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1. Introduction

The SINE_5G WID [1] was approved in CT#82 plenary and now it is the time to start the Rel-16 work in CT1. SINE_5G should at least provide an equivalent functionalities as done in EPS to improve the network efficiency in 5GS. This paper attempts to analyse how to provide the equivalent SINE functionalities in 5GS, mainly to cover the majority work of following objectives included in the SINE_5G WID [1]:

"1.
To provide the back-off control mechanism in 5GS for some 5GSM reject cause values not related to congestion control to restrict the 5G UE from repeatedly requesting a PDU session establishment or PDU session modification to the same DNN and/or S-NSSAI after a 5GSM reject with a 5GSM cause value, e.g. #33 "Requested service option not subscribed".

2.
To provide an equivalent retry restriction mechanism in 5GS as defined in EPS for inter-PLMN retry attempts and inter-RAT retry attempts.

4.
To enhance the retry restriction mechanism specified in EPS to cover the inter-RAT retry attempts in 5GS."
2. Discussion

2.1 Common considerations for SINE_5G
The SINE_5G feature is mainly to provide a back-off control and retry restriction mechanisms to improve the network efficiency in 5GS. The back-off control is to start a back-off timer to restrict the UE’s subsequent retry. The retry restriction includes inter-RAT retry restriction and inter-EPLMN retry restriction, based on the re-attempt indicator provided by the network, or the local configured NAS MO or USIM file.

Unlike the 5GSM congestion control mechanism, SINE_5G is typically to prevent the UE from repeatedly re-attempting the same given 5GSM procedure for the same DNN in the same PLMN. It does not prevent the UE to initiate a different 5GSM procedure even for the same DNN in the same PLMN. For the given 5GSM procedure, as per current UE initiated 5GSM procedure definedin TS 24.501, the SINE_5G should be applied to the PDU session establishment procedure and PDU session modification procedure only, i.e. the PDU session release procedure is out of the scope of SINE_5G. All these are similar as SINE in EPS.
Proposal 1.1: SINE_5G is applied to a given 5GSM procedure, i.e. either the PDU session establishment procedure or the PDU session modification procedure.
Similar as SINE in EPS, the emergency service and the high priority access should be exempted from SINE_5G.

Proposal 1.2: The emergency service and the high priority access are exempted from SINE_5G.
One big difference from SINE in EPS is: in additional to the DNN, the S-NSSAI is a mandatory parameter for a non-emergency PDU session and used for session resource management per operator policies. The UE can initiate the same 5GSM procedure for the same DNN but assoicated with different slices. Hence, the SINE-5G should take the S-NSSAI into account for back-off and retry restriction as done for the DNN.
Proposal 1.3: The DNN or S-NSSAI or their combination should be taken into account for SINE_5G.
As no S-NSSAI used during the ESM procedure and hence the S-NSSAI itself will not impact the inter-RAT retry restriction between the N1 mode and S1 mode, i.e. if a back-off timer is associated with a specific S-NSSAI in 5GS, the inter-RAT retry restriction is still fully based on the re-attempt indicator provided by the network, or the local configured NAS MO or USIM file. In case of re-attempt in S1 mode is not allowed, the combination [PLMN, S-NSSAI] and [PLMN, DNN, S-NSSAI] will be treated as [PLMN, no DNN] and [PLMN, DNN] respectively, to prevent the UE from sending the corresponding ESM proceure in S1 mode.

Proposal 1.4: The S-NSSAI does not impact the inter-RAT retry restriction between the N1 mode and S1 mode, and a consistent inter-RAT retry restriction is performed based on the re-attempt indicator provided by the network, or the local configured NAS MO or USIM file.
For UEs registered in its HPLMN or EHPLMN, in case of no back-off timer value is provided by the network, the existing SM Retry Timer value configured in the NAS MO or USIM file can be reused as the back-off timer value. There is no special service requirement that a different local configured timer value is needed for SINE_5G than SINE in EPS. 
Proposal 1.5: The existing SM Retry Timer value configured in the NAS MO or USIM file can be re-used as the back-off timer value for SINE_5G.
For UEs registered in its HPLMN or EHPLMN, in case of no re-attempt indicator is provided by the network, a new NAS MO or new value in the USIM file needs to be defined for SINE_5G as the current one only indicates the re-attempt between the A/Gb or Iu mode and S1 mode.
Proposal 1.6: A new NAS MO or new value in the USIM file needs to be defined for inter-RAT retry restriction between S1 mode and N1 mode.
2.2 Sepcial considerations for PDU session establishment procedure
Following Proposal 1.3, it makes the back-off control and retry restriction mechanisms applied to the PDU session establishment procedure more complicated than SINE in EPS.
Following Proposal 1.1, as both DNN and S-NSSAI are optional IE provided during the PDU session establishment procedure, the back-off control mechanism should cover following four combinations, i.e. the back-off timer starts for the PDU session establishment procedure and following combinations:
(1) [PLMN, DNN]: Only DNN and no S-NSSAI was provided during the PDU session establishment. The full combination is [PLMN, DNN, no S-NSSAI] but for simplicity it can be called [PLMN, DNN] combination, i.e. [PLMN, DNN] = [PLMN, DNN, no S-NSSAI].
(2) [PLMN, S-NSSAI]: Only S-NSSAI and no DNN was provided during the PDU session establishment. The full combination is [PLMN, no DNN, S-NSSAI] but for simplicity it can be called [PLMN, S-NSSAI] combination, i.e. [PLMN, S-NSSAI] = [PLMN, no DNN, S-NSSAI].
(3) [PLMN, DNN, S-NSSAI]: Both DNN and S-NSSAI were provided during the PDU session establishment.
(4) [PLMN, no DNN, no S-NSSAI]: Neither DNN nor S-NSSAI was provided during the PDU session establishment.
Proposal 2.1: Four combinations [PLMN, DNN], [PLMN, S-NSSAI], [PLMN, DNN, S-NSSAI] and [PLMN, no DNN, no S-NSSAI] need to be covered to back-off the PDU session establishment procedure.
As the UE will memorise the DNN and the S-NSSAI provided to the network during the PDU session establishment, upon network reject for the back-off, the UE can clearly associate the back-off timer with one of above four combinations without the network providing a dedicated indication for it. Note that actually the SMF cannot accurately know whether the UE has provided DNN or S-NSSAI during the PDU session establishment as in case of the UE wants to use the default DNN or default S-NSSAI, it will not provide it. Also, the UE does not know which DNN or which S-NSSAI is the default one at the network side. Hence, it is impossible for the network to provide an indication to indicate the UE to associate the back-off timer with one of four combinations.
Proposal 2.2: No network indication to indicate the UE to associate the back-off timer with one of four combinations for the PDU session establishment procedure.

For 5GSM reject cause values, similar as SINE in EPS, the cause #8 "operator determined barring", #27 "missing or unknown DNN", #32 "service option not supported", #33 "requested service option not subscribed" should be backed off under SINE_5G to provide the equivalent functionalities in EPS . Similar as #27, the new 5GSM cause #70 "missing or unknown DNN in a slice" should be covered as well.
In addtion to the 5GSM cause value used for congestion control (i.e., #26 "insufficient resources", #67 "insufficient resources for specific slice and DNN" and #69 "insufficient resources for specific slice"), there are some cause values, including #28 "unknown PDU session type", #46 "out of LADN service area", "#50 "PDU session type IPv4 only allowed", #51 "PDU session type IPv6 only allowed", #54 "PDU session does not exist" and #68 "not supported SSC mode", for which the UE definitely knows it cannot retry the same 5GSM procedure and the UE’s behavour was already specified in the current TS 24.501, For all these cause values, the UE shall ignore the received back-off timer value. Moreover, for #50 and #51, similar as SINE in EPS, the network can provide a re-attempt indicator for inter-EPLMN retry restriction only.
Proposal 2.3: 
(1) The equivlent back-off and retry restrcition are provided for 5GSM cause value #8, #27, #32, #33 and #70;

(2) The equivlent inter-EPLMN retry restrcition is provided for 5GSM cause value #50 and #51; and

(3) The back-off is exempted for 5GSM cause value #28, #46, #50, #51, #54 and #68. 
For SINE in EPS, we observed a back-off and inter-EPLMN retry restrcition was provided for ESM cause #66 "requested APN not supported in current RAT and PLMN combination". However, this cause value so far was not defined in 5GS and hence, we would suggest to defer it for SINE_5G until it was introduced in 5GS first. Note that it should be discussed whether this cause value is still needed in 5GS and if so, whether to be introduced since Rel-15 or in Rel-16 only. This is not the remit of this paper.

Proposal 2.4: Whether the similar cause value #66 is applied for SINE_5G is deferred until it was introduced in 5GS first.
In the roaming cases, the UE needs also provide the assoicated mapped S-NSSAI(s) of the HPLMN (if available) during the PDU session establishment. However, we believe the mapped S-NSSAI(s) of the HPLMN needs not to be taken into account for the back-off control associated with a specific S-NSSAI in a VPLMN due to following reasons:

(1) Whether to also provide the mapped S-NSSAI(s) of the HPLMN during the PDU session establishment is a general existing handling which is fully decoupled from the SINE_5G.
(2) It is true that an S-NSSAI of the allowed NSSAI can be mapped to more than one S-NSSAIs of the HPLMN. However, the running back-off timer is only associated to a specific S-NSSAI in the serving PLMN, not to the mapped S-NSSAI(s) of the HPLMN. Hence, the UE cannot retry for the same S-NSSAI even it changes its mapped S-NSSAI(s) of the HPLMN.

Note that even in the current 5GSM congestion control handling, the mapped S-NSSAI(s) of the HPLMN in roaming case, is not taken into account for the back-off.
Proposal 2.5: In roaming cases, the mapped S-NSSAI(s) of the HPLMN is not taken into account for the back-off control associated with a specific S-NSSAI in a VPLMN.
2.3 Sepcial considerations for PDU session modification procedure
The back-off control and retry restriction for the PDU session modification procedure is different from the PDU session establishment procedure.
Normally, the PDU session modification procedure is binding to an existing PDU session. As per current principle provided in TS 24.501, for each non-emergency PDU session, both the DNN and the S-NSSAI are its mandatory parameters. Furthermore, the UE will memorise the DNN and the S-NSSAI provided to the network during the PDU session establishment. Then, there are two different ways for the UE to associate the back-off timer with DNN and/or S-NSSAI combination:
(1) The DNN and/or S-NSSAI of the PDU session for which the PDU session modification is requested; or
(2) The DNN and/or S-NSSAI provided by the UE during the PDU session establishment.

For SINE in EPS, even in general subclause 6.3.6 in TS 24.301 it describes as below, in the procedural text in TS 24.301 subclause 6.5.3.4.3 for the EPS bearer resource allocation procedure and in TS 24.301 subclause 6.5.4.4.3 for the EPS bearer resource modification procedure, actually the above way (1) was used, i.e. the UE associates the back-off timer with the DNN of the EPS bearer context for which the ESM procedure is requested.
"The APN of the PLMN and APN combination associated with the back-off timer is the APN provided by the UE when the PDN connection is established. If no APN is included in the PDN CONNECTIVITY REQUEST or, when applicable, in the ESM INFORMATION RESPONSE message, then the back-off timer is associated with the combination of the PLMN and no APN. For this purpose the UE shall memorize the APN provided to the network during the PDN connection establishment."

Hence, to provide a consistent back-off control for the PDU session modification procedure in 5GS, the above way (1) should be used. Note that this is different from the handling for the congestion control as in congestion control, the back-off control is not applied to a given 5GSM procedure but only to the DNN and/or S-NSSAI combination, i.e. both the PDU SESSION ESTABLISHMENT REQUEST message and the PDU SESSION MODIFICATION REQUEST message cannot be sent by the UE even the back-off timer (e.g. T3396) was only started during the PDU session modification procedure.
Proposal 3.1: For the PDU session modification procedure, the UE associates the back-off timer with the DNN and/or S-NSSAI of the PDU session for which the PDU session modification is requested.

Following Proposal 1.1, 1.3 and 3.1, for a given PDU session modification procedure, the back-off control can be associated with one of three combinations: [PLMN, DNN], [PLMN, S-NSSAI] and [PLMN, DNN, S-NSSAI]. There is no case for [PLMN, no DNN, no S-NSSAI] combination for the PDU session modification procedure.
Proposal 3.2: Three combinations [PLMN, DNN], [PLMN, S-NSSAI] and [PLMN, DNN, S-NSSAI] need to be covered to back-off the PDU session modification procedure.

In this case, the UE has no information to associate the back-off timer with which combination but the network has the full information as per network configuration or operator policies for SINE_5G: to back-off which combination for the PDU session modification procedure.
Proposal 3.3: A back-off indicator needs to be provided by the network to indicate the UE to associate the back-off timer with one of three combinations for the PDU session modification procedure.

For inter-RAT retry restriction, it is straightfoward to know the corresponding ESM procedure is the EPS bearer resource modification procedure. However, in EPS, the SINE is also applied to the EPS bearer resource allocation procedure. As per coordination between 5GSM and ESM defined in TS 24.501 subclause 6.1.4, the mapping will be done between the PDN connection (identified by the default EPS bearer ID) and the PDU session as well as between EPS bearer context and QoS flow(s). In N1 mode, the PDU session modification procedure was also used to create a new QoS flow and its contexts and hence, for the EPS bearer resource allocation procedure in S1 mode, it is reasonable to state that its corresponding 5GSM procedure for inter-RAT retry restriction in N1 mode is also the PDU session modification procedure.
Proposal 3.4: The inter-RAT retry restriction for PDU session modification procedure has two corresponding ESM procedures:  EPS bearer resource allocation procedure and EPS bearer resource modification procedure.
3. Conclusion
This paper provided technical analysis on implementating an equivalent SINE functionalities as done in EPS to improve the network efficiency in 5GS.
Based on the discussion, following common proposals were provided for SINE_5G:
Proposal 1.1: SINE_5G is applied to a given 5GSM procedure, i.e. either the PDU session establishment procedure or the PDU session modification procedure.
Proposal 1.2: The emergency service and the high priority access are exempted from SINE_5G.
Proposal 1.3: The DNN or S-NSSAI or their combination should be taken into account for SINE_5G.

Proposal 1.4: The S-NSSAI does not impact the inter-RAT retry restriction between the N1 mode and S1 mode, and a consistent inter-RAT retry restriction is performed based on the re-attempt indicator provided by the network, or the local configured NAS MO or USIM file.
Proposal 1.5: The existing SM Retry Timer value configured in the NAS MO or USIM file can be re-used as the back-off timer value for SINE_5G.
Proposal 1.6: A new NAS MO or new value in the USIM file needs to be defined for inter-RAT retry restriction between S1 mode and N1 mode.
Following proposals were provided for the PDU session establishment procedure for SINE_5G:

Proposal 2.1: Four combinations [PLMN, DNN], [PLMN, S-NSSAI], [PLMN, DNN, S-NSSAI] and [PLMN, no DNN, no S-NSSAI] need to be covered to back-off the PDU session establishment procedure.

Proposal 2.2: No network indication to indicate the UE to associate the back-off timer with one of four combinations for the PDU session establishment procedure.

Proposal 2.3: 
(1) The equivlent back-off and retry restrcition are provided for 5GSM cause value #8, #27, #32, #33 and #70;

(2) The equivlent inter-EPLMN retry restrcition is provided for 5GSM cause value #50 and #51; and

(3) The back-off is exempted for 5GSM cause value #28, #46, #50, #51, #54 and #68. 
Proposal 2.4: Whether the similar cause value #66 is applied for SINE_5G is deferred until it was introduced in 5GS first.
Proposal 2.5: In roaming cases, the mapped S-NSSAI(s) of the HPLMN is not taken into account for the back-off control associated with a specific S-NSSAI in a VPLMN.
Following proposals were provided for the PDU session modification procedure for SINE_5G:

Proposal 3.1: For the PDU session modification procedure, the UE associates the back-off timer with the DNN and/or S-NSSAI of the PDU session for which the PDU session modification is requested.

Proposal 3.2: Three combinations [PLMN, DNN], [PLMN, S-NSSAI] and [PLMN, DNN, S-NSSAI] need to be covered to back-off the PDU session modification procedure.

Proposal 3.3: A back-off indicator needs to be provided by the network to indicate the UE to associate the back-off timer with one of three combinations for the PDU session modification procedure.
Proposal 3.4: The inter-RAT retry restriction for PDU session modification procedure has two corresponding ESM procedures:  EPS bearer resource allocation procedure and EPS bearer resource modification procedure.
All above proposals are captured in CR C1-190039 to TS 24.501. Proposal 1.5 and 1.6 are also captured in CR C1-190041 to TS 24.368. Proposal 1.6 and 3.4 are also captured in CR C1-190040 to TS 24.301.
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