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1. Problem statement
Some issues of S-NSSAI(s) for PDU session are clarified in S2-1907949:

	Table 5.6.1-1: Attributes of a PDU Session

PDU Session attribute

May be modified later during the lifetime of the PDU Session

Notes

S-NSSAI of the HPLMN
No

(Note 1) (Note 2)

S-NSSAI of the Serving PLMN

Yes

(Note 1) (Note 2) (Note 4)

DNN (Data Network Name)

No

(Note 1) (Note 2)

PDU Session Type

No

(Note 1)

SSC mode

No

(Note 2)

The semantics of Service and Session Continuity mode is defined in clause 5.6.9.2

PDU Session Id

No

User Plane Security Enforcement information

No

(Note 3)

Multi-access PDU Connectivity Service
No
Indicates if the PDU Session provides multi-access PDU Connectivity Service or not.
NOTE 1:
If it is not provided by the UE, the network determines the parameter based on default information received in user subscription. Subscription to different DNN(s) and S-NSSAI(s) may correspond to different default SSC modes and different default PDU Session Types

NOTE 2:
S-NSSAI(s) and DNN are used by AMF to select the SMF(s) to handle a new session. Refer to clause 6.3.2.

NOTE 3:
User Plane Security Enforcement information is defined in clause 5.10.3.
NOTE 4: 
The S-NSSAI value of the Serving PLMN associated to a PDU Session can change whenever the UE moves to a different PLMN, while keeping that PDU Session.



Observation 1: The S-NSSAI of the Serving PLMN associated with a PDU session may change during the PDU session lifetime (e.g., upon PLMN change). 
Therefore, regarding S-NSSAI based congestion control, it is not appropriate to always associate the S-NSSAI based back-off timer (i.e., T3584 and T3585) with the S-NSSAI (or no S-NSSAI) provided by the UE during the PDU session establishment. For example:

Step 1.The UE provided S-NSSAI value [V1-S-NSSAI, H-S-NSSAI] when establishing a PDU session in VPLMN1.

Step 2. The UE moves to VPLMN2, and the PDU session is associated with the S-NSSA value [V2-S-NSSAI, H-S-NSSAI] provided by VPLMN2.
Step 3. If  the SMF in VPLMN2 is congested when the UE initiates a PDU session modification procedure, the UE receives a PDU session modification reject message with 5GSM#69 and starts the timer T3585 associated with [V1-S-NSSAI, H-S-NSSAI]
Step 4. The UE is allowed to establish a PDU session by using S-NSSAI value [V2-S-NSSAI, H-S-NSSAI]

There’s another statement in S2-1907949 regarding mapped HPLMN S-NSSAI provided in non-roaming scenario:

	NOTE 5:
Generally, in non-roaming scenario the mapping of the Allowed NSSAI to HPLMN S-NSSAIs is not provided to the UE (because the S-NSSAI of the Serving PLMN (c) has the same value of the S-NSSAI of the HPLMN (b)), therefore the UE provides in the PDU Session Request only the S-NSSAI of the Serving PLMN (c). However, if the UE is provided with the mapping of the Allowed NSSAI to HPLMN S-NSSAIs even in non-roaming scenario, then the UE provides in the PDU Session Request both the S-NSSAI of the HPLMN (b) and the S-NSSAI from the Allowed NSSAI (c) that maps to the S-NSSAI of the HPLMN.


Observation 2: It is possible that the UE is provided with mapped HPLMN S-NSSAI in the allowed NSSAI IE when the UE is in HPLMN (i.e., non-roaming scenario), and in this case the UE shall also provided the mapped HPLMN S-NSSAI when establishing a PDU session.
Observation 3: it is not clear whether the HPLMN may provide the mapped HPLMN S-NSSAI to be associated with a PDU session.
When ABO indication was introduced into 5GSM congestion control in Rel-15, we have agreed the requirements, e.g.,:

	TS 24.501 sub-clause 6.2.8

If the timer T3585 is running or is deactivated for all the PLMNs, then 

a)  the UE is neither allowed to initiate the PDU session establishment procedure nor the PDU session modification procedure for the respective S-NSSAI in all the PLMNs unless the UE is a UE configured for high priority access in selected PLMNs or to report a change of 3GPP PS data off UE status; and  

b)  the UE is neither allowed to initiate the PDU session establishment procedure nor the PDU session modification procedure for the mapped S-NSSAI of the respective S-NSSAI in all visited PLMNs unless the UE is a UE configured for high priority access in selected PLMN or to report a change of 3GPP PS data off UE status.


If the T3585 is started when the UE is in a VPLMN for all PLMNs, the T3585 is associated with  (V-S-NSSAI_1 + mapped H-S-NSSAI).  Some potential issues are observed:

Issue#1: When the UE later moves to its home PLMN, it is not defined how to forbid the UE from initiating a PDU session establishment procedure or a PDU session modification procedure to the H-S-NSSAI. 
Issue#2: When the timer is still running, the UE is allowed to initiate a PDU session establishment/modification procedure to the S-NSSAI with value (V-S-NSSAI_2 + mapped H-S-NSSAI) where the SMF in the HPLMN is still congested.

Furthermore, when the cogested SMF is in HPLMN, it makes no sense to associate the back-off timer with the VPLMN S-NSSAI.
Observation 4: when the S-NSSAI-based congestion control back-off timer is applied in all PLMNs, the current mechanism needs correction to cover more inter-PLMN change scenarios and to reduce the complexity.  
Based on those observations above, the following issues should be solved accordingly:

Question 1: What should be the S-NSSAI associated with the S-NSSAI based congestion control back-off timers (i.e., T3584 and T3585)?

2. Proposed solutions
Regarding Question 1, it is proposed that:

· If  the S-NSSAI based congestion control back-off timer (i.e., T3584 and T3585) is provided during the PDU session establishment procedure, then the back-off timer is associated with the S-NSSAI requested by the UE included in the PDU session establishment request message. This is aligned with the current procedures and the DNN based congestion control. 
· If the the S-NSSAI based back-off timer is provided during the PDU session modification/release procedures, the back-off timer is associated with the latest S-NSSAI provided by the network (i.e., the S-NSSAI of  the PDU session). 
Proposal 1: the S-NSSAI based congestion control back-off timer is associated with:

· the S-NSSAI requested by the UE, if the back-off timer is provided during the PDU session establishment procedure;
· the S-NSSAI provided by the network, if the back-off timer is provided during the for PDU session modification/release procedures.
Furthermore, there may be a mapped HPLMN S-NSSAI in addition to the serving PLMN S-NSSAI associated with the PDU session, it is not clear whether both serving PLMN S-NSSAI and mapped HPLMN S-NSSAI should be associated with the back-off timers. Considering the congested SMF may be in the VPLMN or HPLMN, CT1 has defined an ABO indication to indicate the UE whether the congested SMF is in HPLMN or in the registered VPLMN and apply the back-off timer accordingly:
	ABO (All PLMNs Back-off timer) (octet 3, bit 3)

Bit

1


0
The back-off timer is applied in the registered PLMN.

1 The back-off timer is applied in all PLMNs.




If the ABO indicates “The back-off timer is applied in the registered PLMN”, which means the congested SMF is in the registered VPLMN, thus the S-NSSAI based back-off timer is associated with the service PLMN S-NSSAI and optionally the mapped S-NSSAI. 
If the ABO indicates “The back-off timer is applied in all PLMNs”, which means the congested SMF is in the HPLMN, thus the S-NSSAI based back-off timers shall be associated with the (mapped) HPLMN S-NSSAI only since it makes no sense to associate the back-off timer of the serving VPLMN S-NSSAI. The UE shall avoid to initiate PDU session establishment/modification procedure to this (mapped) HPLMN S-NSSAI. 
Proposal 2: the S-NSSAI based congestion control back-off timer is associated with:
· if ABO = “The back-off timer is applied in the registered PLMN”

· the serving PLMN S-NSSAI and optionally the mapped HPLMN S-NSSAI
· if ABO = “The back-off timer is applied in all PLMNs”
· the mapped HPLMN S-NSSAI (in roaming scenario or in non-roaming scenario when mapped HPLMN S-NSSAI is available)
· the HPLMN S-NSSAI (in non-roaming scenario when the serving PLMN S-NSSAI is available but the mapped HPLMN is unavailable)
· no-NSSAI (otherwise, e.g., when the back-off timer is provided during PDU session establishment procedure where no S-NSSAI is provided)
In the existing mechanism, the UE shall be able apply S-NSSAI based congestion control back-off timer according to the roaming scenario and also whether the back-off timer is applied to all PLMNs. Based on this UE capability, the following proposals to apply the back-off timer and to stop the back-off timer are proposed.

Proposal 3: the S-NSSAI based congestion control back-off timer is applied by the following principles:

· if ABO = “The back-off timer is applied in the registered PLMN”

· The UE matches the S-NSSAI associated with and back-off timer to the S-NSSAI of the PDU session or of the PDU session establishment request.
· if ABO = “The back-off timer is applied in all PLMNs”
· In case of a roaming scenario, the UE matches the S-NSSAI associated with and back-off timer to the mapped S-NSSAI of the PDU session or of the PDU session establishment request.
· In case of a non-roaming scenario, the UE matches the S-NSSAI associated with and back-off timer to the mapped or serving PLMN S-NSSAI of the PDU session or of the PDU session establishment request.
Proposal 4: the S-NSSAI based congestion control back-off timer is stopped by the following principles:

When the UE receives a PDU SESSION MODIFICATION COMMAND message or a PDU SESSION RELEASE COMMAND message without the Back-off timer value IE:
· if ABO = “The back-off timer is applied in the registered PLMN”

· The UE checks whether the S-NSSAI associated with and back-off timer match the S-NSSAI of the 5GSM message from the network. If yes, stop the timer. 
· if ABO = “The back-off timer is applied in all PLMNs”
· In case of a roaming scenario, the UE checks whether the S-NSSAI associated with and back-off timer match the mapped S-NSSAI of the 5GSM message from the network. If yes, stop the timer.
· In case of a non-roaming scenario, the UE checks whether the S-NSSAI associated with and back-off timer to the mapped or serving PLMN S-NSSAI of the 5GSM message form the network. If yes, stop the timer.
3. Proposal
It is proposed that 
· CT1 discusses the solution described in section 2 or other potential solutions, and decides a way forward. A CR corresponding to the Proposals 1, 2, 3 and 4 is proposed in C1-196417.
· An LS to SA2 may be needed to clarify whether the HPLMN may provide the mapped HPLMN S-NSSAI to be associated with a PDU session.
