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1. Introduction
This paper presents a crossing scenario leading to an IOT issue.

This is proposed to be brought to 3GPP attention as this is not supposed to be rare, but can potentially happen at any handover, leading to handover failure. Therefore need resolution.

2. Description of the Handover and TAU Crossing Scenario
The example of the S1 handover is described below. In this scenario the target cell belongs to a new TA not contained in the TAI list of the UE.
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Figure 1: Crossing of NAS TAU and HO Notify messages
In this scenario, the UE fails to deliver the first RRC Connection Complete to the target eNB and the UE must send a new RRC Connection Complete. In contrast, the RRC DT (NAS PDU) is successful the first time.
The consequence is that the NAS TAU is received by the MME before the S1 HO Notify.
Please note that since the two messages here-above discussed are sent over different SRBs (SRB1 and SRB2) there is no end-to-end requirement of in-sequence delivery currently specified in 3GPP specifications for the different Access Stratum hops (radio, S1) - like the one introduced two years ago in TS36.300 for the in-sequence delivery of NAS messages. Therefore this crossing scenario could also potentially happen for any prioritization process reason (implementation dependent) in the eNB.
3. Possible Solutions
Solution 1
To avoid the above-mentioned problem, a requirement can be put on the target eNB prepared for an S1 handover to not deliver any uplink S1 message over S1-MME before the S1AP HO Notify i.e. S1 HO Notify is always sent first. 

This behaviour is symmetrical to what MME does in downlink: during S1 handover, an MME is supposed to block any downlink NAS messages to be delivered to the UE and hold it back until completion of the handover.

The drawback of this solution is that it sets a requirement on the target eNB but this is mitigated by the fact that this requirement would actually align the handling by the target eNB of the S1 handover with the current handling of the X2 handover:
Indeed, looking at the MME UE S1AP ID mandatory in the UNT (Uplink NAS Transport) message – see just below, it is clear that during X2 handover the target eNB must anyway always wait for the successful completion of the S1 Path Switch Request procedure before sending any other uplink control plane message over the S1 interface. 

9.1.7.3
UPLINK NAS TRANSPORT

This message is sent by the eNB and is used for carrying NAS information over the S1 interface.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	NAS-PDU
	M
	
	9.2.3.5
	
	YES
	reject

	E-UTRAN CGI
	M
	
	9.2.1.38
	
	YES
	ignore

	TAI
	M
	
	9.2.3.16
	
	YES
	ignore


The advantage of this solution is that the MME will always receive the handover completion (S1 HO Notify) before the NAS TAU in a similar way as today it always receives the X2 HO completion (Path Switch Request) before the NAS TAU.
If agreement is reached in this direction, since MME needs to rely on this target eNB behaviour with eNB from any vendor, it is then necessary that this is captured in the TS36.300 specification, as an interaction between two procedures. See tdoc R3-112697 for a proposal text.

Solution 2
MME is ready to handle the messages in any order they arrive. If the TAU is received during the S1 handover ongoing, MME should hold it back waiting for the successful completion of the S1 handover and then treat it.
However this solution has two drawbacks:

· it needs MME to implement several different handling during an S1 handover depending on the possible order of arrival of messages,

· it makes MME have a different handling between S1 and X2 handovers since for X2 handover the TAU is always received after the PATH WITCH REQUEST message.

On the other side the advantage of this solution is that it avoids putting any requirement on target eNB for S1 handover.

4. Conclusion
The issue related to race conditions between S1 HO Notify and TAU has been presented in this paper which involved three nodes potentially from different vendors: UE, eNB, MME. 
This issue extends to any type of handover. For X2 handover, it is currently solved by target eNB holding back transmission of any NAS PDU uplink before completion of the X2 handover. 
For S1 handover, it is proposed to discuss the two solutions presented in this paper. If solution 1 is selected, it is necessary to add a statement for S1 handover in the TS36.300 to ensure that the crossing scenario described in section 2 won’t happen in a multi-vendor IOT deployment. The CR is proposed in tdoc R3-112697.
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