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1 Introduction

In Release 13 3GPP developed NB-IoT. This new radio access technology is dedicated to providing connectivity to services and applications demanding qualities such as high system coverage and capacity in combination with low device complexity and power consumption. 

In Release 14 3GPP is expanding the NB-IoT platform to provide e.g. positioning services, as well as support for multicast and device output power as low as 14 dBm to cater for even lower device complexity [1]. Also incremental improvements such as support for system access on non-anchor carriers and improving the UL and DL throughput are specified.

As Release 14 is approaching its final stages it is time to start the discussion on the content of NB-IoT Release 15. In this document we provide motivation in support of the Work Item proposal on Further enhancement of NB-IoT (feNB-IoT) found in RP-162057 [2].
2 Background

NB-IoT can be seen as 3GPP’s response to the growing popularity of Low Power Wide Area Networks (LPWANs). To compete in this area, it is crucial that the technology supports the following qualities:
· Ultra-low device complexity to facilitate ultra-low device cost.

· Low device output power to enable a compact modem form factor required to support a variety of use cases.

· High radio coverage to support ubiquitous service coverage.

· Low device power consumption to enable services on off-the-shelf battery types and to minimize system maintenance costs.
· High system capacity to support massive number of connected devices.

· Limited spectrum requirements to facilitate high deployment flexibility.

In Release 13 and in Release 14 the design was shaped by these objectives. It is our view that 3GPP also in Release 15 should follow the same guidelines when specifying Further enhancements of NB-IoT as elaborated upon in Section 3.
3 Further enhancements of NB-IoT
3.1 System access improvements
3.1.1 Support for data transmission in Msg3 and Msg4
To optimize system capacity and UE power consumption, Release 13 specified two solutions to shorten the connection setup procedure and reduce the signalling overhead. In the first solution based on the User Plane (UP) the RRC Suspend and Resume procedures were introduced that allows a connection to be resumed based on earlier established RRC security context and RRC connection configuration. In the second solution based on the Control Plane (CP), data is carried in a NAS container, e.g. in Msg 5, on a signalling radio bearer (SRB1bis). 
Even though the Release 13 solutions reduce signalling overhead as compared to a LTE Release 8 baseline, there is still room for further improvements. One approach which was discussed already in Release 13 is to allow early data transfer in Msg3 for the UL, and Msg4 for the DL. This is illustrated in Figure 1 below for the user plane solution where the RRC Connection Resume Request or RRC Connection Resume is multiplexed together with UP data. To enable encryption of UP data, security parameters (e.g. NCC) are passed to the UE already in the suspend procedure. It is seen in the figure that the connection setup procedure is reduced with this enhancement.
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Figure 1 High level illustration of user plane data transfer in Msg3/Msg4.
Observation 1: For feNB-IoT it is beneficial to specify support data transmission in Msg3 and Msg4 to reduce the connection setup procedure.
3.1.2 Improved access load control
Furthermore, we believe it is sensible to consider improvements targeting congestion control for system access. The NB-IoT radio interface for system access is fragmented in different NPRACH radio resources for UEs from different coverage enhancement (CE) levels. The specified access class based congestion control does however apply across all CE levels, and is in that sense not suitable to combat a situation where congestion occurs in one isolated CE level. A barring mechanism that takes the configuration of the radio interface into account may improve the situation.

Observation 2: For feNB-IoT it is beneficial to specify improved congestion control taking the specifics of the radio interface into consideration.
3.2 Idle mode improvements
3.2.1 Improved signal level estimation
It is our view that the NB-IoT Release 13 and 14 specifications have left some room for further improvements of the UE idle mode operation. Most importantly RAN4 has specified requirements on UE signal strength measurement accuracy of 6 dB in normal coverage and 12 dB in extended coverage. This will have a negative impact on crucial idle mode functions such as cell (re)selection and Coverage Extension (CE) level selection. A straightforward improvement would be to base the signal level estimation on the NB-IoT synchronization signals (NPSS/NSSS) instead of, or in addition to, the NB-IoT reference signal (NRS) as done in Release 13 and 14. Similar improvements can be considered for signal quality measurements. The below figure illustrates the achievable signal strength measurement accuracy when basing the estimation on the NPSS and NSSS.
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Figure 2 Signal level measurement accuracy when based on the NPSS/NSSS.

Observation 3: For feNB-IoT it is beneficial to specify enhanced UE signal level and quality measurement accuracy
3.2.2 Optimized idle mode behavior
The NB-IoT specifications allow a UE to skip measurements for cell reselection in case the serving cell signal strength or quality exceeds a certain level configured via the system information. This however indicates that UEs experiencing very low signal strength will likely never be allowed to skip measurements on neighbouring cells for cell reselection even though they may be located in the same cell during the entire life time of the device. So to further improve the battery life of devices in extended coverage new criteria, under the control of the network, to limit the measurement activity of IoT devices are proposed to be considered in Release 15.

Observation 4: For feNB-IoT it is beneficial to specify relaxed monitoring for cell reselection.
3.3 Connected mode improvements
3.3.1 Improved feedback
Due to the difficulties to assess the radio environment for devices in extended coverage it will be challenging to perform an accurate link adaptation in the NB-IoT. Classically, UE feedback has been used to enable the NW to optimize the link adaptation to make efficient use of the available radio resources. In Release 13 the feedback was however strictly limited to HARQ Ack/Nack, and power headroom reporting in Msg3. This was seen as sufficient for the short data transfers that in a first stage can be assumed to be most relevant for NB-IoT. To enable improved handling of longer lived connections there is however room for improvements. Straightforward solutions are e.g. to enable power headroom reporting also after Msg3, e.g. in conjunction with the transmission of the RLC status reports, and to enable indication by the receiver to the transmitter to use more or less repetitions after transmitting a radio block.
Observation 5: For feNB-IoT it is beneficial to specify extended support for UE feedback to improve NB-IoT support for longer data transmissions
3.4 Support for the Next Generation Access Technologies requirements and scenarios

3.4.1 Support for mMTC requirements

3GPP has in TR 38.913 agreed a set of scenarios and requirements for the Next Generation Access Technologies, among which a specific set of requirements associated with the massive MTC (mMTC) use case is found. These include the following service requirements:

· Latency of at least 10 seconds. 

· Coverage of 164 dB Maximum Coupling Loss (MCL).

· UE battery life beyond 10 years.

· Connection density of 1,000,000 devices per square km.

It has also been agreed to include LTE and NB-IoT as part of the 3GPP IMT 2020 submission to ITU. It is therefore time to study the feasibility of NB-IoT to meet the mMTC requirements, and if necessary specify any improvements needed to secure the fulfilment of the same.

Observation 6: It is time to study the feasibility of NB-IoT to meet the mMTC requirements, and if necessary specify any improvements needed to secure the fulfilment of the same.
4 Summary
In this contribution we provide the motivation behind our Release 15 Work Item proposal for Further enhancements of NB-IoT [2]. We address the areas of system access, idle mode and connected mode improvements and summarized our findings in the following set of observations: 
Observation 1: For feNB-IoT it is beneficial to specify support data transmission in Msg3 and Msg4 to reduce the connection setup procedure 
Observation 2: For feNB-IoT it is beneficial to specify improved congestion control taking the specifics of the radio interface into consideration.
Observation 3: For feNB-IoT it is beneficial to specify enhanced UE signal level and quality measurement accuracy.
Observation 4: For feNB-IoT it is beneficial to specify relaxed monitoring for cell (re)selection.
Observation 5: For feNB-IoT it is beneficial to specify extended support for UE feedback to improve NB-IoT support for longer data transmissions
Observation 6: It is time to study the feasibility of NB-IoT to meet the mMTC requirements, and if necessary specify any improvements needed to secure the fulfilment of the same.
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