3GPP TSG CT4 Meeting #50
C4-102051
Xi’an, P.R. China
23rd  – 27th August 2010
Source:
Cisco
Title:
Discussion on Paging UE in ECM-IDLE state 

Agenda item:
6.9
Document for:
INFORMATION / DECISION
1. Introduction
CT4#49 meeting discussed MME node failure problem in C4-101116. CT4#49bis meeting discussed various solutions and asked the source companies to further develop the solution for the various aspects identified by the meeting. 

a) C4-101741 from NEC
b) C4-101767 from Cisco
In both the above solutions, after MME restarts, it pages UE with IMSI. On IMSI based paging, the UE initiates initial attach procedure and hence the UE context is re-established in the core network nodes. However, the MME does not consider the current state of the UE while initiating paging procedure. We studied it further and identified that the UE processes paging request for incoming call, only when the UE is in ECM-IDLE mode. This paper discusses the same and proposes that the solution to MME failure problem should consider the UE’s state while initiating paging request after MME restarts.
2. Processing of Paging Request by UE
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Further, the processing of the paging message is clarified in the following section.


From the above, Paging Request Processing by UE can be summarized as below.
a) The PagingRecord contains the UE identity. Paging request for incoming call should have UE identity (IMSI or S-TMSI). Here, “Paging request for incoming call” means the MME initiated paging to prepare the UE for the reception of downlink data from network. On reception of “Paging request for incoming call” the UE initiates “Service Request” procedure. Please refer to 3GPP TS 23.401 sec. 5.3.4.3 Network Triggered Service Request.
b) The UE processes Paging request message in RRC_IDLE and RRC_CONNECTED state.
c) In RRC_IDLE state, the UE processes PagingRecord within the Paging request message.
d) In RRC_CONNECTED state, the UE do not process the PagingRecord within Paging request message.

In RRC_IDLE state, the UE processes the Paging request message for incoming call. In RRC_CONNECTED state, the UE processes the Paging request for the information other than incoming call. If the UE receives Paging request for incoming call in RRC_CONNECTED state, the UE will ignore it.
When the UE is in RRC_IDLE state, it also implies that the UE is in ECM_IDLE state. Hence the above statement is valid for UE in ECM_IDLE state.
In ECM_IDLE state, the UE processes the Paging request message for incoming call. In ECM_CONNECTED state, the UE processes the Paging request for the information other than incoming call. If the UE receives Paging request for incoming call in ECM_CONNECTED state, the UE will ignore it.
3. ECM_CONNECTED state UE’s behaviour on MME failure
Here, we are considering the UE which is in ECM_CONNECTED state at the time when the MME failure take place. The ECM_CONNECTED state is characterised by the following.

· The NAS connection association established between UE and MME. 
· The ECM_CONNECTED state implies RRC_CONNECTED state. Hence, there is RRC connection association established between UE and eNodeB. 
· The S1AP connection association established between eNodeB and MME for the particular UE.
1. MME fails and losses the complete UE context.

2. The eNodeB detects the MME failure.

· As the MME restarts after failure, it sends S1 Reset message to eNodeB informing the eNodeB regarding the MME failure. Please refer to 3GPP TS 36.413 sec. 8.7.1.2.
3. The eNodeB releases all the allocated resources on S1 and Uu interface related to the affected UE.
4. Since the RRC connection is released by the eNodeB, the UE detects Radio Link Failure as specified in 3GPP TS 36.331 sec. 5.3.11
5. The UE initiates RRC Connection Re-establishment procedure to re-establish the RRC connection by sending RRCConnectionReestablishment request message.


6. Since the eNodeB has released all the resources and context related to the UE, the RRCConnectionReestablishment request message is rejected by the eNodeB.

7. The UE receives RRCConnectionReestablishmentReject message from eNodeB as specified in TS 3GPP 36.331 sec. 5.3.7.8 

8. The UE moves to RRC_IDLE state and informs upper (NAS) layer regarding RRC connection failure with cause “RRC Connection failure”. 

9. On reception of “RRC Connection failure” from RRC layer, the action taken by NAS layer depends upon the following two conditions.

a) UE has signalling or uplink data pending: The NAS layer initiates “Service Request” procedure as specified in 3GPP TS 24.301 sec. 5.6.1
b) UE has no signalling or uplink data pending: The NAS layer initiates “Tracking Area Update” procedure in order to recover NAS signalling connection as specified in 3GPP TS 24.301 sec. 5.5.3.2.2

10. The UE initiates NAS procedure “Service Request” or “Tracking Area Update” in the step no. 9. Since the MME has released the UE context and the NAS connection association, the MME rejects the NAS procedure with the reject cause “Implicitly detached”.
a. The MME rejects “Service Request” procedure with the cause “Implicitly detached” as specified in 3GPP TS 24.301 sec. 5.6.1.5
b. The MME rejects “Tracking Area Update” procedure with the cause “Implicitly detached” as specified in 3GPP TS 24.301 sec. 5.5.3.2.5

11. The NAS procedure initiated by the UE is rejected by the MME in step no. 10. The UE enters EMM_DEREGISTERED state and starts “Initial Attach” procedure.


12. On successful completion of the attach procedure, the UE enters ECM_CONNECTED state.

In Summary:

On MME failure the MME losses the UE context. On the MME failure detection, the eNodeB releases the S1 and Uu related resources associated with the UE. Hence, the ECM_CONNECTED state UE detects the RLC failure. On detection of RLC failure, the UE starts RRC Connection re-establishment in order to recover RRC connection. Since, the eNodeB has released the UE context; the RRC connection re-establishment fails. On RRC connection failure, the NAS is indicated with the cause “RRC Connection failure”. The NAS layer initiates “Service Request” or “Tracking Area Update” procedure. Since, the MME has released the UE context, the NAS procedure initiated by the UE is rejected with the cause “Implicitly detached”. At this point, the UE starts the “Initial Attach” procedure in order to reattach to the network. On successful completion of the initial attach procedure, the UE enters the ECM_CONNECTED state. 
On MME failure, the ECM_CONNECTED state UE automatically performs “Initial Attach” procedure and reattaches to the network. Hence, without any assistance from network, the ECM_CONNECTED state UE comes back to ECM_CONNECTED state after reattaching to the network on MME failure.
4. Conclusion
Based on the above discussion, we propose to conclude the followings.
· The Paging request for incoming call is handled by the UE only in ECM_IDLE state. The Paging request for incoming call is ignored by the UE in ECM_CONNECTED state.

· The ECM_CONNECTED state UE automatically reattaches to the network and comes back to ECM_CONNECTED state on MME failure; without any assistance from network.

· Based on the above, the solution for the MME failure problem should target the UEs in ECM_IDLE only. No solution or assistance from the network is required for the ECM_CONNECTED state UEs on MME failure. Hence, the source companies should revise their contribution taking the necessary measures to target the UEs in ECM_IDLE state only.
3GPP TS 36.331 sec. 5.3.7.8 RRC Connection re-establishment Reject


Upon receiving the RRCConnectionReestablishmentReject message, the UE shall:


perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure';





3GPP TS 36.331 sec. 5.3.7 RRC Connection re-establishment


…


A UE in RRC_CONNECTED, for which security has been activated, may initiate the procedure in order to continue the RRC connection. The connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. In case E-UTRAN accepts the re-establishment, SRB1 operation resumes while the operation of other radio bearers remains suspended. If AS security has not been activated, the UE does not initiate the procedure but instead moves to RRC_IDLE directly.





E-UTRAN applies the procedure as follows:


-	to reconfigure SRB1 and to resume data transfer only for this RB;


-	to re-activate AS security without changing algorithms.





3GPP TS 36.331 sec. 5.3.2 Paging


5.3.2.1	General
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Figure 5.3.2.1-1: Paging


The purpose of this procedure is:


-	to transmit paging information to a UE in RRC_IDLE and/ or;


-	to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change and/ or;


-	to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or;


-	to inform about a CMAS notification.


The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming call.





3GPP TS 36.331 sec. 5.3.2.3 Reception of the Paging message by the UE


Upon receiving the Paging message, the UE shall:


1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:


2>	if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:


3>	forward the ue-Identity and the cn-Domain to the upper layers;


1>	if the systemInfoModification is included:


2> re-acquire the required system information using the system information acquisition procedure as specified in 5.2.2.


1>       if the etws-Indication is included and the UE is ETWS capable:


	      …





3GPP TS 24.301 sec. 5.5.3.2.2 Normal and Periodic tracking area update procedure initiation


	…


when the UE receives an indication of "RRC Connection failure" from the lower layers and has no signalling or user uplink data pending (i.e when the lower layer requests NAS signalling connection recovery);


…





3GPP TS 24.301 Annex A.1 Cause related to UE identification


Cause #10 - Implicitly detached


This EMM cause is sent to the UE either if the network has implicitly detached the UE, e.g. some while after the Mobile reachable timer has expired, or if the EMM context data related to the subscription does not exist in the MME e.g. because of a MME restart.





3GPP TS 24.301 sec. 5.6.1.5 Service Request procedure not accepted by network


#10	(Implicitly detached);


The UE shall delete the list of equivalent PLMNs and shall enter the state EMM-DEREGISTERED.NORMAL-SERVICE. The UE shall delete any mapped EPS security context or partial native EPS security context. The UE shall then perform a new attach procedure.





3GPP TS 24.301 sec. 5.5.3.2.5 Normal and Periodic tracking area update procedure not accepted by network


#10	(Implicitly detached);


The UE shall delete the list of equivalent PLMNs and shall enter the state EMM-DEREGISTERED.NORMAL-SERVICE. The UE shall delete any mapped EPS security context or partial native EPS security context. The UE shall then perform a new attach procedure.
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