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Introduction
At RAN #69, a new Work Item called NB-IOT was agreed to develop a single “clean-slate solution” in TSG RAN based on techniques described in TR 45.820 [1]. The objectives of the CIoT study described in TR 45.820 were improved indoor coverage, support of massive connections, reduced complexity, improved power efficiency and latency. [2]. However, the improved power efficiency among those performance objectives was not fully achieved in some scenarios for NB-LTE and NB-CIoT, because the battery lifetime for extreme coverage class is under the target performance of 10 years lifetime [2]. Therefore, we need to make more efforts to improve the power efficiency for NB-IOT device in WI phase. 
[bookmark: _Toc365474904][bookmark: _Toc365475393][bookmark: _Toc365476065][bookmark: _Toc365474914][bookmark: _Toc365475403][bookmark: _Toc365476075][bookmark: _Toc365474917][bookmark: _Toc365475406][bookmark: _Toc365476078][bookmark: _Toc365474920][bookmark: _Toc365475409][bookmark: _Toc365476081]This contribution discusses the user plane design aspects of NB-IOT as a way of improving power efficiency. 

Design Issues on User Plane 
From the perspective of maximizing battery life of CIoT devices, simplifying the overall legacy LTE design for NB-IOT is being considered, where one relevant aspect is the design of physical layer channels. For example, reducing the number of physical layer channels by omitting signals such as Downlink Physical Hybrid-ARQ Indicator Channel (PHICH), Physical Control Format Indicator Channel (PCFICH) or Uplink Physical Uplink Control Channel (PUCCH) has been under consideration in NB-LTE and NB-CIoT.
On the other hand, there are several control elements transmitted on the above channels e.g. Scheduling Request (SR), Channel Quality Indicator (CQI), ACK/NACK. Therefore, alternative ways are required in NB-IOT for dealing with these elements.
Observation 1. Alternative ways are required for dealing with control signals which are transmitted on the physical layer channels that are defined for LTE, but not for NB-IOT.

As one option, MAC procedures can be refined to work without this kind of signals. For example, SR transmission can be dealt on Random Access Channel (RACH). CQI can be adjusted using link adaptation based on transmission success probability, similar to the current Wi-Fi procedure. Also, keeping full HARQ transmissions without early termination can replace the absence of ACK/NACK feedback. In this case, however, there is a drawback that system efficiency will be lower than in the legacy cellular system.
For the second option, we can consider allowing higher layer to transmit control elements. For example, the signals mentioned above can be included in MAC header when data is being transmitted. Here, considerations should be given to the decision procedure for timings of control signal transmissions as well as any relationship between them, so that unnecessary transmissions are prevented.
In addition, to replace the legacy system operation with one for NB-IOT, energy-efficient MAC procedures need to be further discussed. An example of energy-efficient MAC procedure is described in Figure 1 below.
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Figure 1. Example of energy-efficient MAC procedure

The example above shows one of the energy-efficient MAC procedures. To suppress unnecessarily frequent transmissions of CIoT devices and thus extend battery life, placing a requirement on minimum buffer size can be considered. As the example shows, user device is triggered to send scheduling request to the system only when the minimum buffer is full. In addition, it can prepare for connection close in advance when expecting the buffer to be empty: the prompt connection close would result in reduced power consumption compared to the legacy design.

Proposal 1. Control signals can be transmitted by higher layer. In this case, energy-efficient MAC procedures for extended battery life of CIoT devices need to be further discussed.

[bookmark: _Toc426289536]Conclusions
In this contribution, design issue for user plane in NB-IOT was highlighted in the following observation and proposal:

Observation 1. Alternative ways are required for dealing with control signals which are transmitted on the physical layer channels that are defined for LTE, but not for NB-IOT.

[bookmark: _GoBack]Proposal 1. Control signals can be transmitted on higher layer. In this case, energy-efficient MAC procedures are needed to be further discussed for extended battery life of CIoT devices.
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