3GPP TSG CT WG1 Meeting #82





C1-130238
San Jose del Cabo, Mexico, 28 January - 1 February 2013

Source:
Samsung, Hitachi
Title:
DISCUSSION: Emergency Call when maximum number of EPS bearers not yet known at the UE
Agenda item:
12.5.1
Document for:
DISCUSSION and AGREEMENT
1.  Abstract
This document discusses the issues that can occur when the UE is not aware that the network has reached its maximum amount of EPS bearer contexts or PDP contexts for the UE, and the UE then attempts to make an emergency call. 

2.  Discussion
Currently in TS 24.301, the UE knows when the network has reached its maximum number of bearers for the UE when the network returns the ESM cause code #65 "maximum number of EPS bearers reached" in PDN CONNECTIVITY REJECT and BEARER RESOURCE ALLOCATION REJECT. Similarly in TS 24.008 in ACTIVATE PDP CONTEXT REJECT and ACTIVATE SECONDARY PDP CONTEXT REJECT.  

If the UE knows the network has reached the maximum amount of EPS bearer contexts for the UE, and the user wishes to make an emergency call, the UE de-activates an EPS bearer context in order to request an emergency EPS bearer context. The UE can either deactivate an EPS bearer context locally or via explicit signalling. However, if N is the maximum amount of bearers for the UE at the network, the UE only knows the network's maximum when it requests the (N+1)th bearer. Therefore when the UE makes an emergency call, the default behaviour for the network would be to reject the PDN connectivity request with cause #65. The UE in EMM-CONNECTED mode then explicitly requests the network to deactivate a PDN connection before repeating the PDN connectivity request (see below). Note: There are other ways of deactivating an EPS bearer context as specified in TS 24.301 subclause 6.5.1.4A.
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Thus 9 NAS messages have been exchanged before the emergency PDN connection is established. 

Compare this to the following cases:

1) Maximum bearers not reached yet in the network and UE makes an emergency call. 
In this case, the emergency PDN connection is established due to the running of steps 2, 8, 9 and 10.  Total = 4 NAS messages 
2) UE in CONNECTED mode knows that network has reached maximum amount of bearers for the UE 

In this case (for example), the emergency PDN connection is established due to the running of steps 5-10.  Total = 6 NAS messages

3) UE in IDLE mode knows that network has reached maximum amount of bearers for the UE 

In this case, the emergency PDN connection is established after locally releasing an EPS bearer context and performing a TAU to synchronise the EPS bearer contexts. Total = 5 NAS messages
The emergency call establishment seems to be disadvantaged when the UE does not know that the network has reached the maximum, compared to the case when the UE does know the maximum. In comparison, when the UE does know the maximum , it is able to track any EPS bearer deactivations and activations and thus the UE can be aware of the next time the network reaches the maximum for the UE in advance of the UE requesting the emergency PDN connection (if the counters are not cleared). 
3.  Possible Solutions

A solution is required (either at the UE or network) to prevent the rejection of the PDN connectivity request. Ideally the UE should have the knowledge of the maximum amount of EPS bearers allowed in the network for the UE prior to UE requesting the (N+1)th bearer. Alternatively, solutions could be investigated at the network side that do not require the UE to have the knowledge of the maximum amount of EPS bearers prior to requesting the (N+1)th bearer.
3.1 Solutions requiring UE knowledge

Solution 1: EMM solution. Explicitly indicate the maximum amount of EPS bearers in Attach Accept and TAU Accept. UE is able to track the maximum amount of bearers by counting the bearers that have been established.
Solution 2: ESM solution. When activating the Nth bearer, let the network indicate to the UE that this is the last bearer that has been allowed to be activated by the network i.e. network has reached the maximum. Either:

a. The network could indicate this to the UE in-dialog in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST and ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST message; or 
b. The network could indicate out-of-dialog using a new ESM cause code within an ESM NOTIFICATION message
Solution 3: ESM solution. Each timer the network sends ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST and ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST, the Network informs the UE, the number of available bearer slots that are still left.
3.2 Solutions requiring no UE knowledge 

Solution 4: Allow the network to arbitrarily explicitly deactivate an EPS bearer context by sending DEACTIVATE EPS BEARER CONTEXT REQUEST to the UE before sending the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST in order to establish the emergency PDN connection.
Solution 5: Allow the network to locally deactivate an EPS bearer context before sending the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST in order to establish the emergency PDN connection. Either:

a. Inform the UE in-dialog in the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST that the UE needs to send a TAU after the emergency call ends. The MME will include the EPS bearer context status in the TAU Accept; or 
b. Use an out-of-dialog mechanism like ESM STATUS message with a new cause code indicating that the bearer was locally deactivated by the network. The ESM STATUS already allows the inclusion of an EPS bearer id. The UE on receiving the ESM STATUS with new cause code "#XX EPS Bearer locally deactivated by network" would then locally deactivate the EPS bearer; or

c. Just rely on the next time the UE sends Tracking Area Update for the MME to resynchronise the EPS bearers. 
4.  Comparison of solutions 

	Solution
	Description
	Advantages
	Disadvantages

	Solution 1aes solutions network" would then locally deactivate the EPS bearer. resynchronise the EPS bearer contexts after the e
	Indicate maximum allowed EPS bearers in Attach and TAU Accept
	1) UE knows to deactivate an EPS bearer before requesting (N+1)th bearer.
2) No need for the UE to calculate the maximum bearers (which is currently done when cause #65 is returned).
	1) Modification of protocol
2) Inclusion of ESM information within EMM message.



	Solution 2a
	Indicate to the UE in Activate Default and Dedicated EPS Bearer Context Request messages that this bearer is the last bearer allowed by the network.
	1) UE knows to deactivate an EPS bearer before requesting (N+1)th bearer.
2) UE can calculate the maximum prior to the receipt of cause #65.
	1) Modification of protocol
2) Possible race conditions (as already documented) may mean that the UE may not be always be able to correctly calculate the maximum.

	Solution 2b
	After activating the last EPS bearer context, indicate to the UE in an ESM Notification message that the network has now reached the maximum using a new cause code.
	Same as above
	Same as above

	Solution 3
	Each time the network sends Activate Default and Dedicated EPS Bearer Context messages indicate the number of available bearer slots left.
	1) UE always aware of the number of EPS bearer slots that are still available in the network for this UE, even during race conditions.
	1) Modification of protocol

	Solution 4
	Network arbitrarily deactivates an EPS bearer context and sends explicit deactivation to UE 
	1) No modification of protocol required.

	1) Procedure requires new behaviour in the network during the establishment of the emergency call rather than at the UE before the establishment of the emergency call.
2) Delay in emergency call set-up if the network needs to pause the PDN connectivity procedure and first complete the deactivate bearer procedure. However, the network implementation could just locally deactivate the bearer and defer the sending of the deactivation request after the establishment of the emergency PDN connection.

	Solution 5a
	Network arbitrarily deactivates an EPS bearer context locally and informs the UE that sync of the bearers is required when sending the Activate Default EPS Bearer Context. UE will send a TAU after the emergency call ends.
	1) No need for the network to pause the emergency procedure.
	1) Modification of protocol
2) Paradigm change of local deactivation when the UE is CONNECTED
3) Procedure requires new behaviour in the network during the establishment of the emergency call rather than at the UE before the establishment of the emergency call.


	Solution 5b
	Network arbitrarily deactivates an EPS bearer context locally and informs the UE of this fact using ESM STATUS with a new cause code including the EPS bearer id. UE then deactivates the EPS bearer locally.
	1) No need for the network to pause the emergency procedure.
	Same as for 5a.


	Solution 5c
	Network arbitrarily deactivates an EPS bearer context locally and relies on the next time the TAU is sent to synchronise the EPS bearers.
	1) No modification of protocol required.
	1) UE not aware that TAU needs to be sent to synchronise the bearers
2) Paradigm change of local deactivation when the UE is CONNECTED.
3) Procedure requires new behaviour in the network during the establishment of the emergency call rather than at the UE before the establishment of the emergency call.


4.  Way Forward
1. CT1 to agree we need to solve this issue.

2. CT1 to discuss the solutions above and agree on which solution best would solve the problem. Would it be best to solve this using UE knowledge or solve this problem on the network side?
In our opinion, we believe that a UE based solution such as solution 1 would allow the UE to calculate the maximum prior to sending the (N+1)th request, which would then allow the UE to take the necessary action when needing to request an emergency bearer, rather than a network based solution where the action of the network is taken during the establishment of the emergency bearer. The ESM based solution as described in solution 2 or solution 3 would also meet this requirement.
However, if the desire of the group is to keep the existing functionality to calculate the maximum number of EPS bearers only when receiving cause #65, then a network-based solution could be considered to solve this specific issue (i.e. solution 4 and/or solution 5).

The co-source companies would be happy to bring CRs to CT1#82-bis on this topic.

