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1. Introduction
At the 3GPP TSG RAN #71 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1]. This study item consider three types of usage scenarios for NR, which are eMBB(enhanced Mobile Broadband), mMTC(massive Machine Type Communication), and URLLC(Ultra Reliable and Low Latency Communications). In this contribution, we discuss about the design principles for mMTC in NR. 
2. Discussion
Minimum bandwidth and flexibility
The Definition of KPIs which are considered for NR is described in TR38.913. Among these definitions, the main targets for mMTC are as following: [1]
· Coverage: "Maximum coupling loss" (MCL) in uplink and downlink between device and Base Station site (antenna connector(s)) for a data rate of [X bps], where the data rate is observed at the egress/ingress point of the radio protocol stack in uplink and downlink.

·  The target for coverage should be [164dB].
· UE battery life: UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of [TBD bytes] UL per day followed by [TBD bytes] DL from MCL of [TBD] dB, assuming a stored energy capacity of [TBD].

·  The target for UE battery life should be [15 years].
· Connection density: Connection density refers to total number of devices fulfilling specific QoS per unit area (per km2). QoS definition should take into account the amount of data or access request generated within a time t_gen that can be sent or received within a given time, t_sendrx, with x% probability.

·  The target for connection density should be 1 000 000 device/km2 in urban environment.
To achieve these KPIs, narrowband operation can be the solution. In LTE work, Rel-13 NB-IoT had been discussed for several performance objectives which are described in TR45.820. The major objective for NB-IoT is coverage enhancements (support extreme coverage), low complexity, and massive connectivity for low throughput devices. These objectives for Rel-13 NB-IoT are similar to KPIs for mMTC in NR. Especially, mMTC in NR should support narrowband operation for low complexity UEs and low power consumption in extreme coverage. Thus, narrowband operation can be the baseline for mMTC design in NR.
In determining the size of narrowband, UE capability or required data rate, we should consider diverse mMTC applications. As one of the target of Rel-14 eMTC is to effectively support VoIP which seems essential for certain devices such as wearable devices, in mMTC relatively high data rate devices should be also considered in addition to very low data rate devices. Generally, NR mMTC design should be able to support different UE capabilities including bandwidth capabilities. Though supporting flexible bandwidth is generally necessary for NR design regardless of usage scenarios, in mMTC, very small bandwidth capabilities with extreme coverage enhancement (and thus generally requires long and continuous transmission) should be also considered which will challenge sharing of synchronization signals and multiplexing with other usage scenarios such as eMBB. In addition, there are also many mMTC devices which can satisfy the minimum required system bandwidth of NR carrier or can access the shard synchronization signals. Thus, both stand-alone mMTC scenario (i.e., no dynamic multiplexing with different usage scenario or numerology) and inband mMTC scenario (i.e., inband multiplexing with different usage scenario or numerology). 
Proposal 1: Scalable bandwidth should be considered in mMTC design to support various types of applications and forward compatibility.

Proposal 2: In terms of multiplexing of mMTC with other scenarios, consider both stand-alone and inband multiplexing cases.

Coexistence
In Rel-13 NB-IoT, it was considered to support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation. Likewise, there can be various types of mode in mMTC for NR. For the mMTC devices for NR, it seems necessary to support at least two types of operation mode, in-band and stand-alone. In case of in-band operation, synchronization signal of eMBB and/or URLLC can be transmitted on wider bandwidth than mMTC. In Rel-13 NB-IoT and Rel-13 eMTC, reduced bandwidth was considered to support UEs that has small bandwidth capability, 1.4MHz for eMTC and 180kHz for NB-IoT. In these reduced bandwidth capabilities, synchronization signal is constrained on small bandwidth size. However, the common idea for synchronization is that more reliable performance can be achieved as wider bandwidth is used. Likewise, synchronization performance can be degraded if mMTC for NR support narrowband operation. If there is a device which can support wideband operation, wideband synchronization should be allowed to the device. One of the possible solutions is using synchronization signal of eMBB. At least UE supporting larger than minimum bandwidth can share the same synchronization signal with eMBB. 
Proposal 3: At least devices supporting larger than minimum bandwidth of eMBB can share the same synchronization signal with eMBB in a NR carrier.

3. Conclusions

In this contribution, we discussed several aspects for mMTC design for NR. The proposals of the contribution are as follows:

Proposal 1: Scalable bandwidth should be considered in mMTC design to support various types of applications and forward compatibility.

Proposal 2: In terms of multiplexing of mMTC with other scenarios, consider both stand-alone and inband multiplexing cases.

Proposal 3: At least devices supporting larger than minimum bandwidth of eMBB can share the same synchronization signal with eMBB in a NR carrier.
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