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1. Introduction
In the previous RAN3#57, the handling of NAS PDU discard during inter eNB handover was briefly discussed.
In the discussion, most companies in RAN3 were in favour of the solution option to send a ‘non-delivery indication’ from eNB to the MME.

This document elaborates some issues need to be clarified when the option of sending ‘non-delivery indication’ is the preference solution.
2. Discussion

· Issue1: Which protocol layer sends the ‘non-delivery indication’ to MME?

The fact that S1-AP will (have to) send the ‘non-delivery indication’ is clear. 
This fact relates to how ‘non-delivery indication’ is going to be defined as S1-AP message (issue 5) 
· Issue 2: Where the NAS PDU is buffered and which protocol in MME re-sends the NAS PDU?
In the previous RAN3#57, it was concluded that NAS PDU will be buffered in MME. 
As an impact, it is necessary to decide whether the buffer is located in NAS protocol layer or in S1-AP protocol layer.

This buffer issue relates to the issue of which protocol is going to re-send the NAS PDU: NAS protocol or A1-AP protocol.

There are 2 alternatives for this issue; the first alternative is to perform the re-sending by NAS protocol and the second one is to perform the re-sending by S1-AP protocol.
The following figure 1a and 1b shows the signalling flow for the alternative 1 and alternative 2 respectively.
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Figure 1a: resending by NAS, buffering in NAS only

Figure 1b: resending by S1-AP, buffer in NAS and S1-AP
The following table is the comparison between alt.1 and alt.2

	Comparison
	Alternative 1: re-sending by NAS
	Alternative 2: re-sending by S1-AP

	Buffering
	Only NAS
	NAS and S1-AP
* Buffering in S1-AP may not be necessary when unsent NAS PDU itself is sent back to MME

	Inter layer (MME – S1AP)
	Necessary (2 messages)
One for indicating that a ‘non-delivery’ occurs, and one for indicating that the HO is completed and NAS message can by transmitted to the Target eNB
	Not necessary

	Protocol performing the re-sending
	NAS protocol
	S1-AP


For this issue, DoCoMo prefers to adopt alternative 2.
The main reason is since the failure of transmitting NAS messages to UE is foreseen in handover procedure, and handover procedure is an S1 procedure, it is simpler and time efficient if S1 procedure perform the re-sending of NAS message

Conclusion:
- S1-AP in MME should perform NAS PDU re-send.
- If the protocol in MME performing the re-sending is not going to be standardised, it should be mentioned clearly in the relevant specification. 
· Issue 3: Awareness of Application Layer towards Layer2 and the relation with NAS message duplication in UE NAS layer
Here, it is assumed that the timer on NAS layer is long enough (in unit of second) so that NAS timer will not expire during HO procedure.

The possibility occurrence of NAS message duplication in UE NAS layer may then be caused by the relationship between application layer (S1-AP) and Layer2, i.e. the fact that application layer (S1-AP) may not aware of the transmission state in Layer2.
The following figure shows one approach of handling NAS message in eNB.

Figure 2 shows that the following processing of NAS PDU:
- Source eNB will accept NAS messages from MME even it is on Handover Preparation state and try to send SRB containing NAS message until right before it sends HO command.
- The sending of ‘non-delivery indication’ by S1-AP is only subject for those NAS messages received from MME after Handover Command.
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Figure 2: NAS PDU processing in eNB
Since the source eNB keep receiving NAS messages and try to send it to UE until right before Handover Command, the following problem exists especially in the timing right before Handover Command:
· S1-AP (application layer) will not be aware whether the Layer 2 successfully sends NAS PDU to the UE or not, unless inter-layer message between Layer2 and S1-AP is defined. 
· In case where there is inter-layer Layer2 and S1-AP, ‘non delivery indication’ can be sent to MME when Layer2 does not received ACK (L2 ACK is lost, or NACK is received). In the case where ACK is lost and ‘non-delivery indication’ is sent to MME, there is the possibility of NAS message duplication in UE NAS layer.

· In case where no inter-layer RLC and S1-AP, 
if NAS PDU is not successfully send to UE, the re-transmission will be done according to the NAS timer in MME,
and if NAS PDU is successfully sent to UE but Layer 2 does not receive the ACK, the following cases applies.
- NAS level in MME receive NAS level ACK from UE after Handover is completed. In this case there is no concern in NAS message duplication in UE NAS layer. 
- NAS level in MME does not receive NAS level ACK from UE even after Handover is completed. Then NAS layer may send the same NAS PDU after NAS timer expired and there is the possibility of NAS message duplication in UE NAS layer. 
Conclusion:

· In the abovementioned case, it may be difficult for application layer (S1-AP) to be aware of the transmission condition of NAS PDU that is already processed in Layer2. 

· In both case where interlayer message is and is not defined, the possibility exists that the MME will send the same NAS message more than one to UE. Hence, it may be worthwhile to further study or ask CT1 on the impact of duplication of NAS message in UE NAS layer.

· Issue 4: How to indicate which NAS message that is failed to be transmitted to UE?
In this issue, two types of condition with regard to NAS message transmission needs to be considered:
- Condition 1 is where NAS message is transmitted sequentially one by one.
- Condition 2 is where in the same timing there are several parallel NAS message needs to be transmitted.

Condition 1 and 2 are illustrated in the following figure 3a and 3b.
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Figure 3a:  NAS message is transmitted sequentially

Figure 3b: Parallel NAS messages occurs in the same timing
In condition 1 when NAS message is transmitted sequentially, defining an ACK-like message in correspondence with the NACK-like ‘non-delivery indication’ would be sufficient.
However, there exists the impact where the following transmission of NAS messages must be sent after the reception of ACK of the previous one.
In condition 2, the likelihood occurrence of parallel NAS messages may need to be investigated further or may be asked to CT1. However, since it is not impossible that two NAS messages are generated and transmitted from MME in the same timing, it is necessary to find a solution how to indicate which NAS messages that are fail to be delivered to UE.
In both condition, it is necessary for the re-sending entity in MME to be aware of which NAS PDU (message) to be retransmitted. It is preferable if which NAS PDU (message) to be re-transmitted is indicated within or together with the ‘non-delivery indication’.
The alternative solution are the followings:
- Alt. 1: Defining an S1-AP level SN for Downlink NAS Transport
- Alt. 2: Re-using lower layer SN
- Alt. 3: Sending the undelivered NAS PDU back to MME
DoCoMo think that alternative 1 and 3 are feasible.
Conclusion:
- Indication of which NAS PDU (message) to be re-sent may be done by including the following information into the message carrying ‘non-delivery indication’:
  1. S1-AP level SN in Downlink NAS Transport message
  2. Undelivered NAS PDU

· Issue 5: How to define ‘non-delivery indication’ as S1-AP message?

In this issue there are 2 scenarios that need to be considered.
- Scenario 1: for standalone NAS messages.
- Scenario 2: for messages concatenated NAS messages to AS messages.

Scenario 1

In scenario 1 standalone NAS message is sent via S1 interface utilising S1-AP message so called Downlink NAS Transport message.
The alternative solution for defining ‘non-delivery indication’ in S1-AP for this scenario is the followings:
- Alternative 1: Defining response for Downlink NAS Transport message (Downlink NAS Transport message is defined as class 1 message)
Alternative 1 is illustrated in figure 4a.
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Figure 4a: Defining response for Downlink NAS Transport message
- Alternative 2: Defining new procedure that is triggered whenever delivery failure of NAS message occurs.
Alternative 2 is illustrated in figure 4b.
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Figure 4b: New procedure for ‘NAS message non-delivery indication’
DoCoMo is open on either way of the defining the ‘non-delivery indication’ in S1-AP message.

Scenario 2

Scenario 2 refers to procedures such as attach and idle-to-active when in Initial Context Setup Request message, NAS message(s) is concatenated with AS messages.
When handover preparation occurs after Initial Context Setup Request message is sent to eNB and also in cases other than handover when there is a failure in either AS or NAS part of the message, then it is foreseen to be simple and clean if all the procedure (in this case Initial Context Setup Request message) is failed. The relevant response message (in this case Initial Context Setup Response message) will convey the necessary failure cause and other necessary IE.
Conclusion:
- For standalone NAS message, either alternative 1 or 2 may be adopted to define ‘non-delivery indication’ of NAS message.
 - For message with concatenated NAS IE with AS IE, the whole procedure should be aborted if a procedure for one of the protocol fails, and the relevant response message should include the appropriate failure cause (non-delivery indication for NAS message) and other necessary IE.
3. Proposal
It is proposed to discuss and agree on the conclusions elaborated in section 2.
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