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1. Introduction
SA2 updated the requirement for NAS level congestion control.

This paper intends to clarify the requirement on DNN based congestion control and S-NSSAI based congestion control and identify the impact. 

2. Impact analysis

First, we would like to identify the congestion control scenarios based on SA2 requirement.

For that purpose, this paper uses following phase definition for congestion control in NW side.  

Table 1 Congestion control
	
	Phase 
	Description
	Requirement

	1)
	Detect
	NW detects the NW reached overload situation per DNN or S-NSSAI.
	In what granularity (e.g., DNN, S-NSSAI, etc) the NW detects that it reached overload situation is out of 3GPP scope. 
Indicating the monitoring event from O&M to relevant NFs is probably in the scope of 3GPP. 
Also, some guideline of detection criteria e.g., manually configured to NF, group based, and so on. 

	2)
	Apply
	NW determines which congestion control mechanism to apply.
	As long as NW can determine for which the NAS signallings are, it is based on network operator choice which congestion control to apply.

	3)
	Control
	NW indicates which congestion control it wants to apply to the UE.  
	Based on 3GPP specification


According to SA2 requirement, there are four types of congestion controls that NW can apply (and indicates to the UE).
Table 2 NW congestion indication patterns
	#
	NW congestion indication patterns
	SA2 requirement reference

	A
	Upon reception of a NAS signalling, NW applies the NAS signalling congestion for DNN.
	TS23.501 subclause 5.19.7.3
	

	B
	Upon reception of a NAS signalling, NW applies the NAS signalling congestion for S-NSSAI.
	TS23.501 subclause 5.19.7.4 
	New 

	C
	Upon reception of a NAS signalling, NW applies the NAS signalling congestion for DNN with a specific S-NSSAI.
	TS23.501 subclause 5.19.7.4
	

	D
	Upon reception of a NAS signalling, NW applies the NAS signalling congestion for S-NSSAI and DNN.
	TS23.501 subclause 5.19.7.4
	New


With above definition, here are the analysis of a particular scenario. 

1) Let's assume that NW detects following overload situation. 

Fig1:Overload situation
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2) NW determines to apply a particular congestion control

Pattern A(DNN only congestion control)

If the NW decides to apply pattern A, the congestion control becomes as follows. 

Fig2: DNN only congestion control for pattern A as in Table 2
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SA2 requirement says, 

The use of the DNN based congestion control is for avoiding and handling of NAS signalling congestion associated with UEs with a particular DNN regardless of S-NSSAI.

In sum, 

Any SM request with DNN B regardless of S-NSSAI is prohibited. In another word, this congestion control does not depend on NW slice information i.e., it does not matter that SM request is with S-NSSAI for NSI#1 or NSI#2. 

Pattern B(S-NSSAI only congestion control)
If the NW decides to apply pattern B, the congestion control becomes as follows. 
Fig3: S-NSSAI only congestion control for pattern B as in Table 2
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SA2 requirement says, 

The use of the S-NSSAI based congestion control is for avoiding and handling of NAS signalling congestion associated with UEs for a particular S-NSSAI.

In sum, 

Any SM request with S-NSSAI for NW slice instace#1 is prohibited. In another word, this congestion control does not depend on DNN information i.e., it does not matter that SM request is for DNN A or DNN B.  

Pattern C (DNN with specific S-NSSAI congestion control)
If the NW decides to apply pattern C, the congestion control becomes as follows. 
Fig4: DNN with specific S-NSSAI congestion control for pattern C as in Table 2
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SA2 requirement says, 

If the back-off timer was associated with an S-NSSAI and a DNN, then the UE shall not initiate any Session Management procedures for that combination of S-NSSAI and DNN
In sum, 

Any SM request with DNN B with specific S-NSSAI for NW slice instace#1 is prohibited. In another word, this congestion control depends on a particular combination of DNN and S-NSSAI information per PDU session. 

Pattern D(S-NSSAI and DNN congestion control)
If the NW decides to apply pattern D the congestion control becomes as follows.

Fig5: DNN and S-NSSAI congestion control for pattern D as in Table 2
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SA2 requirement says, 

(Pattern A)The use of the DNN based congestion control is for avoiding and handling of NAS signalling congestion associated with UEs with a particular DNN regardless of S-NSSAI.
(Pattern B)The use of the S-NSSAI based congestion control is for avoiding and handling of NAS signalling congestion associated with UEs for a particular S-NSSAI. 
In sum, 

If the NW supports both DNN based congestion control feature and S-NSSAI based congestion control feature, given the fact how the network operator applies those congestion control features are based on the local requirement considering the particular overload situation (detected via O&M), any SM request with DNN B or S-NSSAI for NW slice instace#1 is prohibited. In another word, this congestion control depends on a either DNN or S-NSSAI information per PDU session. 

3. Solution ("Control" as in Table 1)
The question is how the NW indicates to the UE about four congestion control operations?
	#
	Alternative
	Identify each congestion control by …
	NOTE

	1
	Cause and value
	allocating the same cause but different value
	new

	2
	Cause
	allocating different cause
	C1-175360 and C1-175361 by Vivo at last meeting


# The "name" of back-off timer can not be the indication.

Alternative 1: Cause and value

Summary: Two SM causes i.e., #26 "Insufficient resources" and #ss "insufficient resources for S-NSSAI and DNN" are used. For pattern A, B and C, the #26 "Insufficient resources" is used. Among pattern A, B, and C, the value e.g., DNN and/or S-NSSAI in the SM reject message identifies the congestion control. And For pattern D, #ss "insufficient resources for S-NSSAI and DNN" is used.
 [NW behaviour]

The SMF may include a Back-off timer value IE and associated DNN and/or S-NSSAI IE in the PDU SESSION ESTABLISHMENT REJECT message when the 5GSM cause value #26"insufficient resources" is included in the PDU SESSION ESTABLISHMENT REJECT message. 

 [UE behaviour]

· Pattern A

If the 5GSM cause value is #26 "insufficient resources", the Back-off timer value IE is included, DNN IE is included, and S-NSSAI IE is not included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:
Rest of text is almost same as we have right now in TS24.501. 
· Pattern B
If the 5GSM cause value is #26 "insufficient resources", the Back-off timer value IE is included, DNN IE is not included, and S-NSSAI IE is included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:
Timer association realization and re-attempt control is "corresponding S-NSSAI" and "for the same S-NSSAI" respectively. 
· Pattern C
If the 5GSM cause value is #26 "insufficient resources", the Back-off timer value IE is included, and both DNN IE and S-NSSAI IE are included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:
Rest of text is almost same as we have right now in TS24.501. 
· Pattern D
If the 5GSM cause value is #ss "insufficient resources for DNN and S-NSSAI", the Back-off timer value IE is included, and both DNN IE and S-NSSAI IE are included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:

Timer association realization and re-attempt control is "corresponding S-NSSAI and DNN" and "for the same S-NSSAI or DNN" respectively. 
 [New information element]

From network to UE, 

· Optionally S-NSSAI IE as defined in subclause 9.8.3.28

· Optionally DNN IE as defined in subclause 9.8.3.12

Note: Not only SMF but also AMF now can reject the UE requested SM request. Message definition in relation to PDU SESSION ESTABLISHMENT REJECT message and DL NAS TRANSPORT message is FFS. 

Alternative 2: Use of Cause
Summary: Four SM causes
[NW behaviour]

The SMF may include a Back-off timer value IE in the PDU SESSION ESTABLISHMENT REJECT message when the 5GSM cause values #26 "insufficient resources", #aa "insufficient resources for S-NSSAI", #ss "insufficient resources for DNN with specific S-NSSAI", #bb "insufficient resources for DNN and S-NSSAI" are included in the PDU SESSION ESTABLISHMENT REJECT message. 

 [UE behaviour]

· For Pattern A

Basically, NO change from existing texts in TS24.501. 
· For Pattern B
If the 5GSM cause value is #aa "insufficient resources for S-NSSAI", the Back-off timer value IE is included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:
Timer association realization and re-attempt control is "corresponding S-NSSAI" and "for the same S-NSSAI" respectively. 
· For Pattern C
If the 5GSM cause value is #ss "insufficient resources for DNN with specific S-NSSAI", the Back-off timer value IE is included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:
Rest of text is the same as we have right now in TS24.501. 
· For Pattern D
If the 5GSM cause value is #bb "insufficient resources for DNN and S-NSSAI", the Back-off timer value IE is included, the UE shall take different actions depending on the timer value received for timer T35ab in the Back-off timer value:

Timer association realization and re-attempt control is "corresponding S-NSSAI and DNN" and "for the same S-NSSAI or DNN" respectively. 
3. Proposal

The change proposal for 

· Alt1 is proposed in C1-180248; and 

· Alt2 is proposed in C1-180249
