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1 Introduction:

This paper aims at analysing the problem existing in congestion control due to supporting dual priority and the need for the method to solve this problem. It proposes one method to slove the problem in order that the congestion control can be performed correctly while supporting dual priority.
2 Discussion
2.1 The problem on congestion control due to supporting dual priority
When SGSN/MME performs APN based congestion control, SGSN/MME may store one back-off time besides rejecting the request from the UE with a back-off timer as specified in 3GPP TS 24.301[1] sub-clause 6.3.5 and 3GPP TS 24.008[2] sub-clause 6.1.3.11, quoted:

 The network may detect and start performing the APN based congestion control when one or more APN congestion criteria as specified in 3GPP TS 23.401 [10] are met. The network may store an APN congestion back-off time on a per UE and congested APN basis. When APN based congestion control is active, the network may reject session management requests from UEs or disconnect existing PDN connections as specified in 3GPP TS 23.401 [10].
The handling of SM back-off time is specified in 3GPP TS 23.401[3] sub-clause 4.3.7.4.2.2 and 3GPP TS23.060 [4] sub-clause 5.3.6.2.2, quoted:
The MME may store a Session Management back-off time per UE and APN when congestion control is active for an APN. The MME may immediately reject any subsequent request from the UE targeting to the APN before the stored Session Management back-off time is expired. If the MME stores the Session Management back-off time per UE and APN and the MME decides to send a Session Management Request message to a UE connected to the congested APN (e.g. due to decreased congestion situation), the MME shall clear the Session Management back-off time prior to sending any Session Management Request message to the UE.
Following the above specified handling, when to see the network performs Session Management congestion control for the UEs configured for dual priority, the following procedure will occur:
a) One UE configured for dual priority may firstly initiate Session Management request with low priority. 
b) When congestion control for low priority is active, SGSN/MME will reject this request with one Session Management back-off timer and store the Session Management back-off time per UE and APN. 

c) The UE starts a Session Management back-off timer for low priority for the APN.

d) Before the Session Management back-off timer is expired, the UE determines to override low priority and initiates the Session Management request with normal priority towards the same APN.

e) When SGSN/MME receives the Session Management request with normal priority from the UE, if the Session Management back-off time per UE and APN on SGSN/MME is not expired, the SGSN/MME immediately rejects the requests from the UE. 
But only congestion control for low priority is active, SGSN/MME should not reject the Session Management request with normal priority from the UE. If the dual priority was supported by the UE and the network is performing the congestion control for the low priority request only, then the request with normal priority should be allowed. Otherwise, the dual priority UE can’t initiate the Session Management request with normal priority successfully, which makes no sense to introduce the dual priority feature at the UE side. Hence, this mis-coordination between the network and the UE will break the dual priority requirement and should be resolved.
Besides Session Management congestion control, the similar handling for Mobility Management congestion control is also specified in 3GPP TS 23.401[3] sub-clause 4.3.7.4.2.3 and 3GPP TS23.060 [4] sub-clause 5.3.6.2.2, quoted:

If MME maintains the UE context, the MME may store the back-off time per UE and reject any subsequent request from the UE before the stored back-off time is expired.
When SGSN/MME performs Mobility Management congestion control for the UE configured for dual priority, the problem in Session Management congestion control will also occur, and the UE can’t initiate the Mobility Management request with normal priority successfully.

Generally, the above problem causes that the UE configured for dual priority can’t override low priority and initiate normal priority successfully. The problem is serious and the corresponding solution should be considered. 
2.2 The solution for the problem
The reason for the problem is obvious: SGSN/MME only stores the MM/SM back-off time, it does not know the back-off timer was stored due to low priority request or normal priority request which was rejected by SGSN/MME; when SGSN/MME receives the request from the UE, it does not check the priority that the UE requests and just rejects the request from the UE if the back-off time is not expired.
So, the main approach to solve the problem is that SGSN/MME could know the stored back-off time was stored due to low priority request or normal priority request and determine whether the subsequent request needs to be rejected according to the priority of the request from the UE and the reason why the back-off time was stored.
One proposed method is that SGSN/MME may store cause value with the back-off time when SGSN/MME performs congestion control for the request from the UE, and this cause value could indicate the back-off time was stored due to low priority request or normal priority request. When SGSN/MME receives the subsequent request from the UE and the back-off time is not expired, it handles the request as the following table:
	Case
	The priority of the request from UE
	Cause value with the back-off time
	The current congestion control policy
	Action on congestion control

	1)
	Low priority
	BO time was stored due to low priority request
	
	Immediately rejects the request

	2)
	Normal priority
	BO time was stored due to low priority request
	Only congestion control for low priority is active
	Accept the request

	3)
	Normal priority
	BO time was stored due to low priority request
	Congestion control for normal priority is active
	Reject the request and store new BO time and cause value

	4)
	Normal priority
	BO time was stored due to normal priority request
	
	Immediately rejects the request


Table 1: Congestion control for dual priority
1) The request is low priority request and the cause value indicates the back-off time was stored due to low priority request, SGSN/MME immediately rejects the request from the UE;

Notes 1:  If SGSN/MME rejects the previous low priority request from the UE with one back-off timer, there is one running back-off timer for low priority on the UE; the UE does not initiate low priority request before the back-off timer is expired, and so case 1) will not occur.
2) The request is normal priority request and the cause value indicates the back-off time was stored due to low priority request, SGSN/MME will accept the request from the UE if only congestion control for low priority is active.
3) The request is normal priority request and the cause value indicates the back-off time was stored due to low priority request, and SGSN/MME will reject the request from the UE if congestion control for normal priority is active, and SGSN/MME will also store new back-off time and cause value. The new cause value indicates the new back-off time was stored due to normal priority request.
4) The request is normal priority request and the cause value indicates the back-off time was stored due to normal priority request, and then SGSN/MME immediately rejects the request from the UE.
Notes 2:    when SGSN/MME stores the back-off time due to normal priority request, it means that the previous request with normal priority from the UE was rejected and there might be one running back-off timer for normal priority on the UE, thus the UE will not send low priority request. So the case “the UE initiates low priority request while SGSN/MME stores the back-off time due to normal priority request” is not listed in Table 1.
Thus SGSN/MME will not reject the normal priority request while SGSN/MME stores a back-off time due to low priority request and the congestion control for low priority is active, and the UE could override low priority and initiate the normal priority request successfully.
This method could be used for MM congestion control and SM congestion control. 

· For MM congestion control, SGSN/MME needs to store the back-off time and cause value per UE.

· For SM congestion control, SGSN/MME needs to store the back-off time and cause value per UE and APN.

Furthermore, it is not needed that SGSN/MME uses the proposed method to perform congestion control for all UEs. Because only the UE configured for low priority and the UE configured for dual priority include the low priority indicator in NAS signaling in order to indicate the requested priority, SGSN/MME could only use the proposed method to perform congestion control for the request from the UE which includes the low priority indicator. For the request from the UE which does not include the low priority indicator, SGSN/MME could use the existing method to perform congestion control.
Finally, the proposed method could solve the problem existing in congestion control while supporting dual priority.
3 Conclusion
If the existing congestion control method is used to perform congestion control for UEs configured for dual priority, the UEs configured for dual priority could not initiate normal priority request successfully. The paper proposes that this serious problem should be solved.
The paper recommends one method to solve the problem. The proposed method includes:
1) When SGSN/MME performs MM/SM congestion control for the requests from the UEs, SGSN/MME may store a back-off time on a per UE basis or on a per UE and APN basis.

2) While SGSN/MME receives the subsequent request from the UE and the back-off time is not expired, SGSN/MME may accept the request from the UE in case that the request is normal priority request and the back-off time was stored due to low priority request, otherwise SGSN/MME will reject the request from the UE immediately.
The related CRs are: C1-123526 for TS 24.301 and C1-123527 for TS 24.008.
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