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1 Introduction
During RAN2#92, RAN2 has assumed 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.” 

During RAN#70, RAN assumed that NB-IoT signalling optimisation design (i.e. CP and UP solution relevant to UE, RAN and CN for small data transmission) can be reused for non NB-IoT UEs. Our understanding for this assumption is that main intention of CP and UP solution is for small data transmission, and it should be possible to be extended for non NB-IoT UEs if they have the similar characteristics with NB-IoT UEs, e.g. infrequent and small data, low mobility, etc. In order to avoid the confusion that CP and UP solution is only for NB-IoT UEs, we suggest using the term small data signalling optimization to indicate CP solution and UP solution in NB-IoT.
In this paper, we will analyze RRC connection establishment issues relevant to small data signalling optimization solutions. 
2 Discussion
2.1 Initial attach and selection for small data signaling optimization solution
According to SA2 discussion, a UE can provide its preferred solution (i.e. preferred CP solution or preferred UP solution) and its supported solution (e.g. support for CP solution and/or UP solution) to the MME during attach procedure and negotiate the acceptable solution with the MME. 

Based on selection of CP solution or UP solution, the MME can initiate different procedures further, e.g. attach accept can be delivered in different ways for CP solution (attach accept encapsulated within S1 Downlink NAS Transport message) and for UP solution (attach accept encapsulated within S1 initial context setup request message). 

From eNB perspective, based on the trigger from the MME, the eNB can also perform different procedures for CP and UP solution. For instance, for CP solution, the eNB may only deliver encapsulated NAS message within DL/UL information delivery messages transparently; for UP solution, the eNB can setup DRB by RRC connection reconfiguration procedure and keep AS context by RRC suspend procedure. If UP solution is selected, UE, eNB and MME should follow the UP solution procedure while originating call or terminating call after attach procedure. If UP solution is not selected, CP solution is assumed as the default small data signaling optimization solution for UE, eNB and MME. [Note: Whether to support and how to switch between CP and UP solution can be FFS.]

The attach procedure for CP solution can be illustrated as in Figure 1.
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Figure 1: Initial attach for CP solution

The attach procedure for UP solution can be illustrated as in Figure 2.
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Figure 2: Initial attach for UP solution
If the call flows illustrated in Figure 1 and Figure 2 are acceptable, we suggest capturing them into Running CR of 36.300 on NB-IoT as reference.

Proposal 1: To capture Figure 1 and Figure 2 into Running CR of 36.300 on NB-IoT.

There are several issues to be considered further from RRC perspective based on the above understanding for initial attach and selection for CP/UP solution:

· Issue#1: whether to indicate the UE preferred small data signalling optimization solution (e.g. CP preferred or UP preferred) to the eNB while initiating RRC connection establishment, which is relevant to the open issue “FFS if different cause values should be used for CP and UP solution” from RAN2#92
· Issue#2: whether to indicate UE request for small data signalling optimization (e.g. common indicator, no differentiation for CP solution/UP solution) to the eNB while initiating RRC connection establishment
· Issue#3: whether to broadcast a eNB capability for supported small data signalling optimization solutions
2.2 Issue#1: whether to indicate the UE preferred CP/UP solution to eNB while initiating RRC connection establishment
The issue here is that whether the eNB needs to know the UE preferred CP solution or UP solution during the RRC connection establishment in order to apply the suitable procedure, e.g. selection of MME with small data signaling optimization function. Here we assume there are several types of MME: MME with cIoT EPS optimization (only CP), MME with cIoT EPS optimization (both CP and UP), Legacy MME (not supporting cIoT EPS optimization) and MME with both cIoT EPS optimization (only CP, both CP and UP) and legacy functions. 

If the eNB can know the UE preference, the eNB can select the suitable MME correspondingly, e.g. if the UE prefers CP solution, then the eNB might select the MME with only CP solution, but it is also possible for the eNB to select the MME with both CP and UP solution; if UE prefers UP solution, then the eNB might select the MME with both CP and UP solution, but it is also possible for the eNB to select the MME with only CP solution, e.g. if there is no other choice (and then the MME may force a decision for using CP solution). Based on this understanding, although a UE preferred NB-IoT solution can give some information for more accurate MME selection (MME capable of only CP solution, or MME capable of both CP solution and UP solution), it looks not essential for theNB-IoT functionality.

Therefore, it is suggested not to indicate UE preferred small data signaling optimization solution to eNB while initiating the RRC connection establishment.

Proposal 2: There is no need to indicate the UE preferred small data signalling optimization solution to eNB while initiating RRC connection establishment (i.e. no need for separate establishment causes).
2.3 Issue#2: whether to indicate UE request for small data signaling optimization to eNB while initiating RRC connection establishment
Based on the analysis of Issue#1, we think there is no need to indicate UE specific request for CP solution or UP solution, but there is still one specific aspect to be considered.
Based on the assumptions from RAN#70, there might be two types of UEs supporting small data signalling optimization solutions:

· type1 UE: NB-IoT UE which requires all NB-IoT functions relevant to physical layer, RRC level and CN level, including small data signalling optimization; 
· type2 UE: non NB-IoT UE capable of small data signaling optimization, which supports normal LTE functions and only small data signalling optimization (no other NB-IoT aspects, including physical layer, etc.).

The issue here is that whether a UE needs to indicate its request for small data signaling optimization while initiating RRC connection establishment so that the eNB can apply the suitable procedure, e.g. selection of MME with small data signaling optimization function.

For NB-IoT UEs, since they are meant to support small data signaling optimization only (i.e. no ‘legacy’ signaling solution), there is clearly no need to indicate a small data signaling optimization request while initiating RRC connection establishment.
Observation 1: No need to indicate small data signaling optimization request for NB-IoT UEs while initiating RRC connection establishment.

In case of non NB-IoT UEs supporting small data signaling optimization, and initiating an RRC connection establishment with cause “mt-Access, mo-Signalling or mo-Data” it is impossible for the eNB to identify whether or not the UE wants to use small data signaling optimization and then select a suitable MME to serve the UE, e.g. the eNB might select a MME without the needed cIoT EPS optimization function .
Therefore, for non NB-IoT UEs, it looks reasonable to indicate a small data signaling optimization request (e.g. requirement for cIoT EPS optimization and RAN optimization for CP and UP solution) while initiating RRC connection establishment.

Observation 2: It is beneficial to indicate small data signalling optimization request for non NB-IoT UEs capable of small data signaling optimization while initiating RRC connection establishment.
In existing LTE, there is one spare bit left in the RRC connection request IE, which could be used for NB-IoT signaling optimization indicator.In this way, the size of message3 is kept the same as before. If this indicator for small data signaling optimization request is set to 1, it means that the UE wants to use small data signaling optimization function (the decision for CP or UP should decided by the MME), the eNB can discriminate this request from legacy connection setup request and perform the suitable procedure to meet this request.
RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))
}

Proposal 3: To indicate small data signalling optimization request (i.e. common indicator for both CP solution and UP solution) in RRC connection request message for non NB-IoT UEs capable of small data signaling optimization.
2.4 Issue#3: whether to broadcast eNB supported small data signaling optimization capability
Based on the assumptions from RAN#70, there could be at least three types of eNBs: 

· type 1 eNB: eNB supporting all NB-IoT functions, including physical layer aspects and RRC layer modifications for small data signaling optimization (e.g. CP and UP solution);

· type 2 eNB: normal eNB capable of small data signaling optimization
· type 3 eNB: normal eNB with no support for small data signaling optimization (legacy eNB)

If a UE wants to use small data signaling optimization as analyzed in Issue#2, the issue here is that whether UE needs to know eNB’s capability for  small data signaling optimization.
Since NB-IoT UEs can only access type 1 eNBs considering the special physical layer requirements (e.g. bandwidth, PRACH, etc.) there is no need for the eNB to indicate small data signaling optimization capability.
Proposal 4: There is no need to broadcast small data signaling optimization capability for NB-IoT eNBs.

Non NB-IoT UEs can access either type 2 eNB or type 3 eNB. If the UE supports small data transmission optimization, it may want to select a type 2 eNB if the UE knows type 2 eNB is available; otherwise the UE may blindly send its small data signaling optimization request to the eNB, e.g. this request may be sent to a type 3 eNB, which might cause the UE not to use small data signaling optimization efficiently.
Observation 3: It is beneficial to broadcast small data signalling optimization capability for a non NB-IoT eNB which is capable of small data signaling optimization.
Proposal 5: To broadcast small data signalling optimization capability for non NB-IoT eNBs capable of small data signaling optimization.
3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: To capture Figure 1 and Figure 2 into Running CR of 36.300 on NB-IoT.
Proposal 2: There is no need to indicate the UE preferred small data signalling optimization solution to eNB while initiating RRC connection establishment (i.e. no need for separate establishment causes).Proposal 3: To indicate small data signalling optimization request (i.e. common indicator for both CP solution and UP solution) in RRC connection request message for non NB-IoT UEs capable of small data signaling optimization.
Proposal 4: There is no need to broadcast small data signaling optimization capability for NB-IoT eNBs.

Proposal 5: To broadcast small data signalling optimization capability for non NB-IoT eNBs capable of small data signaling optimization.
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