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Discussion/Decision
1 Introduction
At the 3GPP TSG RAN#71 meeting, new study item description regarding the “Study on New Radio Access Technology” was approved [1]. The objective of this new study item is to develop a “New Radio (NR)” access technology which provides a broad range of vertical services such as enhanced mobile broadband (eMBB), massive MTC (mMTC) and ultra-reliable low-latency communications (URLLC) in a single technical framework. Among the three vertical services, this contribution discusses the design aspects of mMTC for NR.
2 Discussion
KPI requirements for mMTC
TR38.912 [1] specifies definitions of all key performance indicators (KPI) considered for NR. Among them, mMTC related KPIs are coverage, UE battery life and connection density and detailed descriptions are described in the below table.

Table 1: KPI for mMTC.
	KPI
	Descriptions

	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.


As discussed during Rel-13 eMTC and NB-IoT, extended coverage, longer UE battery life and massive connection density are key requirements for the success of Internet-of-Things (IoT) services. Some of IoT devices (e.g. smart sensors, actuators, etc.) are possibly located in basements of buildings or, in general, underground. In this case, not only these devices cannot have enough link budget even for low data rates, but it is hard to frequently recharge or change a battery of the device. Also, due to the various use cases of IoT services, there will be many mMTC UEs in a cell. Therefore, from a network perspective, how to support connections with a massive number of IoT devices is an issue. If an eNB uses same operations as used for eMBB UEs for initial access, data scheduling, etc., the eNB would consume time-frequency resources inefficiently. Finally, even though it is not specified as KPI for mMTC UEs in TR38.912 [1], UE complexity is also important, it is one of objectives for Rel-13 eMTC and NB-IoT, and should be taken into account in the design of mMTC for NR.
Some of these requirements can be complementary or conflicting. For example, for extended coverage, advanced transmission/reception schemes such as advanced antenna techniques could be used by an eNB for mMTC UEs to reduce the number of repetitions required to meet coverage. Nevertheless, considering 164 dB MCL as target coverage for NR, which is 8.3 dB greater than the MCL considered for eMTC, the advanced antenna techniques alone are not enough to meet the coverage requirement and repetitions will be needed for an mMTC UE in a noise limited scenario. However, repetitions inevitably consumes more UE transmit power due to an increased transmission/reception interval and reduce spectral efficiency. Therefore, careful design of mMTC is necessary to satisfy all respective key requirements. 

Proposal 1: mMTC should be designed to satisfy all respective key requirements such as extended coverage, longer battery life time, massive connection density, and reduced UE complexity. 

Design principle for mMTC

NR should consider forward compatibility from the initial phase of NR design. For forward compatibility, several techniques are considered such as a removal of wideband transmissions (e.g. PDCCH, PHICH, PCFICH and CRS) and/or a self-contained structure. These techniques should also be taken into account for the mMTC design.
One of motivations for the removal of wideband transmissions comes from Rel-13 eMTC and NB-IoT. eMTC and NB-IoT use only small portion of bandwidth compared to the LTE system bandwidth to reduce the UE cost/complexity while LTE has wideband transmissions in every subframe. Therefore, eMTC and NB-IoT strived to avoid collision with legacy signals and this complicated the integration of eMTC and NB-IoT into the LTE framework. If wideband always-on transmissions are removed for NR, integration of mMTC into NR framework can be easier and design of physical channels and signals targeting mMTC UEs can be optimized. For example, independent to other vertical services, reference signal (RS) design can be optimized to have less density when channel is static and an mMTC UE is located in normal coverage. Conversely, if the mMTC UE is in noise limited situation, a dense RS can be transmitted to increase the channel estimation accuracy.

Observation 1: Removal of wideband transmission is beneficial for the integration of mMTC into a carrier bandwidth for NR.

Proposal 2: The transmission of physical channels for mMTC is mutually independent from the transmission of physical channels for other vertical services. 
On the other hand, a self-contained structure that is also considered for forward compatibility, has critical impacts on mMTC. A self-contained subframe is defined as a subframe that includes a downlink period, an uplink period and a guard period (GP) within the subframe. It may be beneficial in terms of the forward compatibility since DCI transmission, downlink data transmission, HARQ feedback and uplink data transmission can be confined within a same time interval. However, self-contained subframe requires tighter processing and switching time constraints on the UE and the eNB. In a self-contained subframe, GP may have a reduced duration compared to GP in LTE special subframe. Reduced GP means that a UE has less time for decoding scheduling information and switching from downlink reception to uplink transmission and this increases UE complexity. Also, a self-contained subframe is not beneficial considering uplink coverage since the uplink part of the self-contained subframe is less that the whole subframe. Finally, a self-contained subframe makes it difficult to multiplex mMTC and other vertical services (e.g. eMBB or URLLC) within a carrier bandwidth. If eMBB or URLLC uses relatively short downlink and uplink period while mMTC uses a longer downlink and uplink period for coverage extension, it can be possible that the eNB has to receive an uplink signal and transmit a downlink signal at the same time and therefore require full duplex operation. Therefore, a self-contained subframe may not be appropriate for mMTC.
Proposal 3: For adopting the self-contained subframe for mMTC, careful consideration is required in terms of UE complexity, coverage and multiplexing with other vertical services.

Considering narrow UE bandwidth compared to a carrier bandwidth, it is appropriate to have separate synchronization signals and broadcast channels for mMTC UEs. From the study in Rel-13 eMTC [2], it was known that the reduced bandwidth can be beneficial for reducing UE complexity. For this reason, eMTC and NB-IoT have reduced transmission and reception bandwidth of 1.4 MHz (6 RBs) and 180 KHz (1 RB), respectively, regardless of a system bandwidth. On the other hand, it is generally known that wider bandwidth is more beneficial for synchronization signals and broadcast channels since it enables more accurate timing estimation and frequency diversity. Therefore, for eMBB and URLLC, it is preferred to have a wider bandwidth for synchronization signals and for broadcast channels to obtain more performance gains from wideband transmission. For mMTC, since low UE complexity is one key requirement, it is preferable to design separate synchronization signals and broadcast channels with have narrow transmission bandwidth. In this case, performance loss from narrow bandwidth transmission for synchronization signals and broadcast channels should be compensated properly with repetitions. 

Proposal 4: Synchronization signals and broadcast channels should be separately designed between mMTC and eMBB/URLLC. 

3 Conclusion

This contribution discusses the design aspects of mMTC for NR and proposed the following.

Proposal 1: mMTC should be designed to satisfy all respective key requirements such as extended coverage, longer battery life time, massive connection density, and reduced UE complexity. 

Proposal 2: The transmission of physical channels for mMTC is mutually independent from the transmission of physical channels for other vertical services. 

Proposal 3: For adapting the self-contained subframe for mMTC, careful consideration are required in terms of UE complexity, coverage and multiplexing with other vertical services.

Proposal 4: Synchronization signals and broadcast channels should be separately designed between mMTC and eMBB/URLLC. 

In addition, the following observation is made:
Observation 1: Removal of wideband transmission is beneficial for the integration of mMTC into a carrier bandwidth for NR.
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