-off timer value IE is not included and the PDN CONNECTIVITY REQUEST was sent standalone, then the UE shall ignore the Re-attempt indicator IE provided by the network in PDN CONNECTIVITY REJECT, if any.

1)
Additionally, if the ESM cause value is #8 "operator determined barring", #27 "missing or unknown APN", #32 "service option not supported", or #33 "requested service option not subscribed", the UE shall proceed as follows:

-
if the UE is registered in the HPLMN or in a PLMN that is within the EHPLMN list, the UE shall behave as described above in the present subclause, using the configured SM_RetryWaitTime value as specified in 3GPP TS 24.368 [15A] or in USIM file NASCONFIG as specified in 3GPP TS 31.102 [17], if available, as back-off timer value; and

-
otherwise, if the UE is not registered in its HPLMN or in a PLMN that is within the EHPLMN list, or if the SM_RetryWaitTime value is not configured, the UE shall behave as described above in the present subclause, using the default value of 12 minutes for the back-off timer.
For #50/#51:

If the ESM cause value is #50 "PDN type IPv4 only allowed", #51 "PDN type IPv6 only allowed", #57 "PDN type IPv4v6 only allowed" or #58 "PDN type non IP only allowed", the UE shall ignore the Back-off timer value IE provided by the network, if any. The UE shall not automatically send another PDN CONNECTIVITY REQUEST message for the same APN that was sent by the UE using the same PDN type until any of the following conditions is fulfilled:

-
the UE is registered to a new PLMN, and either the network did not include a Re-attempt indicator IE in the PDN CONNECTIVITY REJECT message or the Re-attempt indicator IE included in the message indicated that re-attempt in an equivalent PLMN is allowed;

-
the UE is registered to a new PLMN which was not in the list of equivalent PLMNs at the time when the PDN CONNECTIVITY REJECT message was received;
-
the PDN type which is used to access to the APN is changed;

-
the UE is switched off; or

-
the USIM is removed.
For the ESM cause values #50 "PDN type IPv4 only allowed", #51 "PDN type IPv6 only allowed", #57 "PDN type IPv4v6 only allowed" and #58 "PDN type non IP only allowed", the UE shall ignore the value of the RATC bit in the Re-attempt indicator IE provided by the network, if any.
Furthermore as an implementation option, for the SM cause values #50 "PDN type IPv4 only allowed", #51 "PDN type IPv6 only allowed", #57 "PDN type IPv4v6 only allowed" and #58 "PDN type non IP only allowed", if the network does not include a Re-attempt indicator IE the UE may decide not to automatically send another PDN CONNECTIVITY REQUEST message for the same APN that was sent by the UE using the same PDN type, if the UE is registered to a new PLMN which is in the list of equivalent PLMNs.

NOTE 4:
Request to send another PDN CONNECTIVITY REQUEST message with a specific PDN type has to come from upper layers.

TS 24.501 v15.3.0 (without SINE feature):
For #27:
If the 5GSM cause value is #27 "missing or unknown DNN", the UE shall not send another PDU SESSION ESTABLISHMENT REQUEST message in the PLMN for the same DNN that was sent by the UE, until the UE is switched off, the USIM is removed, or the DNN is included in the LADN information and the network updates the LADN information during the registration procedure or the generic UE configuration update procedure.
For #50/#51:
If the 5GSM cause value is #50 "PDU session type IPv4 only allowed" or #51 "PDU session type IPv6 only allowed", the UE shall not subsequently initiate another UE requested PDU session establishment procedure to the same DNN (or no DNN, if no DNN was indicated by the UE) and the same S-NSSAI associated with (if available in roaming scenarios) a mapped S-NSSAI (or no S-NSSAI, if no S-NSSAI was indicated by the UE) using the same PDU session type until any of the following conditions is fulfilled:

a)
the UE is registered to a new PLMN which was not in the list of equivalent PLMNs at the time when the PDU SESSION ESTABLISHMENT REJECT message was received;
b)
the PDU session type which is used to access to the DNN (or no DNN, if no DNN was indicated by the UE) and the S-NSSAI (or no S-NSSAI, if no S-NSSAI was indicated by the UE) are changed by the UE which subsequently requests another PDU session type;

c)
the UE is switched off; or

d)
the USIM is removed.
In this case, the UE is not prohibited from initiating a UE requested PDN connectivity procedure to the same DNN (or no DNN, if no DNN was indicated by the UE) in S1 mode.

TS 24.501 v16.0.2 (with SINE feature):

For #27:
If the 5GSM cause value is #27 "missing or unknown DNN", the UE shall ignore the Back-off timer value IE and Re-attempt indicator IE provided by the network, if any. The UE shall not send another PDU SESSION ESTABLISHMENT REQUEST message in the PLMN for the same DNN that was sent by the UE, until the UE is switched off, the USIM is removed, or the DNN is included in the LADN information and the network updates the LADN information during the registration procedure or the generic UE configuration update procedure.
For #50/#51:

If the 5GSM cause value is #50 "PDU session type IPv4 only allowed" or #51 "PDU session type IPv6 only allowed", the UE shall ignore the Back-off timer value IE and Re-attempt indicator IE provided by the network, if any. The UE shall not subsequently send another PDU SESSION ESTABLISHMENT REQUEST message for the same DNN (or no DNN, if no DNN was indicated by the UE) and the same S-NSSAI associated with (if available in roaming scenarios) a mapped S-NSSAI (or no S-NSSAI, if no S-NSSAI was indicated by the UE) using the same PDU session type until any of the following conditions is fulfilled:

a)
the UE is registered to a new PLMN which was not in the list of equivalent PLMNs at the time when the PDU SESSION ESTABLISHMENT REJECT message was received;

b)
the PDU session type which is used to access to the DNN (or no DNN, if no DNN was indicated by the UE) and the S-NSSAI (or no S-NSSAI, if no S-NSSAI was indicated by the UE) are changed by the UE which subsequently requests another PDU session type;

c)
the UE is switched off; or

d)
the USIM is removed.
In this case, the UE is not prohibited from initiating a UE requested PDN connectivity procedure to the same DNN (or no DNN, if no DNN was indicated by the UE) in S1 mode.
