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1 Introduction

At the RAN3#74 and SA2#88e meetings, it has been agreed in [1] and [2] that in case of broken S1 SCTP:

	CN locally performs S1 release procedure and changes the UEs which used this signaling connection to ECM-IDLE state.

RAN also locally performs S1 release procedure and releases the RRC connection with those UE.


However, in the context of lost signaling connection with single MME or all CN, the reachability management for UE in ECM-IDLE state is not clear. Hereby, in this contribution, we will discuss this issue and provide our opinions.
2 Discussion
The agreement on acting rules to broken S1 is specified in [2] as follows:

· When the S1-AP signalling connection is lost, e.g. due to loss of the signalling transport or because of an eNodeB or MME failure, the S1 release procedure is performed locally by the eNodeB and by the MME.
Additionally, it is agreed in [2] that the S1 release procedure is revised to accommodate the case of broken S1. In other words, the MME shall initiate Dedicated Bearer Deactivation procedure while keeping the default bearer of the UE unaffected. On the other hand, It is defined in [3] that:

· The location of a UE in ECM-IDLE state is known by the network on a Tracking Area List granularity. A UE in ECM-IDLE state is paged in all cells of the Tracking Areas in which it is currently registered.
Note that normally, when there is downlink data arriving at S-GW for UE, the Network Triggered Service Request procedure is triggered and then the UE is paged to return to ECM-CONNECTED state. However, following the above mentioned acting rules, even in the case of broken S1, the S-GW can still initiate the Network Triggered Service Request procedure towards the affected UE, due to the unreleased default bearer for that UE. Obviously, the affected UE is not reachable at all. Moreover, after the broken S1 event occurs, the victim UE will still select the failed MME when initiating any NAS procedure, e.g. Service Request or TAU, since it has not been indicated about the root cause of the RRC release procedure.
Observation 1: As per current specification, the victim UE would lose its reachability to CN for a certain period after it has been forced to enter ECM_IDLE state.

Based the above observation, it is obvious that the end user experience of the victim UE may become worse if the reachability to the victim UE can not be recovered ASAP. Therefore, we propose that it should be studied how to recover the reachability of the victim UE. 
Proposal 1: How to recover the reachability to the victim UE should be studied.

Recall that there exists a similar situation, namely the MME overload control [3]. In case that MME is overloaded, it will notify the overloading situation to RAN, while RAN will release the RRC connection with the affected UE with cause value set to "load balancing TAU required". Accordingly, the released UE initiates Tracking Area Update (TAU) procedure but provides neither the S-TMSI nor the GUMMEI to eNB in the RRC setup request. As a result, the eNB will select a new MME for the UE.
Inspired by such overload control mechanism, we think that it is beneficial to define a similar method of triggering TAU procedure for the victim UE. However, reusing the existing “load balancing TAU required” cause value would likely lead to some confusions about the root cause of the issue. Note that SA2 has the same concern as below:
The UE shall enter the ECM-IDLE state when its signalling connection to the MME has been released or broken. This release or failure is explicitly indicated by the eNodeB to the UE or detected by the UE [refer to TS23.401]. 
Hence, we propose that a new cause value corresponding to the broken S1 issue should be defined.

Proposal 2: A new cause value corresponding to the broken S1 issue should be defined for RRC connection release message in order to trigger TAU procedure.

In addition, to notify the UEs which are already in ECM-IDLE state before the S1 breaks, the eNB shall first page them back to ECM-CONNECTED state before releasing these UEs with the new cause value.
Proposal 3: To notify the UEs which are already in ECM-IDLE state before the S1 breaks, the eNB shall first page them back to ECM-CONNECTED state, and after that release these UEs with the new cause value.
Moreover, the event of broken S1 connection does not necessarily mean that the affected eNB will lose its connections to CN due to the S1 Flex function. Therefore, some further considerations are needed for different scenarios:
· Scenario 1: eNB loses its connection to a certain MME, but maintains its connection to the same MME pool;

· Scenario 2: eNB lose its connection to a certain PLMN;

· Scenario 3: eNB loses its connections to CN.
These scenarios are listed in ascending order of criticality.  Based on the proposed solution, we conclude the acting rules in eNB triggered by broken S1 in Table 1.
Table 1: Proposed acting rules in eNB in the event of broken S1.
	
	Scenario 1
	Scenario 2
	Scenario 3

	UE in ECM-CONNECTED state
	release RRC connection and trigger UE to perform TAU to reselect a new MME.
	release RRC connection and trigger UE to reselect a EPLMN to perform TAU.
	release RRC connection and trigger UE to reselect another cell to perform TAU.

	UE in ECM-IDLE state
	page UE to bring it back to ECM-CONNECED state, after that release UE and trigger UE to perform TAU to reselect a new MME.
	page UE to bring it back to ECM-CONNECED state, then release UE and trigger UE to reselect a EPLMN to perform TAU.
	page UE to bring it back to ECM-CONNECED state, after that release UE and trigger UE to reselect another cell to perform TAU.


As shown in Table 1, this solution can help UE recover its reachability to CN no matter what ECM state it enters.
3 Conclusion

In this paper, we analyze the impact from broken S1 SCTP on reachablity management for ECM_IDLE state UE, and conclude that:
Observation 1: As per current specification, the victim UE would lose its reachability to CN for a certain period after it has been forced to enter ECM_IDLE.

Base on the above observation, we propose that: 

Proposal 1: How to recover the reachability to the victim UE should be studied.
Proposal 2: A new cause value corresponding to the broken S1 issue should be defined for RRC connection release message in order to trigger TAU procedure.

Proposal 3: To notify the UEs which are already in ECM-IDLE state before the S1 breaks, the eNB shall first page them back to ECM-CONNECTED state, and after that release these UEs with the new cause value.
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