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1. Introduction
Machine type communications (MTC) is currently included in 5G scope (71st RAN plenary meeting, March 2016) [1]: it is thought that study for a new 5G radio access technology should target a single technical framework addressing a range of use cases, among which massive MTC (mMTC) is included alongside eMBB and URLLC.
This contribution discusses considerations in terms of the efficient standardization of mMTC in 5G RAT.

2. Discussions on 5G mMTC
Currently, there are vigorous discussions on the 5th generation of radio access technology which would enable a variety of use cases to be supported, where each use case can generally be categorised into mMTC, eMBB or URLLC. These use cases require drastically different technical performances in terms of latency, data rate, massive connectivity, low power consumption and so on [2].
	
	eMBB
	URLLC
	mMTC

	Data Rate
	Very high
(e.g. peak rate 10 Gbps)
	Not much considered
	Not much considered

	Latency
	Low
	Very Low
(e.g. 1 ms end-to-end)
	Not much considered

	Mobility
	0km/h to 500km/h
	Not much considered
	Not much considered

	Reliability
	Not much considered
	Very High
(e.g. Packet loss rate: as low as 1e-04)
	Not much considered

	Power Consumption
	Not much considered
	Not much considered
	Very Low

	Connection Density
	High
(e.g. 200-2500 UEs/km2)
	High
(e.g. 10k sensor /10km2)
	Very High
(e.g.1M connections/ km2)



Table 1. Performance requirements of 5G services, i.e. eMBB, URLLC and mMTC 
To support those diverse types of services efficiently, it is introduced in the discussion of 5G framework design [3] to multiplex those different technologies simultaneously in a single unified radio frame. By using the approach in 5G RAT, we can expect a few of benefits such as more flexibility and bandwidth efficiency. 

Figure 1. Multiplexing example of the different 5G services within a single unified radio frame
In fact, this approach was already introduced in 4G RAT in the field of MTC such as NB-IoT and eMTC. However, due to not considering the unified design from early stage, eMTC showed inefficiency such as avoiding some channels (e.g. PDCCH, RS) for normal LTE operation. Likewise, similar problems were observed in NB-IoT from the perspective of inter-RAT interference and bandwidth inefficiencies accrued from having guard band to prevent the inter-RAT interference and from not using some channels (e.g. CRS, PDCCH) of mother LTE. Actually, all those problems stem from late consideration, which means that we did not consider those inband operations for eMTC or NB-IoT from the early stage when designing the 4G LTE framework.
[bookmark: _GoBack]Therefore, to minimize the side effects at least in 5G, it is desirable to consider those unified framework from the early stage, i.e. Phase I. Otherwise, at least to implement those inband operations in Phase II, it is required to design Phase I in the way of future proof. For example, NR is expected to support common signals (synchronization, broadcast channel and service-agnostic common control signals) for all UEs for all service types with common “default” numerology to be used within an operating frequency band. As an example of future proofness, the common signals can be designed considering potential introduction of mMTC that typically requires narrow band operation in a later stage. 
Proposal 1. RAN should consider mMTC as part of 5G new RAT from phase-1 or support future proofness for mMTC that will be introduced later. 

Besides, we also need to consider the perspective of efficient standardisation in the given time frame for NR. As already mentioned, performance requirements of 5G services are quite different depending on their applications [2]. In order to avoid work duplication in standardisation of different services (i.e. eMBB, URLLC, mMTC), each service category is recommended to have its own distinct set of performance requirements. For example, 5G mMTC may not need to consider very high data rate services in the order of tens of gigabits per second, or ultra low latency services. 
In addition, it is expected that a number of competing technologies would be already deployed and commonly used around 2020, the commercialization target of NR. It would be required to differentiate 5G mMTC from competing technologies from performance perspectives, to make its introduction more attractive. Supporting further performance enhancements, e.g., increased massive number of connections in 5G mMTC as shown in Table 1 would be a good example that differentiates 5G from existing generations of techniques (e.g. 4G).
Proposal 2. 5G mMTC standard should be differentiated with other 5G services (i.e. eMBB, URLLC).
Proposal 3. 5G mMTC needs to support reasonable performance enhancements compared to previous MTC technologies (e.g. eMTC, NB-IoT or Rel.14 MTC/NB-IoT).

3. Summary
In this contribution, we made the following proposals for efficient 5G mMTC standardization:
Proposal 1. RAN should consider mMTC as part of 5G new RAT from phase-1 or support future proofness for mMTC that will be introduced later. 
Proposal 2. 5G mMTC standard should be differentiated with other 5G services (i.e. eMBB, URLLC).
Proposal 3. 5G mMTC needs to support reasonable performance enhancements compared to previous MTC technologies (e.g. eMTC, NB-IoT or Rel.14 MTC/NB-IoT).
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