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Introduction
In the RAN#75 plenary meeting, a Rel-15 work item on “Even further enhanced MTC for LTE” was approved [1]. One of the objectives is to increase PUSCH spectral efficiency. In this contribution we share our views on sub-PRB resource allocation for increased PUSCH spectral efficiency.

Discussions
Sub-PRB resource allocation 
In the present LTE, the minimum resource allocation is one PRB for MTC PUSCH. When UEs in larger coverage enhancement, the maximum transmission power is used for PUSCH which is limited by regulation. So it is hard to improve the power spectral density. However, if the minimum resource allocation is less than 12 subcarriers (i.e., support sub-PRB), the EPRE will be improved with the same transmission power on less subcarriers. The increased EPRE for DMRS will improve the channel estimation. Then the spectral efficiency will be improved.
In addition, sub-PRB resource allocation can increase the number of UEs frequency-multiplexed within a PRB. In TR 38.913 [2], it is required to support connection density of 1,000,000 devices per square km for the Next Generation Access Technologies. It has also been agreed to include LTE, i.e. eMTC and NB-IoT, as part of the 3GPP IMT 2020 submission to ITU [3]. So sub-PRB resource allocation is an important feature for Rel-15 MTC to support a large number of connections.
Therefore we propose sub-PRB resource allocation should be supported for increased PUSCH spectral efficiency. 
Proposal 1:
· Sub-PRB resource allocation should be supported for increased PUSCH spectral efficiency.
Multi-tone transmission
In NB-IoT, NPUSCH supports single tone and multi-tone transmissions. Single tone transmissions are supported based on frequency domain Sinc pulse-shaping with a cyclic prefix inserted. Multi-tone transmissions are supported based on SC-FDMA which is the same as PUSCH in MTC. If MTC PUSCH supports single tone transmissions, modifications should be done in the hardware. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In addition, MTC and NB-IoT are applied to different use cases. NB-IoT is focused on low end markets with a low data rate, ultra-low complexity and stringent requirements on battery life and coverage. While MTC is focused on slightly more advanced markets with a higher data rate and higher demand on latency. So it is not necessary for MTC to support a very low data rate with single tone transmissions.
Therefore, we think single tone transmissions are not supported for sub-PRB resource allocation for MTC PUSCH.
Proposal 2:
· Only multi-tone transmissions are supported for MTC PUSCH.
Activation of sub-PRB resource allocation 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]PUSCH can be used for uplink transmissions before RRC connected and after RRC connected. If sub-PRB resource allocation is supported for Msg3 and its subsequent PUSCH, UE should let eNB know whether it supports the feature of sub-PRB resource allocation by Msg1, then eNB can activate this feature by RAR message. This needs some specification efforts.
If only UEs in RRC connected support sub-PRB resource allocation, eNB can activate this feature by UE-specific RRC signalling. Then the specification efforts will be less than the feature supported for Msg3. However, the transmissions of Msg3 and its subsequent PUSCH before RRC connected cannot enjoy the benefits from sub-PRB resource allocation. So we think further study is needed to support sub-PRB resource allocation for Msg3 and its subsequent PUSCH before RRC connected.  
Proposal 3:
· [bookmark: OLE_LINK22]Whether sub-PRB resource allocation supported for Msg3 transmission needs further study.

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· Sub-PRB resource allocation should be supported for increased PUSCH spectral efficiency.
Proposal 2:
· Only multi-tone transmissions are supported for MTC PUSCH.
Proposal 3:
· Whether sub-PRB resource allocation supported for Msg3 transmission needs further study.
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