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Introduction
In eMTC, current minimum allocation granularity for PUSCH is one RB. This is not every efficient in deep coverage scenario or in high SNR scenario with small data rate. In this contribution, we discuss sub-RB allocation for PUSCH by adopting NPRACH design in NB-IOT to increase PUSCH spectral efficiency. 

Discussion 
In NB-IOT, sub-RB allocation for NPUSCH is allowed. A resource unit of 1, 3, 6, 12 tones are supported. In deep coverage scenario sub-RB allocation of PUSCH allows more UEs to be multiplexed in the same RBs and hence increases the user capacity. The details of the spec is copied here for convenience [1]: 
<36.213>
The resource allocation information in uplink DCI format N0 for NPUSCH transmission indicates to a scheduled UE
· 
a set of contiguously allocated subcarriers () of a resource unit determined by the Subcarrier indication field in the corresponding DCI, 
· 
a number of resource units () determined by the resource assignment field in the corresponding DCI according to Table 16.5.1.1-2,

The subcarrier spacing  of NPUSCH transmission is determined by the uplink subcarrier spacing field in the Narrowband Random Access Response Grant according to subclause 16.3.3.




For NPUSCH transmission with subcarrier spacing, where  is the subcarrier indication field in the DCI. is reserved.



For NPUSCH transmission with subcarrier spacing, the subcarrier indication field () in the DCI determines the set of contiguously allocated subcarriers () according to Table 16.5.1.1-1.

Table 16.5.1.1-1: Allocated subcarriers for NPUSCH with .
	
Subcarrier indication field ()
	
Set of Allocated subcarriers () 

	0 – 11
	


	12-15
	


	16-17
	


	18
	


	19-63
	Reserved




Table 16.5.1.1-2: Number of resource units () for NPUSCH.
	

	


	0
	1

	1
	2

	2
	3

	3
	4

	4
	5

	5
	6

	6
	8

	7
	10



</36.213>
In eMTC, we have the similar deep coverage scenario but current minimum resource allocation granularity is still limited to one RB. Due to power limitation, allocating more bandwidth will not increase data rate in deep coverage scenario. Correspondingly reducing resource allocation to sub-RB allocation will not degrade a UE’s data rate but may allow more UEs to be multiplexed in the RBs with FDM. It is therefore desirable to add sub-RB allocation support to PUSCH in eMTC. 
Even in higher SNR scenario, a low data rate UE may have only small payload to transmit, and a full RB allocation could be over design for its setting. If sub-RB allocation is allowed, the UE may transmit its data with a 16QAM modulation and 3 tones only and still meet its performance requirement. The remaining fractional RBs may then be used for other UEs. This can significantly boost the system user capacity even in high SNR scenario. We therefore make the follow proposal: 
Proposal 1: Support sub-RB allocation in eMTC by adopting NPUSCH design in NB-IOT as baseline
· Allowable number of tones per resource unit: 1, 3, 6, and 12
· No support of 3.75KHz subcarrier spacing
· Consider further modulation enhancements e.g., 16QAM.
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In this document, we consider a possible way to increase PUSCH spectral efficiency by allowing the sub-RB allocation for PUSCH in eMTC similar to NB-IOT. In deep coverage scenario or in a high SNR scenario with low data rate, sub-RB allocation may allow more UEs to be multiplexed in the same RBs and hence increase system user capacity. We therefore make the following proposal:
Proposal 1: Support sub-RB allocation in eMTC by adopting NPUSCH design in NB-IOT as baseline
· Allowable number of tones per resource unit: 1, 3, 6, and 12
· No support of 3.75KHz subcarrier spacing
· Consider further modulation enhancements e.g., 16QAM.
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