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1. Introduction
The New WI on NarrowBand IOT (NB-IOT) in RP-151621 [1] was agreed in RAN#69 meeting. SA2 has agreed, for normative work, to progress Solution 2 from TR 23.720 v1.1.0 as a mandatory feature for the UE and the Network and Solution 18 as an optional feature.
2. Discussion
2.1 Background
According to TR23.720, Solution 2 and Solution 18 are described as infrequent small data transmission using pre-established NAS security and User plane based solution with AS information stored in RAN. During RAN3 AD HOC meeting, the solutions impact on RAN3 and relative issues were discussed, while Solution2 and Solution18 selection and switching issue was also raised online.
Solution2 relies on the existing S1-MME interface and it consists of delivery of small data as part of NAS PDUs, MME/C-SGN will connect with RAN node with S1 interface as shown in TR23.720. There is no DRB establishment or activation for small data transmission. Usually, the MME/C-SGN replies the Downlink NAS Transport in response to the Initial UE Message. It is obvious that the INITIAL UE MESSAGE, DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages over S1 interface will be reused to transfer MO/MT small data transfer.
According to TR23.720 Section 6.18, UE needs to perform an initial connection setup to establish the NAS signalling connection and provide the UE and network with an initial AS context. RRC Suspend procedure and RRC Resume procedure are introduced, two class1 procedures of UE Context Suspend and UE Context Resume are introduced over S1-AP. MME supports for storing of the UE Context information when the RRC connection is suspended and the S1AP association is kept, while eNB supports for storing of UE Context with relevant radio interface parameters as well as S1AP association related parameters when UE has moved into the new CIoT RRC-Idle state by means of new 'RRC Suspend' procedure.
2.4.2 Solution2 and Solution18 selection and switching

Both solutions aim to support highly efficient handling of infrequent small data transmissions for NB IOT users. MME/C-SGN may make the choice between Sol2 and Sol18 based on indication from UE, according to the endorsed CR in SA2 last meeting, in the attach procedure, NB-IoT capable UE includes 'Preferred Network Behavior' indication regarding the network behavior supported by the UE. Furthermore, according to S2-160523 in SA2#113 meeting, UE is informed by MME which transmission method (CP and/or UP) it shall use. 
Proposal1: Solution2 and Solution18 selection between UE and MME/MME/C-SGN is performed by MME.
Solution2 has no DRB establishment and no AS security, which means when eNB receives the small data, the data via SRB will have higher priority on scheduling than data via DRB. It seems that Solution2 is suitable for high priority service, e.g, equipment alarm. On the other hand, Solution2 is suitable for small data transfer, while solution18 can meet with big data and high data rate services, e.g., software update/reconfiguration, up to 2000 bytes (see TR23.720).
However, let’s consider some practical use cases, for example, UE indicates to use Solution2 initially, after a while, due to the traffic model has changed, e.g., software edition updates triggered, Solution18 has the advantage to transfer big data to UE. In this case, one possibility is still using Solution2 to achieve multiple data transfer, the UL/DL user data are transferred in the multiple UPLINK/DOWNLINK NAS TRANSPORT messages, however it will bring signaling overhead in S1 interfaces, which is not the most appropriate way.

Therefore, NB-IoT capable UE which supports both solution 2 and solution 18 should be allowed to switch between solution2 and solution18.

Proposal2: How to achieve Solution2 and Solution18 switching needs to be solved.

The following solutions can be considered:
1) Switching via NAS signaling
MME triggers Detach procedure to UE with suggested solution indication or proper cause value, after detach, UE may initiate Attach procedure with another solution.
The MME-Initiated Detach procedure when initiated by the MME is illustrated in Figure 5.3.8.3-1 in TS23.401.
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Figure 1: MME-Initiated Detach Procedure

However, this solution is out of the scope of RAN3, which is pending to SA2/CT1. If the UE is in ECM-CONNNECTED state the MME may explicitly detach the UE by sending a Detach Request message to the UE. The Detach Type may be set to re-attach in which case the UE should re-attach at the end of the detach process. If the UE is in ECM-IDLE state the MME pages the UE. Here, the step1/2 in figure is optional, which means that it is not always UE can get switching information from Detach Request message. And this solution does not work for UE in ECM-IDLE state.
2) Switching via AS signaling
a) MME initiates the UE Context Release procedure with suggested solution indication, UE re-attaches to the network with new solution indication.
If MME decides to switch the CP/UP solution, the MME can immediately send  S1 AP UE Context Release Command message to the eNB to inform the solution switch, then eNB releases the RRC connection with UE and also informs the solution switch indication to UE. Next time UE can attach to the network with new solution. For Idle mode UE, the paging message is also considered to be used for solution switching.
The signalling flow example can be seen in the below figure2.
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       Figure2: MME initiates the UE Context Release procedure with suggested solution indication

b) MME initiates the UE Context Modification Request procedure towards eNB with the updated solution indication, after RRC reconfiguration procedure, data transmission will use the switched solution.
If MME decides to switch the CP/UP solution, the MME can send  S1 AP UE Context Modification Request message to the eNB to inform the solution switch, then eNB reconfigures the RRC connection with UE and also informs the new solution to UE. In the case of switching solution2 to solution18, the Initial Context Setup procedure can be used instead of UE Context Modification procedure. For Idle mode UE, the paging message is also considered to be used for solution switching.
Compared with solution a), solution b) can reduce the signalling cost from connected mode to idle mode, then reconnects to the network.
The signalling flow example can be seen in the below figure3.
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Figure3: MME initiates the UE Context Modification procedure with suggested solution indication
On our understanding, the Uu interface impact of solution 2b) needs to be evaluated by RAN2. At the initial stage of NB IOT deployment, solution 2a) is a simple, easy and robust way to realize CP/UP switching. 

Proposal3: RAN3 is kindly asked to discuss the variants above for the CP/UP solutions switching and decides the solution. At the initial stage of NB IOT deployment, solution 2a) is preferred.
3. Conclusion
Here we propose:
Proposal1: Solution2 and Solution18 selection between UE and MME/MME/C-SGN is performed by MME.
Proposal2: How to achieve Solution2 and Solution18 switching needs to be solved.
Proposal3: RAN3 is kindly asked to discuss the variants above for the CP/UP solutions switching and decides the solution. At the initial stage of NB IOT deployment, solution 2a) is preferred.
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