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1   Introduction
During the January RAN3 ad hoc meeting it was discussed that an NB IoT UE moving from Idle to Active may initiate UL transmission of data over NAS. It was mentioned that there might be cases where the UL NAS PDUs transmitted immediately after moving to Active could be multiple and consecutive.
This paper looks at the scenario of multiple consecutive UL NAS PDUs for DoNAS and derives assumptions and proposals.
2   Multiple and Consecutive UL NAS PDUs
The validity of the scenario where a UE using DoNAS moves from Idle to Active and sends multiple consecutive UL NAS PDU without receiving any DL NAS message was discussed in RAN3 and it is subject to confirmation from SA2. It is however worth noticing that a scenario where many consecutive NAS PDUs are transmitted in UL at Idle to Active transition is, to say the least, rare. In fact, the traffic models in TR45.820, on the basis of which NB IoT solutions were agreed, do not account for prolonged and frequent UL data transmissions.

The traffic models in TR45.820 are divided as follows:

· All traffic models except one consider a data payload of up 200 Bytes transmitted with a period from hours to years: these models would not need consecutive UL PDU transmission because the payload is well within the size of a single NAS PDU.
· One traffic model accounts for data payloads of up to 2000Bytes in downlink (software updates) transmitted with periods of 180 days: This model does not need transmission of consecutive UL PDUs because the traffic is entirely in DL
It is therefore observed that according to the design principles of NB IoT the possibility of sending multiple and consecutive UL NAS PDUs is neither acknowledged nor technically justified. 

Indeed, why would a UE connected to narrowband frequencies (i.e. high coverage, low capacity) be induced to send a large amount of UL data in an unacknowledged way? Wouldn’t that approach be very signalling intensive and very power consuming, which are the main two aspects NB IoT is trying to address?
On the basis of the observations above, RAN3 should not take such scenario into consideration as a reference one. If it is at all possible that such condition can occur, this should be at least considered as a rare case.

Proposal1: It is proposed that the case of large amounts of consecutive UL NAS PDUs is considered as an infrequent event 
If RAN3 acknowledges that the multiple and consecutive UL NAS PDUs case is possible, then the problem to be solved is how to ensure that an S1 signalling connection is established in accordance to legacy mechanisms.

In this respect, TS36.413 quotes the following:

“[Excerpt from INITIAL UE MESSAGE procedure description] When the eNB has received from the radio interface the first UL NAS message transmitted on an RRC connection to be forwarded to an MME, the eNB shall invoke the NAS Transport procedure and send the INITIAL UE MESSAGE message to the MME including the NAS message as a NAS-PDU IE. The eNB shall allocate a unique eNB UE S1AP ID to be used for the UE and the eNB shall include this identity in the INITIAL UE MESSAGE message” 

And

“[Excerpt from DOWNLINK NAS TRANSPORT procedure description] If the MME only needs to send a NAS message transparently via the eNB to the UE and a UE-associated logical S1-connection exists for the UE or if the MME has received the eNB UE S1AP ID 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 UE S1AP ID to be used for the UE and include that in the DOWNLINK NAS TRANSPORT message; by receiving the MME UE S1AP ID IE in the DOWNLINK NAS TRANSPORT, the eNB establishes the UE-associated logical S1-connection.”

As it can be understood from the text above, a signalling connection is considered established by the eNB only when a DOWNLINK NAS TRANSPORT message containing the MME UE S1AP ID is received by the MME. Ensuring that both eNB UE S1AP ID and MME UE S1AP ID are allocated at establishment of an S1 signalling connection is very important because any following UE associated message would have to mandatorily contain such IDs.

Therefore, if multiple consecutive NAS PDUs want to be sent in uplink after the UE moves to Active, there will be the need of receiving a DOWNLINK NAS MESSAGE at the eNB after the very first UL NAS PDU is sent to the MME via the INITIAL UE MESSAGE. The message sequence chart for this case should look as in Figure 1.
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Figure 1: example of correct message sequence chart for establishment of S1 signalling connection

The message sequence chart in Figure 1 shows that the DOWNLINK NAS TRANSFER message sent by the MME to establish an S1 signalling connection must contain a NAS PDU. It could be claimed that such NAS PDU may not be needed because the MME may not have any DL data to send to the eNB over NAS. Yet, the DOWNLINK NAS TRANSFER mandates the NAS PDU presence and the DOWNLINK NAS TRANSFER is essential for the establishment of the S1 signalling connection. 

In order to solve the problem above a simple solution that respects the current way of establishing an S1 signalling connection and that respects inclusion of the mandatory IEs in the DOWNLINK NAS TRANSFER message is to allow the MME to include a “dummy” value in the NAS-PDU IE included in the DOWNLINK NAS TRANSFER message. Namely, the MME can generate a DOWNLINK NAS TRANSFER message where the NAS protocol is not involved in producing the DL NAS PDU. Instead, the NAS-PDU IE can consist of dummy values that should be discarded by the receiving eNB and not forwarded to the UE over the air. 
In order to inform the eNB that the NAS-PDU IE is “dummy” a new IE can be included in the DOWNLINK NAS TRANSFER message. This IE has simply the role of indicating that the NAS PDU contains information that should be discarded without forwarding to the UE. As an example, this IE can be given the name of NAS Discard IE and it can be introduced with optionality “Optional” and with a single value “True”. An example of how the DOWNLINK NAS TRANSFER message can be enhanced according to the description above is shown below:

	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

	Handover Restriction List
	O
	
	9.2.1.22
	
	YES
	ignore

	Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.1.39
	
	YES
	ignore

	SRVCC Operation Possible
	O
	
	9.2.1.58
	
	YES
	ignore

	NAS Discard
	O
	
	ENUMERATED (True,…)
	
	YES
	reject


Following the solution principles above, the message sequence chart for the case of delivery of multi8pkle UL NAS PDUs is as in Figure 2.
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Figure 2: Message sequence chart for establishment of an S1 signalling connection when multiple consecutive NAS PDUs are transmitted

Proposal2: If the scenario of consecutive multiple NAS PDUs with no received DL NAS PDU is confirmed, it is proposed to let the MME generate a DOWNLINK NAS TRANSFER message that includes a flag indicating that the DL NAS PDU should be discarded by the eNB  

3   Conclusion 

In this paper the scenario of a UE moving to Active mode and sending multiple consecutive UL NAS PDUs over DoNAS was considered. It was observed that the case of multiple consecutive UL NAS PDUs seems not central to the main scenarios NB IoT is trying to address. For this the following proposal was made:

Proposal1: It is proposed that the case of large amounts of consecutive UL NAS PDUs is considered as an infrequent event 
It was also explained that if no DOWNLINK NAS TRANSFER message is received by the eNB after the INITIAL UE MESSAGE is sent an S1 signalling connection cannot be established.

To obviate to this problem a simple solution was proposed where the current way of establishing an S1 signalling connection is maintained and where the DOWNLINK NAS TRANSFER message is enhanced for this purpose. The following proposal was made.

Proposal2: If the scenario of consecutive multiple NAS PDUs with no received DL NAS PDU is confirmed, it is proposed to let the MME generate a DOWNLINK NAS TRANSFER message that includes a flag indicating that the DL NAS PDU should be discarded by the eNB  

It is suggested to agree to the proposals above and to the draftCR in [1].
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