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1 Introduction
New multiple access schemes are discussed in New Radio study item. Several new multiple access schemes are proposed, targeting to improve capacity and better support grant-free/contention based uplink. A LS [1]  is agreed in RAN # 72, 

Within the scope of the NR Study, NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case.  

In this contribution, we analyze the enhancement of Rel-13 SC-PTM to support coverage enhancement, including the narrowband operation, support of NPDCCH. 
2 Design target for mMTC
In recommendation of ITU-R [1], one of the objective for IMT 2020 and beyond is:

Future IMT systems are expected to connect a large number of M2M devices with a range of performance and operational requirements, with further improvement of low-cost and low-complexity device types as well as extension of coverage.
In TR 38.913 [3], scenarios and requirements are summarized targeting to 5G. For mMTC, the requirements related to low-cost and low-complexity device types are:

· Massive connection (1 000 000 device/km2 in urban environment)

· UE battery life (beyond 10 years and 15 years is desirable)
· Ultra-low cost network infrastructures, ultra-low cost devices, and ultra-low cost operation
· Extended coverage (164dB MCL for a data rate of 160bps)
In 3GPP LTE-Advanced, NB-IoT is designed to address the growing LPWA market, which the design target of low complexity device, 10 years battery life, extended coverage to 164dB. And based on the preliminary simulation and analysis in [4], it also can meet the requirement of massive connection with aggregating more 200kHz channels. In addition, considering the lifetime of machine types devices, and potential fragmentation of MTC market, the new air interface for mMTC in NR shall provide significant gain compared to NB-IoT. Otherwise, mMTC shall take NB-IoT as a baseline design.  The evaluation of the new techniques shall at least include:
· Connection density
· Per UE data rate and spectral efficiency at given MCL (i.e., 144dB, 154dB and 164dB)
· UE power consumption (PAPR for uplink)
· UE complexity/cost
Proposal #1: The new techniques for mMTC should provide significant gain compared with NB-IoT/eMTC. 
3 Evaluation Metric
3.1 Performance in coverage extension mode
Base on the study on NB-IoT and eMTC, UEs in extended and extreme coverage needs a lot of radio resource. Although the amount of UEs in extended and extreme coverage is not large, but they consume nearly half or more than half radio resource.  Therefore, evaluation of the system needs take UE in extended and extreme coverage into account. As discussed in [5], building penetration loss needs to be added for system level simulation. 
Proposal #2: Building penetration loss is added in channel model in system level evaluation for mMTC. 

3.1.1 Data rate and MCL
For link level evaluation, the performance in extended and extreme coverage shall be evaluated. Based on the experience of NB-IoT and eMTC study, data rate in a given MCL can be the metric for different techniques.  An example of data rate v.s. MCL curve is shown as Figure 1 in appendix. 
Proposal #3: Performance in coverage extension (i.e., 154dB, 164dB) should be evaluated and benchmarked with NB-IoT/eMTC. Data rate v.s. MCL curve can be used as a metric. 
3.1.2 Spectral efficiency and MCL

Many non-orthogonal multiple access schemes are proposed for mMTC, especially for grant-free/contention based uplink. Sum throughput v.s. SNR at given BLER level under different overloading factor is agreed to be one of the metric for uplink multiple access scheme [6]. However, in order to have a more comprehensive evaluation on a technique, both normal coverage and extended coverage should be evaluated. 

Different multiple access schemes may have different settings. e.g., data rate, resource block, power allocation, code rate. For example, power domain multiple access may benefit from power offset (SNR offset). It is hard to show a sum throughput v.s. SNR curve with different SNR for different settings. In addition, it is because of link budget shown as a SNR offset at receiver side. Sum throughput v.s. average MCL at given BLER (e.g. 0.1) is more reasonable than sum throughput v.s. average SNR because for highly overloading case, some UE may not achieve 10% BLER. The calculation of Sum throughput and average MCL can be found as below:
· Sum throughput is calculated as sum(TBS+CRC)/transmission time/occupied BW. 

· Average MCL is averaged MCL of each UE, where the MCL of each UE is calculated with per UE required SINR at given BLER (e.g. 0.1) plus power offset (if 3dB lower power than the reference UE, 3dB is added back to MCL).
An example of sum throughput v.s. MCL curve is shown as Figure 2 in appendix.
Proposal #4: Spectral efficiency in both normal coverage and extended coverage level should both be evaluated and benchmarked with NB-IoT/eMTC.  Sum throughput v.s. MCL can be used as a metric.
3.2 PAPR/Cubic Metric

PAPR has significant impact on PA efficiency, thus impacts on UE power consumption. For waveform evaluation, PAPR and CM is one of the metrics. As we all known, multiple access schemes may also have impact on PAPR/CM. As discussed in [7], some multiple access schemes with frequency domain operation may increase PAPR. Therefore, PAPR/Cubic metric shall also be evaluated for multiple access schemes at least for mMTC. Compared with NB-IoT, the PAPR of new waveform and new multiple access scheme shall not have a PAPR higher than NB-IoT. That is, 7.8dB for normal coverage with multi-tone and 1dB for extended coverage with single tone [7]. 
Proposal # 5: PAPR and CM of NR for mMTC should not be higher than NB-IoT, especially in extended coverage.
3.3 Device complexity/cost 
To provide a low-cost and low-complexity device for M2M market is another design goal. Base on the study of (e)MTC and NB-IoT, BOM cost shall be taken into account, for example RF bandwidth, complexity of  encoder/decoder. The BOM cost of low end mMTC device in NR needs be benchmarked with NB-IoT/eMTC.
In addition, all the performance gain needs to be carefully traded off with device complexity/cost. The complexity shall be the important criterions for down selection.  We should strive for single solution for all the scenarios (e.g, normal coverage and extended coverage) and operation modes (e.g., standalone and inband deployed with eMBB/URLLC). 
Proposal #6: The BOM cost of low-end mMTC device in NR needs to be benchmarked with NB-IoT/eMTC.

Proposal #7: Single solution is strived for all the scenarios (e.g., normal coverage and extended coverage) and operation modes (e.g., standalone and inband deployed with eMBB/ URLLC).
4 Conclusion

In this paper, we discussed evaluation methodology for mMTC. We proposed that: 
Proposal #1: The new techniques for mMTC should provide significant gain compared with NB-IoT/eMTC. 

Proposal #2: Building penetration loss is added in channel model in system level evaluation for mMTC. 

Proposal #3: Performance in coverage extension (i.e., 154dB, 164dB) should be evaluated and benchmarked with NB-IoT/eMTC. Data rate v.s. MCL curve can be used as a metric. 

Proposal #4: Spectral efficiency in both normal coverage and extended coverage level should both be evaluated and benchmarked with NB-IoT/eMTC.  Sum throughput v.s. MCL can be used as a metric.

Proposal # 5: PAPR and CM of NR for mMTC should not be higher than NB-IoT, especially in extended coverage.

Proposal #6: The BOM cost of low-end mMTC device in NR needs to be benchmarked with NB-IoT/eMTC.

Proposal #7: Single solution is strived for all the scenarios (e.g., normal coverage and extended coverage) and operation modes (e.g., standalone and inband deployed with eMBB/ URLLC).
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Figure 1 Example of data rate v.s. MCL curve
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Figure 2 example of spectral efficiency v.s. MCL
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