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In Rel-15, even further enhanced MTC for LTE work item (WI) is agreed as a working agreement to further enhance the performance of MTC in terms of further latency and power consumption reduction, improvement of spectral efficiency, improvement of load control and some new requirements [1]. 
Increased PUSCH spectral efficiency is a goal targeted in the WI as follows. 
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.
In this contribution, we discuss our point of view of how to improve the spectral efficiency of PUSCH in the context of MTC.  
Background
There are two coverage enhancement modes, i.e., Mode A and Mode B, are defined for the current LTE cat M devices, a.k.a eMTC devices. Coverage enhancement mode A is mandatory for all eMTC UEs, and it supports moderate coverage enhancement, whereas the optional mode B support very deep coverage. For the UL, in the current design, the minimum resource a UE can be allocated to is one PRB, and the use of repetitions is employed to enhance the coverage.  Mode A UEs support a maximum number of repetitions of 32 of PUSCH, and mode B UEs support a maximum number of repetitions of 2048 of PUSCH. Other coverage enhancement techniques, e.g., cross subframe channel estimation, frequency hopping, etc. are also used in eMTC for coverage enhancement. 
Sub-PRB resource allocation in PUSCH
As mentioned above, currently the minimum resource allocation for PUSCH in eMTC is 1 PRB. In previous studies [2], it is identified in bad coverage area, using small bandwidth can efficiently multiply more UEs in a given time, which improves the UL capacity. Some preliminary results of the UE throughput by using different number of subcarriers are given on Figure 1 and Figure 2. Figure 1 shows the case when smaller number of repetition is used (no repetition for 3 subcarriers, 2 repetitions for 6 subcarriers, and 4 repetitions for 12 subcarriers), where Figure 2 shows the case with larger repetitions (16 repetitions for 3 subcarriers, 32 repetitions for 6 subcarriers, and 64 repetitions for 12 subcarriers). Other simulation assumptions are given in the Annex. Notice that, at medium to high coupling loss, the use of 3, 6, and 12 subcarriers can achieve similar UE throughput. This is because in a power limited region, increase the power spectral density is an effective way to increase the data rate rather than increasing the bandwidth. However, as the coverage becomes good, using larger bandwidth is more beneficial to increase the throughput. Therefore, by using smaller bandwidth, more UEs can be served at the same time, without lowering the data rate. And hence improve total UL capacity, as shown on Figure 3. 
Observation 1 At medium to high coupling loss situations, using small bandwidth, i.e., using sub-PRB allocation, the throughput of a UE can be kept the same as using 1 PRB, while more UEs can be multiplexed at the same time. Therefore, the total UL capacity and throughput can be improved. 
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[bookmark: _Ref478144338]Figure 1: Throughput per UE of using different number of subcarriers vs coupling loss, with low number of repetitions
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[bookmark: _Ref478144346]Figure 2: Throughput per UE of using different number of subcarriers vs coupling loss, with high number of repetitions
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As pointed out in [3], another benefit of using sub-PRB resource allocation is to improve the power amplifier efficiency (PAE) because of the reduction of PAPR. As an example, if there is a 25% improvement of PAE, when the PA is at full power, an improvement of 19% in total UE power can be expected. This would reduce the rate at which a battery discharges, which can prolong the battery life [4]. 
Observation 2 UE battery life can be improved when employing sub-PRB due to improvement of PAE. 
Conclusions
Base on the above analysis and discussions, we have the following observations:
Observation 1 At medium to high coupling loss situations, using small bandwidth, i.e., using sub-PRB allocation, the throughput of a UE can be kept the same as using 1 PRB, while more UEs can be multiplexed at the same time. Therefore, the total UL capacity and throughput can be improved. 
Observation 2 UE battery life can be improved when employing sub-PRB due to improvement of PAE. 
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	Parameter
	Value

	Carrier Frequency
	900 MHz

	System Bandwidth
	Any

	Antenna
	1×2, low correlation

	Channel Model
	TU, 1 Hz Doppler

	Carrier Frequency Offset
	25 Hz

	TBS
	72 bits

	Cross-SF channel estimation filter length
	4 ms

	Frequency hop bandwidth
	No FH
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