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Introduction
[bookmark: _Ref421460494]In Release 13, 3GPP specified two technologies, NB-IoT and eMTC for IoT/MTC cellular communication with coverage extension, longer battery life and low-complexity device. In Release 14, some new feature/services are introduced for both eMTC and NB-IoT, such as positioning services, multicast service, as well as higher data rate, mobility enhancement. 
In this paper, gaps of NB-IoT/eMTC for mMTC requirements and possible enhancement direction for Release 15, to bridge the gaps for mMTC requirement, are analyzed. 
Analysis for NB-IoT/eMTC for mMTC requirement
Technical Report (TR) 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies [1] identifies several key requirements for mMTC, namely:
· Coverage of 164 dB Maximum Coupling Loss (MaxCL).
· No more than 10 seconds latency with 164dB MaxCL. 
· UE battery life beyond 10 years, 15 years is desirable.
· Connection density of 1,000,000 devices per square km.
In general, NB-IoT and eMTC design targets align with key requirements for mMTC, however, there are still some gaps to be bridged. 
Coverage
The design target of NB-IoT is 164dB MCL with noise figure of 3/5dB at eNB and UE side. The MCL for eMTC is 155dB with noise figure 5/9dB respectively. Compared to the requirement of mMTC, there are still 2~4dB and 9dB coverage gap for NB-IoT and eMTC. There are some margins of max repetition number for both of systems, which may bridge the gap for NB-IoT system. For eMTC, uplink PSD boosting (e.g., single tone transmission) can help to improve the coverage. However, common channels/signals (e.g., PSS/SSS, MIB, PRACH) may be the bottleneck for eMTC. One possible solution may be allowing eMTC device to use NB-IoT common channels/signals in extreme coverage mode. 
Observation 1: Compared with coverage requirement for mMTC, some gap is expected at least for eMTC.
Latency
In NB-IoT study phase, it had been studied that less than 10 seconds latency requirement for uplink exception report can be met [2]. Moreover, in [3] and [4], some preliminary evaluation results were provided for NB-IoT, from which, latency requirement (9.55 and 9.90 seconds for guardband and inband mode are respectively) can be met for RRC Resume with 3/5dB noise figure. However, in real system, some constrain is expected, for example, NPDCCH period. NPDCCH period T = G* Rmax, where G = 1.5, 2, … 64. Referring to the data and signalling flow for NB-IoT RRC Resume in [4]( as Figure 1), each DL reception or UL transmission needs at least one NPDCCH period. Therefore, at least 9 NPDCCH periods are needed to finish the whole signalling flow after NPRACH. Assuming Rmax = 512, without counting DL and UL data transmission, at least 512*1.5*9 = 6912ms are needed. This means, it barely can meet <10 seconds latency requirement with current signalling flow. Therefore, reducing signalling flow, or enable SPS (reduce the need of NPDCCH) is needed to achieve <10 seconds latency requirement. 
With wider RF bandwidth for eMTC, DL reception time for unicast channel is expected to be much shorter. To achieve 164dB MCL, reception time for DL common channel may be much longer, as well as the transmission time for uplink.  Uplink PSD boosting can help to reduce transmission time. Reducing signalling flow can also adapt to eMTC system to further reduce latency. 
Observation 2: Considering NPDCCH period constrain, NB-IoT barely can meet <10 seconds latency. Reducing signaling flow or enable SPS (reduce the need of NPDCCH) is needed to reduce latency. 
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[bookmark: _Ref425337423]Figure 1: Data and signalling flow used to model NB-IoT RRC Resume battery performance [4]. 
Battery life
Similarly, in NB-IoT study phase [2] and some reference papers [3][5], NB-IoT can meet the requirement of 10 years battery life with 3/5 dB noise figure assumption. If consider 5/9dB noise figure, some gap is expected for 10 years (>10.4 years battery life based on the evaluation in [3] and [5]). Some techniques can help to reduce UE power consumption, for example, reducing signalling overhead. 
For eMTC, DL reception time is expected to be much shorter than NB-IoT (~ 1/6 with 6 PRB). With uplink PSD boosting, the uplink transmission time is expected to be similar as NB-IoT. As analysis above, common channels/ signals may be the bottleneck.  
Observation 3: If consider 5/9dB noise figure, some gaps are expected on 10 years battery life target for NB-IoT. 
Connection density
The design target for NB-IoT is 52 547 devices per 0.86 Sq Km (61 101 per square km) per 200kHz spectrum [6]. Although with more carriers, the connection density target seems can be met, the package arrival rate in TR 45.820 [6] is too low: 
· The number of MAR periodic sessions (The information exchange due to the initiation of a MAR periodic or NC attempt is referred to as a "session") generated per sector per day is expressed as:



where  is the number of device configured per sector.
· The total number of network command sessions generated per sector per day is expressed as:



The total number of sessions generated per sector during per day is , which means each device has only 11.2 session per day. The study for NB-IoT in TR 45.820 mainly focused on metering traffic. However, for next generation mMTC, the traffic model will be quite diverse, and much denser package rate is expected. Therefore, enhancement to improve connection density is needed. In the meanwhile, Rel-15 NB-IoT/eMTC enhancement shall strive for higher TRPx spectral efficiency. 
In the study on ‘New Radio Access Technology’ for multiple access techniques in RAN 1, it had been observed that “Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation”. This is also valid under NB-IoT frame work, as well as for eMTC. Therefore, NOMA can be considered as one of promising techniques to improve connection density for NB-IoT/eMTC system for next release. 
Observation 4: The traffic model for NB-IoT capacity evaluation is too sparse targeting for mMTC traffic. Enhancement to improve connection density is needed for NB-IoT/eMTC in next Release, striving for a higher TRPx spectral efficiency. NOMA can be considered to improve connection density.
Conclusion
In this contribution, analysis on NB-IoT/eMTC enhancement for mMTC was provided: 
Observation 1: Compared with coverage requirement for mMTC, some gap is expected at least for eMTC.
Observation 2: Considering NPDCCH period constrain, NB-IoT barely can meet <10 seconds latency. Reducing signaling flow or enable SPS (reduce the need of NPDCCH) is needed to reduce latency. 
Observation 3: If consider 5/9dB noise figure, some gaps are expected on 10 years battery life target for NB-IoT. 
Observation 4: The traffic model for NB-IoT capacity evaluation is too sparse targeting for mMTC traffic. Enhancement to improve connection density is needed for NB-IoT/eMTC in next Release, striving for a higher TRPx spectral efficiency. NOMA can be considered to improve connection density.
Based on the above observations, we propose to further study the techniques to enhance NB-IoT/eMTC targeting to mMTC requirements. Non-orthogonal MA under NB-IoT/eMTC framework can be considered without impact to legacy UEs. Reduce of signaling flow/overhead to meet latency requirement and improve UE battery life. 
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