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1
Introduction
3GPP LTE has approved a new Rel.13 work item of narrowband IOT [1]. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 

In addition, SA2 is also working on the architecture enhancement to support ultra-low complexity, power constrained, and low data-rate 'Internet of Things' devices which considering the support of highly efficient handling of frequent and infrequent small data transmissions. SA2 [2] has agreed, for normative work, to progress Solution 2 from TR 23.720 [3] as a mandatory feature for the UE and the Network and Solution 18 as an optional feature.
There were progresses on both solutions, however there are still open issues need further study. In this paper, we would clarify those open issues for small data transmission for NB IoT devices.
2
Discussion
RAN2 #92 [4] assumed that the following values of RRC establishment cause may be applicable for NB-IOT: mt-Access, mo-Signalling, mo-Data, mo-Exception-Data. But whether different cause values should be used for CP and UP is open. 
The same topic whether the indication of preference of UP or CP solution was discussed in RAN2 AdHoc meeting [5] as well, two alternatives were discussed but without any conclusion.
· Alt 1: There is no need for NB-IoT UE to explicitly signal UP or CP mode within RRC message.
· Alt 2: NB-IoT UE explicitly signals UP or CP mode within RRC message at connection setup (At initial attach the UE may signal a) preferred solution, or b) nothing and/or UE capability, FFS).
Meanwhile, LS from RAN3 [6] concludes that for the MME selection in case of the heterogeneous deployment of the MME, it may be beneficial that eNB receives information over RRC from the NB IoT UE of the supported CIoT optimisation solutions.  
For both alternatives, when the UE tries to establish the connection from idle mode, from the RRC signaling applied, the eNB could know which option is requested from UE and select MME accordingly. In case of initial access, a new parameter of “Preferred Network Behavior” is added in NAS PDU to indicate the preference of the solutions from UE. In addition RAN2 agreed [5] that the selection which solution to be used is done between UE and network on NAS level. It is actually up to the MME to decide whether the UE uses CP or UP or neither based on e.g. UE preference, subscription data, etc. Even if UE indicates explicitly its preference in RRC message, it is still possible the MME does not allow the requested solution from UE. With all those respects, the indication in RAN message seems unnecessary, and it should leave the selection made in NAS level.
Observation 1: The MME plays the dominant role to finally select the solution for establishing the connection.

Proposal 1: No explicit signalling in RRC message is introduced to indicate the UEs preferred solution.
RAN2 [5] agreed to add a data volume indication in MSG3 to indicate the data volume for subsequent transmission(s) on SRB or DRB which may not yet be established. It is FFS if it is always sent or just under certain conditions. 
In legacy procedure, the UL message (Msg5) followed after Msg3 normally contains the NAS PDU (Attach Request, TAU Request or Service Request, etc.), which has the predictable message size. For CP solution, one NAS signalling message or NAS message carrying small data can be piggybacked in RRCConnectionSetupComplete in the RRC connection establishment procedure, the size of the small data may vary a lot depending on the type of the application. It would be difficult for eNB to understand the amount of data available for transmission in the UE UL buffer. To maximize the use of UL radio resource, it would be helpful for eNB to get the UE buffer size to provide more optimized scheduling scheme for the UL message (Msg5) after Msg3. 
Observation 2: The awareness of UEs data volume after MSG3 is beneficial for optimized scheduling for data transmission 
MSG3 can include different type of RRC messages for different purposes i.e. for RRC Connection Setup, RRC Connection Re-establishment and RRC Connection Resume.  In addition the may be configured to use CP or UP solution for data transmission.  In all of these scenarios the UE may have data and / or signaling available for the UL transmission. 
CP solution: 

· MSG3: RRC Connection Request

· Data size is predictable if only signaling is available for transmission
· Data size is not predictable if both signaling and data are available for transmission

· Data size is predictable if data only data available for transmission and data size is not more than max signaling message size (i.e. in MSG5
UP solution: 

· MSG3 alternatives: RRC Connection Request, RRC Connection Re-establishment, RRC Resume
· Data size is predictable if only signaling is available for transmission

· Data size is not predictable if both signaling and data are available for transmission

· Data size is predictable if data only data available for transmission and data size is not more than max signaling message size (i.e. in MSG5)
· Data cannot be scheduled before the connection resume has been successfully performed

· Data volume indicator could be used for determining whether DRB needs to be established.

· DRB needed only if data available for transmission

Proposal 2: Data volume indicator is introduced for both CP and UP solutions
Proposal 3: The UE shall indicate data volume in MSG3 if the UE has more than threshold (e.g. more than max size of UL message (MSG5)) amount of data available for transmission
For solution 18, where the DRB will be established or resumed later to send the user data, the legacy BSR procedure could provide the sufficient assistance for eNB to allocate the uplink grant optimally. However there is case that only SRB needs to be resumed, e.g. for periodical TAU procedure, which only utilizes RRC message for conveying the NAS message without needs of DRB. A new parameter of “Bearer Ind” was proposed to indicate to eNB that DRB is needed during the resumption, however the data volume indication could also serve the same purpose without any extra specification cost. Therefore, the data volume indication cold be set based on the NAS message carried in UL message after Msg3 to indicate eNB the requirement of SBR setup only and no need to add extra “Bearer Ind”.

Observation 3: eNB is able to determine from the data volume indication in MSG3 whether SRB only or SRB/DRB needs to be established
It is not decided whether the data volume indicator is introduced using MAC or RRC signalling. With current MAC CE is not possible to indicate data volume in MSG3 including both SRB and not yet established DRB data volume. If data volume indicator is not always included in MSG3 as proposed above we think that it is simplest to introduce the data volume indicator in RRC signalling. Otherwise RRC needs to indicate to MAC layer whether the data volume is needed or not in MSG3.

Proposal 4: Data volume indicator is included in RRC signaling

3
Conclusion
This contribution analyzed some open issues for CP solution and UP solution supporting infrequent small data transmission for CB IoT devices. We propose the following:. 

Proposal 1: No explicit signalling in RRC message is introduced to indicate the UEs preferred solution.
Proposal 2: Data volume indicator is introduced for both CP and UP solutions

Proposal 3: The UE shall indicate data volume in MSG3 if the UE has more than threshold (e.g. more than max size of UL message (MSG5)) amount of data available for transmission
Proposal 4: Data volume indicator is included in RRC signaling
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