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1. Introduction

In the discussion paper C1-092434 presented in CT1 meeting #59, various cases where EPS bearer context misalignment between the UE and the network were shown. These problems appear when the network intitiates a dedicated EPS bearer context activation procedure, an EPS bearer modifcation procedure or a default EPS bearer activation procedure as a response to a UE initiated ESM procedure. The network uses the corresponding PTI assigned by the UE in its request message. If the UE sends an accept message but the lower layers are unable to deliver the message before T3485 (or T3486) expire in the MME, the MME retransmits the request. In the current specification, after accepting the network ESM request the UE enters the state PROCEDURE TRANSACTION INACTIVE immediately, therefore when receiving the retransmission, the UE does not recognize the PTI in the message and sends an ESM reject message with cause value #47 “PTI mismatch” (Sec. 7.3.1), creating an EPS bearer context misalignment between the UE and the network (please refer to C1-092434 for more details).
This document discusses in more detail three possible solutions to this problem.
2. Possible Solutions
2.1 Timer based solution
The proposed solution consists of adding a timer in the UE after accepting the ESM request received from the network with a PTI matching an active procedure transaction:

· When sending the accept message, the Ue requested ESM procedure is completed (the UE releases the traffic flow aggregate description if applicable).  The UE starts a timer (Txxxx) and remains in state PROCEDURE TRANSACTION PENDING. 
NOTE: The UE’s procedure transaction state machine transition is not indicative of procedure completion in this proposal.
· Upon expiry of this timer, the UE moves to PROCEDURE TRANSACTION INACTIVE. 

· In case a network ESM request with matching PTI is received by the UE after the procedure is completed but before Txxxx is running, the UE regards it as a retransmission and sends the corresponding accept message without further action. The UE may additionally check that the EBI in the message is the same as the EBI received in the first request to ensure this is a retransmission. If the PTI matches but the EBI does not match, the UE may still reject the request. 

Since T3485 and T3486 expire every 8 seconds and there could be a total of 4 retransmissions, the timer at the UE side should be at least 32 seconds.

Figure 1 shows an example of the use of the timer Txxxx, in the case of a UE initiated bearer resource allocation procedure, followed by a network initiated dedicated EPS bearer resource activation procedure. 
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Figure 1. Example of UE initiated EPS procedure transaction with new timer Txxxx 

The advantages of this solution are:

· There is no impact in interface between UE and network: since the expiration of the new timer does not trigger new procedures or retransmissions, the addition of this timer in the UE is not perceived at all by the network, except in the cases presented in C1-092324. Therefore, while solving the problem, this solution does not create new behavior of the UE visible by the network outside the problem being solved.
· This is a problem that has a clear time window for occurance: the time that takes the network to make all four retransmissions (32 seconds with current timer values of T3485 and T3486). Therefore, it is best solved with a timer based solution.
The disadvantages are: 

· A new timer is added, the impact on implementation in the UE is more important than other solutions.    

2.2 Queue Based Solution
· The UE stores the last NPTI [value to be determined] PTIs used in succesful procedure transactions. This can be done with a First-In-First-Out queue. 
NOTE: procedure transactions deactivated by abnormal cases are not considered succesful. 
· The UE shall not use the PTIs in this list in new procedure transactions. 
· If the UE receives an ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST, MODIFY EPS BEARER CONTEXT REQUEST or ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST with a valid PTI value which is not currently in use but is present in the list of NPTI recently used PTIs, the UE assumes a retransmission and sends the corresponding accept message.

· Alternatively, in a succesful UE initiated ESM procedure, the UE may store the [PTI, EBI] pair of the procedure transaction identity assigned by the UE and the EBI in the ESM response request received by the network. If the UE receives an ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST, MODIFY EPS BEARER CONTEXT REQUEST or ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST with a valid PTI value which is not currently in use but belongs to the list of NPTI recently used PTIs, the UE may check if the received EBI also matches the stored EBI before assuming a retransmission. 
Advantages of this solution:

· No need for timer, less impact in UE implementation.

· There is almost no impact in interface between UE and network.

Disadvantages of this solution:

· This second solution may have the problem that not being time sensitive, with an NPTI too small, a certain PTI value could be stored for a period shorter than 32 seconds, and therefore this solution may not solve the problem completely. 
· Also, a certain PTI could be stored for a long period of time, which makes it less robust to abnormal situations.

· However, with a reasonably sized queue, these cases should be very rare.

2.3 Network based solution

One proposed solution for the network side was that when the network retransmits an ESM request message with an assigned PTI as a response to an UE initiated ESM procedure, and it receives a reject message from the UE with ESM cause value #47 “PTI Mismatch”, the network regards this as an accept message, assuming the reject message was caused by the case presented in C1-092324. This is certainly not a good solution since it creates another possible misaligment: suppose the network does send an ESM request (for example an ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST) with an assigned PTI that has no meaning to the UE, timer T3485 expires (for some reason the message could not be delivered), then retransmits the ESM request. The UE will (correctly) not recognize the PTI and (correctly again) send a reject message with cause value #47 “PTI mismatch”.    However, with this proposed solution, the network will still regard it as an accept message, therefore creating an EPS bearer context misalignment between the UE and the network.
3. Conclusion

We have presented three solutions to the EPS bearer context misalignment scenario presented in C1-092434: 
1. Add UE capability to detect retransmissions:

1. Based on the addition of a new timer in the UE to manage the UE procedure transaction state machine. 
2. Based on the addition of a queue to save the last PTIs.

       2. 
Add network capability to detect whether a UE reject message with cause value #47 “PTI Mismatch” is due to a network retransmission, and regard it as an accept message.
 

We would like to propose CT1 to choose and agree on either of the solutions that add the UE capability to detect retransmissions:

· Timer based solution: C1-093539
· Queue based solution: C1-093540
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