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1. Introduction
In RAN2#92, the RRC connection establishment cause was discussed and agreed as follows [1]:
	· There is an RRC establishment cause. 
· We assume that the following values of RRC establishment cause may be applicable for NB-IOT: mt-Access, mo-Signalling, mo-Data, mo-Exception-Data; FFS if different cause values should be used for CP and UP solution. 


In addition, there are related questions below in the reply LS from SA2 [2]:

	SA2 recall earlier discussions during the development of TR 23.720 where some companies emphasised the importance of the eNB being able to differentiate between signalling and data sent using “solution 2”. Hence SA 2 assume that mobile originating data sent using the CIoT Control Plane Optimisation (c.f. “solution 2” in TR 23.720) uses the RRC Establishment Cause mo-Data. Is this correct?
SA 2 then wonder whether the above cause values are sufficient to enable the differentiation between mobile originating data sent using the CIoT Control Plane Optimisation (c.f. “solution 2” in TR 23.720), and, mobile originating data sent using the CIoT User Plane Optimisation (c.f. “solution 18”), and data sent using ‘ordinary’ RRC connection establishment. SA 2 also wonder about the impacts of this on the interactions between NAS and AS documented in annex D of TS 24.301.


In this contribution, we discuss whether different cause values should be used for the CP solution (i.e. solution 2) and the UP solution (i.e. solution 18) and provide our views. Note that gray part is not for NB-IoT, but for other UEs in LTE.
2. Discussion
At first, it is discussed which type of cause value should be theoretically used for the data transmission over NAS (e.g. mo-Data or mo-Signalling in the case of mobile originating) in the CP solution, before discussing the need of differentiation between the CP and the UP solutions. In RAN2#92, there were some discussions and some companies considered the mo-Data should be used for NAS PDU, while there was no clear preference for the mo-Signalling. We also consider that the establishment cause for NAS PDU carrying the data should be mo-Data in order to distinguishing other signaling procedure.
Observation 1: mo-Data (or mo-Exception-Data) is preferred for data transmission with the CP solution (i.e. solution 2) rather than mo-Signaling.
Next we discuss the need of differentiation between the CP and the UP solutions. This issue should be considered and decided by taking into account the overall procedure. In the following, we discuss two phases: 1) Attach procedure, 2) RRC_Idle to RRC_Connected transition for (initial) data transmission
Assumption
It is assumed that the network (eNB and CN) and the UE support both the CP and the UP solutions. It is also assumed that the RRC connection establishment cause value “mo-Data” is used for both solutions based on the Observation 1.
Phase 1: Attach procedure

Currently SA2 has been discussing the overall procedure for NB-IoT and some CRs have been endorsed in [3]. It seems that the UE sends “Preferred Network Behaviour” information which indicates the Network Behaviour the UE can support and what the UE prefer to use. Based on this information, the MME selects the solution at least for the initial selection, and the MME informs the eNB and the UE of its selected solution explicitly or implicitly with appropriate configurations during the Attach procedure. From RAN point of view, it could be assumed that the UE sends mo-Signalling as the establishment cause for the Attach. After the completion of the attach procedure, the RRC connection of the UE is released and the UE stores the information of the configured solution in its memory.
Note that SA2 is still discussing the change of applied solution and thus this aspect is not discussed here.

Also note that in RAN2 NB-IoT AH, it was discussed if the NNSF would be impacted at Attach procedure without information on UE’s supported (or preferred) solution. On this point, SA2 has agreed to include such indication in RRCConnectionSetupComplete message for Attach/TAU request [3]. This aspect is discussed in other contribution in [4]. At a later stage, the UE has been already registered and the eNB can transfer S1AP/NAS message to appropriate MME without specific information on ongoing NB-IoT solution.
Phase 2: RRC_Idle to RRC_Connected transition for data transmission
There are roughly 4 steps in an expected signaling flow shown in the figure 1.

Step 1) RRC connection request and setup

For the initial data transmission after the Attach completion, the UE has to set the establishment cause according to the configured solution (CP or UP) and sends the RRCConnectionRequest message to the eNB. Since the eNB does not know the applied solution yet, the eNB sends the RRCConnectionSetup message to the UE with assuming the CP solution. This is motivated by the SA2 agreement that the solution 2 is mandatory supported for the network and the UE, while RAN2 confirms the mandatory support refers to the UE from RAN2 specification point of view.
Step 2) RRC connection setup complete (with data for CP)
The UE sends the RRCConnectionSetupComplete message and it is piggy-backed by some data, only if the UE has been configured with the CP solution. The eNB transfers the NAS information to the MME via S1AP InitialUEMessage message. For the CP solution, the MME does not reply to the eNB by sending S1AP InitialContextSetupRequest message. For the UP solution, the MME sends S1AP InitialContextSetupRequest message to the eNB. Upon receiving this message including e.g. GTP-TEID for E-RAB over S1-U, the eNB could know the UP solution is applied to the UE.
Step 3) RRC connection reconfiguration (for UP)
After the initial security activation procedure (SecurityModeCommand and SecurityModeComplete), the eNB sends the RRCConnectionReconfiguration message for DRB set up and the UE responds with the RRCConnectionReconfigurationComplete message. Then, the UE sends some data via the DRB.
Note that the need of RRC connection reconfiguration for CP was discussed in RAN2 NB-IoT AH and it was agreed that “we assume that RRC Connection Reconfiguration is supported for UP solution, for aspects unique to the UP solution”. 
Step 4) RRC connection release (for CP) and suspend (for UP)
For the CP solution, the network (MME or eNB) triggers the connection release after e.g. sending the response data in DL or an internal timer (e.g. user inactivity timer) expires. 
For the UP, when the eNB decides to suspend the RRC connection, the eNB informs the MME of UE context deactivate and the UE of RRC connection suspension with the resume ID [5]. The UE enters the RRC_Idle with storing the AS information. Note that the eNB can know the RRC connection resume procedure by the resume ID and there will be no need for differentiating the cause values in this case, even if the RRCConnectionRequest message would be reused (as discussed in Email discussion [NBAH#04]).
Based on the discussion above, the system might be able to work without different cause values, given that all the eNB and the NB-IoT UE support the CP solution (i.e. solution 2). However, we have two remarks below.
In Step 1), when it comes to apply NB-IoT solutions to other UEs in LTE [5], at least solution2 shall be differentiated from legacy mo-Data. This could be done by new establishment cause (e.g. mo-Small-Data) at least for knowing the solution 2 or new IE having similar meaning in RRCConnectionRequest message. Since commonality between LTE and NB-IoT is useful for NW implementations at e.g. in-band operation, we suggest discussing also this aspect before final decision.
Also in Step 2), even without explicit indication to show CP or UP solutions, the eNB could perform appropriate actions but it might be a problem. This is because the eNB can know the solution only when nothing is received or expected signaling is received. For the safety and smart network behaviour, we prefer to apply the same policy for Attach/TAU request [3]. I.e., the RRCConnectionSetupComplete message shall always include an indication proposed in [4], which shows solution 2 and/or solution 18 is triggered, regardless of the cause. Otherwise, new establishment cause to differentiate solutions would be useful.
Observation 2: it would be better to introduce a mechanism in which the eNB can know which solution is triggered. The indication could be either new establishment cause value in RRCConnectionRequest message or an indication in RRCConnectionSetupComplete message.
Finally, we propose;

Proposal 1: RAN2 to agree that RRCConnectionSetupComplete message shall include the indication showing triggered NB-IoT solution (i.e. solution 2 and/or 18) regardless of establishment cause (i.e. also for other than Attach/TAU request). 

Proposal 1a: if proposal 1 is not agreed, RAN2 to agree to define new establishment cause to differentiate NB-IoT solutions.
Proposal 2: RAN2 to send a reply LS to SA2.
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Fig 1: Expected basic signaling flow for data transmission in NB-IoT
3. Conclusion

In this contribution we discussed whether different values of RRC connection establishment cause should be used for the CP solution (i.e. solution 2) and the UP solution (i.e. solution 18). We made the following observations:
Observation 1: mo-Data (or mo-Exception-Data) is preferred for data transmission with the CP solution (i.e. solution 2) rather than mo-Signaling.
Observation 2: it would be better to introduce a mechanism in which the eNB can know which solution is triggered. The indication could be either new establishment cause value in RRCConnectionRequest message or an indication in RRCConnectionSetupComplete message.
Based on discussions and observations, we propose;

Proposal 1: RAN2 to agree that RRCConnectionSetupComplete message shall include the indication showing triggered NB-IoT solution (i.e. solution 2 and/or 18) regardless of establishment cause (i.e. also for other than Attach/TAU request). 

Proposal 1a: if proposal 1 is not agreed, RAN2 to agree to define new establishment cause to differentiate NB-IoT solutions.
Proposal 2: RAN2 to send a reply LS to SA2.
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4.3.5.x
Preferred and Supported Network Behaviour

A UE includes in a Preferred Network Behaviour indication the Network Behaviour the UE can support and what it would prefer to use.

The Preferred Network Behaviour includes this information: 

· Whether Control Plane CIoT EPS optimisation is supported

· Whether User Plane CIoT EPS optimisation is supported

· Whether Control Plane CIoT EPS optimisation is preferred or  whether User Plane Plane CIoT EPS optimisation is preferred

· Whether  S1-U data transfer is supported

· Whether SMS transfer without Combined Attach is requested

· Whether Attach without PDN Connectivity is supported.

If SMS transfer without Combined EPS Attach is requested by the UE, the MME is required to support SMS transfer without the UE performing the combined EPS attach specified in TS 23.272 [58]. An MME supporting CIoT EPS optimisations should support SMS transfer without the UE being required to perform a Combined Attach.This feature is only available only to UEs that support NB-IoT.

If S1-U data transfer is supported the UE supports data transfer that is not subject to CIoT EPS Optimisations.

If  Attach without PDN connection is supported, the UE need not establish a PDN connection as part of the Attach procedure and the UE and  MME may at any time release all the PDN connections and remain EPS attached.

The MME indicates the network behaviour it accepts in the Supported Network Behaviour information. 
A UE that supports the NB-IoT RAT shall always indicate support for Control Plane CIoT EPS optimisation. 

In a network that supports Dedicated Core Networks (see clause 5.19), the Preferred Network Behaviour indication from the UE may be used to influence policy decisions that can cause rerouting of the Attach to another MME.

Other CIoT EPS optimisations include “Attach without PDN connection establishment”; “PDN type = non-IP”; and “UE connection to SCEF”. These features are requested by implicit and explicit signalling described within the relevant subclauses of this TS.

