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1. Introduction
At GERAN #62 a new study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. There are three clean-slate proposals, namely NB M2M, NB-OFDMA, and NB-CIoT in the latest TR 45.820 [2]. Those clean-slate solutions cannot be deployed inside a regular LTE carrier since downlink orthogonality between the clean-slate solution and the wideband LTE is not maintained. If a clean-solution can be deployed within the wideband LTE carrier, then it will be beneficial to operators especially when the operators do not have GSM carriers or want to increase deployment flexibility. 
The sourcing company proposes a clean-slate solution referred to as narrowband LTE (NB-LTE) that reuses LTE technology to allow deployment with wideband LTE in addition to stand-alone deployment. Furthermore, performance improvement techniques are employed to make a competitive solution with small change to the LTE specification.
In this contribution, the MAC layer design for NB-LTE is presented.
2. NB-LTE Overview
2.1. Design Principles
 In Annex A of [2], the CIoT deployment scenarios are described as follows: 

· It is expected that an initial release of a 'clean slate' Cellular IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE.

NB-LTE is designed to support both in-band operation inside a regular LTE carrier and stand-alone operation including re-farming GSM carriers and using small unused parts of a regular LTE carrier. The following considerations are taken into account for design of NB-LTE:
   - Compatibility with in-band deployments in one LTE Physical Resource Block in order to support a variety of deployment scenarios, including stand-alone deployments.
   - Design commonality for different deployment scenarios as much as possible to reduce implementation complexity of devices.
   - Performance improvement by employing PAPR reduction techniques for multi-tone transmission on the uplink and by optimizing L2/L3 layers such as cell selection mechanism and user plane procedures
The NB-LTE physical layer uses a system bandwidth of 200 kHz on both downlink and uplink with 180 kHz occupied bandwidth and a 10 kHz guard band at each edge.
On the downlink at physical layer, the key design considerations are as follows:
   - Orthogonal Frequency Division Multiple Access (OFDMA) is adopted.

-
 The same subcarrier spacing of 15 kHz as LTE to reduce the interference between NB-LTE and LTE by maintaining orthogonality.

-
 The same pilot structure as LTE, in which the same positions of legacy Cell-specific Reference Signal (CRS)
 are used.
- Synchronization Signals avoids the first three OFDM symbols that carries control channel in legacy LTE and the OFDM symbols that carries CRS of LTE.

On the uplink at physical layer, the following key factors are considered.
   - OFDMA with single tone transmission is baseline.

-
The subcarrier spacing of 2.5 kHz, which is one sixth of the LTE subcarrier spacing, is adopted to multiplex many devices simultaneously.
- However, for some reasons, such as the need for higher data rate while maintaining robust transmission, multi-tone transmission should be considered. 
- In general, peak-to-average power ratio (PAPR) of multi-tone transmission is larger than that of single tone transmission. 
- Large energy is needed to transmit data when PAPR is high, so that the battery life is considerably shortened, which is significant problem especially to low-cost IoT devices.
- For this reason, PAPR reduction schemes can be considered in NB-LTE. 
- Some options such as precoding-based transmission and combined modulation of FSK and QAM are described.
The NB-LTE L2/L3 layer optimizes the following aspects:
   - Cell selection/reselection optimization for both stationary and nomadic devices.
   - Energy-efficient radio resource management by enhancing the connection management and resource request procedure.
3. NB-LTE MAC Design
According to above mentioned design principle, the L2/L3 layers for NB-LTE are designed by reusing the current LTE specification as much as possible. However, in the perspective of the design philosophy of CIoT, the current LTE specification still needs to be enhanced in terms of power saving, low signaling overhead and limited mobility support. Accordingly, we revisit the current LTE features and represent corresponding enhancement points from that standpoint. 
3.1. Cell Selection and Reselection for NB-LTE
Handover as a mobility solution would be a power consuming operation in CIoT, as handover operation involves frequent neighbor-cell measurements, related event reports and connection reconfiguration procedures. Furthermore, considering the traffic characteristics of CIoT such as long inter-arrival rate and short packet size, supporting the power consuming connected mobility must be quite inefficient. Therefore, instead of the handover, NB-LTE considers the cell (re)selection only as the CIoT mobility solution.
However, the current cell (re)selection mechanism needs to be enhanced in terms of power saving perspective. Because smart meter, the main target device of this CIoT SI, is expected to be stationary in most cases, the serving cell would not change in general. Nevertheless, if the current LTE procedure is adopted in our CIoT system without change, it can perform the neighbor cell measurement unnecessarily for choosing a serving cell with the best signal strength. It is more efficient for those stationary devices to avoid the unnecessary power consuming operations involved in cell (re)selection. Aside from the mobility type, the procedure can be further optimized according to device or service types.

3.2. UL feedback and UL transmission designs for NB-LTE 
Because UL feedback consumes a large amount of MS power, it is more efficient to limit the opportunities of UL feedbacks. Therefore, instead of PUCCH dedication for the UL feedback, NB-LTE is designed to limit the functionality of PUCCH just to support DL ACK/NACK with a single subcarrier. 
In fact, due to the low rate characteristics of downlink traffic in CIoT, limiting the size of PUCCH to a single subcarrier can be efficient in most cases. However, there are situations when the amount of PUCCH is not enough because of too many DL ACK/NACK requests. In that case, the UE feedback can be conveyed on another channel in NB-LTE, e.g. CQI and ACK/NACK can be piggy-backed in UL-SCH by on-demand scheduling. In addition, the scheduling request of PUCCH can take place as part of RACH procedure.

In addition, LTE user plane procedures need to be revisited carefully to maximize battery life of the CIoT devices. For example, minimum buffer size requirement for accessing the system can be considered, to suppress unnecessarily frequent network access – thus extending battery life. This would be the appropriate design for CIoT devices, because CIoT devices are tolerant on latency but not on additional battery consumption.

3.3. Other features for NB-LTE 

Coverage class is a special feature of CIoT which enables a simple resource scheduling for most of stationary MSs with reduced UL feedback. For determination of the coverage class, each MS measures the signal strength of downlink reference signals from the base station and decides the appropriate coverage class according to predefined signal strength to coverage class mapping table. Then, the MS notifies the coverage class to base station by RACH message [3].

The UL/DL resources such as MCS and repetitions are determined based on the coverage class. For the downlink, the MCS level is solely mapped from the pre-determined coverage class, i.e. there is one to one mapping between the downlink MCS level and the coverage class of a CIoT device. On the other hand, multiple MCS levels are supported within each coverage class in the uplink: this prevents unnecessary MS power consumption that can occur from over-repetition.
4. Conclusions

In this document, we discussed the design principles of NB-LTE and possible L2/L3 design options. It is proposed to capture the design principles and options for guidance and continue the further design in the WI phase.
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