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1. Introduction
In the latest RAN3 meeting, using a reject message and an appropriate cause value in the message to indicate the non-delivery of NAS message (solution 3) was agreed as the work assumption to handle NAS message during X2 handover. And some issues were left to study further.
This paper shows more details about these issues left on the previous meeting and proposes a forward way for NAS message handling during X2 handover.
2. Discussion
In RAN3 #57 meeting, the following issues were left to be studied further for the NAS message handling during X2 handover:
· Duplication of NAS message
· Handling of NAS message concatenated by other S1-AP procedures

· Handling in handover failure case
· The buffering of NAS message in MME
2.1 Duplication of NAS message
The scenario introducing duplication of NAS message is that UE has received a NAS PDU but sent back the acknowledgement unsuccessfully during X2 handover procedure. 

It is known that the NAS security function locates in MME and UE. For this security function, a SN is necessary. And this SN can be used to avoid the duplication of NAS message.
Assuming that the NAS security function located in PDCP layer which resides below NAS layer, then if MME needs to send a DL NAS PDU, this NAS PDU shall be capsulated into PDCP layer and a PDCP SN shall be added. If this NAS PDU with a PDCP SN is sent to UE more than one time, UE can avoid the duplication by detecting the same PDCP SN. So additional duplication handling for NAS message is not needed in RAN3.
The control-plane protocol stack of E-UTRAN is presented in figure 1.
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Figure 1: Control-plane protocol stack of E-UTRAN
Conclusion1: Additional duplication handling for NAS message is not needed in RAN3, and an LS shall be sent to CT1 and SA2 to notify this conclusion.
2.2 Handling of NAS message concatenated by other S1-AP procedures
Besides the DL direct transfer procedure, three S1-AP procedures can also convey NAS message on S1 interface so far. They are SAE BEARER SETUP procedure, SAE BEARER MODIFICATION procedure, and the INITIAL CONTEXT SETUP procedure. Therefore, these piggybacked NAS messages should also be considered during X2 handover.
1. SAE BEARER SETUP and SAE BEARER MODIFICAITION procedure:

If the SAE BEARER SETUP message is sent to eNB after handover decision, then the eNB can not send RB Setup Request message to UE, but reply a SAE BEARER RESPONSE message immediately to inform MME bearer setup is failure, and accordingly NAS information is not transferred to UE either. Figure 2 illustrates this scenario. 
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Figure 2: S1AP message received after handover decision
If SAE BEARER SETUP REQUEST message is sent to eNB when RLF occurs, then RB setup request message can not send to UE successfully, which means NAS information can not send to UE either, eNB shall reply a SAE BEARER SETUP RESPONSE message to MME to inform MME this failure. Figure 3 illustrates this scenario.
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Figure 3: Radio Link Failure case
NAS information can be piggybacked in these two procedures, and the most likely NAS information piggybacked in these two procedures is the UL TFTs. If the piggybacked information is the UL TFTs, then this UL TFTs information may be discarded and if the SAE BEARER SETUP REQUEST message is sent out again, the UL TFTs may be included again. If the NAS message is not the UL TFTs, MME can re-sends this NAS message after handover complete in any way.
2. INITIAL CONTEXT SETUP procedure:
The NAS information piggybacked in this procedure possibly are ATTACH ACCEPT, TAU ACCEPT [5]. It is still FFS whether the mobility should be supported in LTE during session initiation. 
If handover occurs before INITIAL CONTEXT SETUP message is received by eNB, which means there is no UE context in source eNB, then it is difficult for source eNB to contrast HANDOVER REQUEST message to target eNB and it is also different for target eNB to allocate resource to the UE. So we suggest handover before INITIAL CONTEXT SETUP message is received by eNB shall not be supported.
If handover occurs after INITIAL CONTEXT SETUP RESPONSE message is sent by eNB, there is no impact on NAS delivery which is piggybacked in the INITIAL CONTEXT SETUP message.
If handover or RLF occurs after INITIAL CONTEXT SETUP message is received and before INITIAL CONTEXT SETUP RESPONSE message is sent by eNB, eNB shall send an INITIAL CONTEXT SETUP FAILURE message to inform MME the processing result.
Conclusion2: The NAS message concatenated by other S1-AP procedures could be coped with the relevant S1-AP procedures themselves.
2.3 Handling in handover failure case
Handover failure case when the UE comes back to source eNB during X2 handover should be specified. Two possible solutions to cope with this issue are mentioned here.

1. Using a guard timer in MME: 
When MME receives a reject message which indicates the failure of NAS message delivery, a guard timer is started. This guard timer will be stopped when a HANDOVER COMPLETE message is received, and then MME will retransmit the non-delivery NAS message to target eNB. In handover failure case, there is no HANDOVER COMPLETE message to stop the guard timer, then expiration of the guard timer will trigger MME to retransmit the non-delivery NAS message to source eNB.
Pros: Easy to implement.

Cons: Difficult to set an appropriate interval of the guard timer. Low efficiency if the timer interval is overlong.
2. Using a notification message in S1-AP: 
When the UE comes back to source eNB since handover failure and the source eNB has rejected a NAS message transmitting for the UE, source eNB will send a notification message to trigger MME retransmit the rejected NAS message to source eNB.
Pros: More efficiency than the guard timer solution.  The guard timer is not needed.

Cons: New message should be introduced to S1-AP.

Conclusion3: it is proposed to introduce a notification message into S1-AP to trigger MME retransmits the NAS message in handover failure case.
2.4 The buffering of NAS message in MME
In the 57# meeting, it is agreed that the non-delivery NAS message is buffered in MME. But how to buffer? If MME buffer a copy of the NAS message when a NAS message is sent to eNB, then if this NAS message is sent to UE successfully, MME don’t know when the buffered NAS message shall be deleted. In addition, since NAS delivering unsuccessfully may occur occasionally, buffering all NAS message may waste a little storage resource. So a better solution is that: (1) when MME sends a NAS message, it does not buffer the NAS message; (2) if NAS message sent to UE unsuccessfully, the NAS message can conveyed back in reject message; (3) And then MME can buffer this NAS message until resend this NAS message to eNB.
Conclusion4: the non-delivery NAS message shall be conveyed in the reject message back to MME.
3. Conclusion and Proposal
It is proposed RAN3 to agree the conclusions made in section 2. 

It is also proposed to capture the text proposal for NAS message handling during X2 handover in the relevant CR R3-071945 to 36.300.
 It is also proposed to capture the text proposal in the section 4 into 36.413.
4. Text proposal for TS36.413
********** Text proposal 1 start**************************
8.6.2.2
DOWNLINK NAS TRANSPORT
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Figure 8.6.2.2-1: DOWNLINK NAS Transport Procedure

If a NAS message shall be sent from the MME to the UE and a UE-associated logical S1-connection exists for the UE or if the MME have received the eNB S1-AP UE Identity IE in an INITIAL UE MESSAGE message, the MME shall send a DOWNLINK NAS TRANSPORT message to the eNB including the NAS message as a NAS-PDU IE. If the UE-associated logical S1-connection is not established the MME shall allocate a unique MME S1-AP UE Identity to be used for the UE and include that in the DOWNLINK NAS TRANSPORT message. By the reception of MME S1-AP UE Identity IE in eNB the UE-associated logical S1-connection is established.

The NAS PDU IE contains an MME – UE message that is transferred without interpretation in the eNB.

8.6.2.3
UPLINK NAS TRANSPORT
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Figure 8.6.2.3-1: UPLINK NAS TRANSPORT Procedure

When the eNB has received from the radio interface a NAS message to be forwarded to the MME to which an UE-associated logical S1-connection for the UE exists, the eNB shall send the UPLINK NAS TRANSPORT message to the MME including the NAS message as a NAS-PDU IE.

The NAS PDU IE contains an UE - MME message that is transferred without interpretation in the eNB.
8.6.3
Unsuccessful Operation
8.6.3.X  DOWNLINK NAS TRANSPORT FAILURE
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Figure 8.6.3.1-1: DOWNLINK NAS TRANSPORT FAILURE Procedure

If the NAS message is failed to be delivery to UE (i.e. due to X2 handover reason), the eNB shall send the DOWNLINK NAS TRANSPORT FAILURE message to MME with an appropriate cause value. 

The non-delivery NAS message shall be contained in the DOWNLINK NAS TRANSPORT message.
8.6.4
Abnormal Conditions

Editor’s Note: Further Assessment required.
********** Text proposal 1 end***************************
********** Text proposal 2 start**************************

8.4.4
Path Switch Request

8.4.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.

8.4.4.2
Successful Operation
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Figure 8.4.X.2: Path switch request: successful operation

The eNodeB initiates the procedure by sending the PATH SWITCH REQUEST message to the MME. 

After all necessary updates including the UP path switch have been successfully completed in the EPC, the MME shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the eNodeB and the procedure ends. 

Editor’s Note: The procedure text above (and for the failure cases) needs to cover the case where no, all, or some bearers are successfully switched, i.e. when to use the ACK and when to use the FAILURE response messages.

Editor’s Note: It is FFS if EPC should have possibilities to change UL TEID with this procedure.

8.4.4.3
Unsuccessful Operation


[image: image8.emf] 

PATH SWITCH REQUEST  

MME  

PATH SWITCH REQUEST  FAILURE  

eNodeB  


Figure 8.4.X.3: Path switch request: unsuccessful operation
If a failure occurs in the EPC during the execution of the Path Switch Request procedure, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNodeB with an appropriate cause value. 

8.4.4.4
Abnormal Conditions
8.4.5
Location Notification
8.4.5.1
General
The purpose of the Location Notification procedure is to notify MME that the UE has come back to source eNB since handvoer failure.
This procedure is triggered only if a NAS message is failed to be delivery to UE during to X2 handover.
8.4.5.2
Successful Operation
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Figure 8.4.5.2: Location Notification
The source eNB shall send a LOCATION NOTIFICATION message to the MME when UE comes back to source eNB in case of handover failure.
8.4.5.3
Unsuccessful Operation

8.4.5.4
Abnormal Conditions
********** Text proposal 2 end***************************
********** Text proposal 3 start**************************
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
	
	
	
	
	

	eNB S1-AP UE Identity
	M
	
	
	
	
	

	MME S1-AP UE Identity
	M
	
	
	
	
	

	NAS-PDU
	M
	
	
	
	
	


9.1.7.X
DOWNLINK NAS TRANSPORT FAILURE

This message is sent by the eNB to notify MME that NAS message is delivered unsuccessfully over the S1 interface.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	eNB S1-AP UE Identity
	M
	
	
	
	
	

	MME S1-AP UE Identity
	M
	
	
	
	
	

	NAS PDU
	M
	
	
	
	
	

	Cause
	M
	
	
	
	
	


********** Text proposal 3 end***************************

********** Text proposal 4 start**************************

9.1.5.Y
LOCATION NOTIFICATON

This message is sent by the eNB to notify MME the current location of UE.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	eNB S1-AP UE Identity
	M
	
	
	
	
	

	MME S1-AP UE Identity
	M
	
	
	
	
	

	Cause
	M
	
	
	
	
	


********** Text proposal 4 end***************************
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