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Introduction
In RAN#75 a new work item on even further enhanced MTC (efeMTC) was approved [1], with one of the objectives to increase UL spectral efficiency. In RAN1#89 meeting, the techniques to increase PUSCH spectral efficiency were discussed with the following agreements [2]. 
Agreement:
· MU-MIMO enhancements will not be specified as part of this WI.
· At least one of the following techniques to improve UL spectral efficiency will be supported as part of this WI:
· Sub-PRB allocation (with or without increased DMRS density)
· CDMA (with or without increased DMRS density)
In this contribution, the remaining issues of sub-PRB allocation for PUSCH is discussed.
Discussion 
Sub-PRB allocation of eMTC is one of the techniques to improve PSUCH spectral efficiency. And it is agreed that this method should be specified during last meeting. However, whether to keep the legacy TTI length or adopt the resource unit (RU) concept in NB-IoT is not decided yet. The following will focus on the differences between the two methods.

Observation 1 Under sub-PRB allocation situation, if the transport block was mapped into a TTI lasting for 1ms in time domain, it would result in larger CRC overhead compared to be mapped into a resource unit (RU). 
Taking 1 subcarriers allocations for example, the total bits per TTI (1ms) using QPSK are (1subcarrier)*(12 user data symbols)*(2 bits per RE) =24bits. As the CRC is 24bit-long, so the CRC overhead is 24*100%/24=100%. If the resource unit (RU) concept in NB-IoT is adopted, the transport block would be mapped into 8ms in time domain. The total bits using QPSK are (1subcarrier)*(12*8 user data symbols)*(2 bits per RE) =192bits, while the CRC overhead is 24*100%/192=12.5%. At most cases, the eMTC services need repetitions, it is obvious that repeat too many CRC bits is meaningless as CRC bits used for error checking. 

Observation 2 Under sub-PRB allocation situation, if the transport block was mapped into a  lasting for 1ms in time domain, it would result in larger RLC header and MAC header overhead compared to be mapped into a resource unit (RU). 
Still taking 1 subcarrier allocation for example, when the legacy TTI length is kept, the maximum transport block size (TBS) would be constrained as only 24bits data could be transmitted in 1ms. When the UE carries a service data larger than 100bits, the service data have to be segmented into several parts (~maybe 5) in RLC layer according to the grant. Each part would add a RLC header and MAC header before arriving at physical layer. However, if resource unit (RU) concept in NB-IoT is adopted, the maximum transport block size (TBS) would be larger than keeping legacy TTI. Less segments are produced, leading to less RLC header and MAC header. 

Observation 3 If the resource unit (RU) design in NB-IoT was applied, 3 subcarriers allocation may be the suitable choice.
According to the resource unit (RU)design in NB-IoT, 1 subcarrier allocation corresponds to 8ms in time domain, 3 subcarriers allocation corresponds to 4ms and 6 subcarriers allocation corresponds to 2ms respectively. The CRC overhead of 1 subcarrier allocation is 12.5% while the CRC overhead of 3 subcarriers and 6 subcarriers is 8.3%. The spectral efficiency increases to 1200%, 400% and 200% by employing 1 subcarrier, 3subcarriers and 6 subcarriers respectively. In terms of CRC overhead and spectral efficiency, at least 3 subcarriers allocation should be supported. 


[bookmark: OLE_LINK3]Proposal 1: Considering CRC, RLC and MAC header overhead, the resource unit (RU) concept and design in NB-IoT should be adopted.
Proposal 2: If the resource unit design in NB-IoT was adopted, at least sub-PRB allocation consisting of 3 subcarriers should be supported.
Proposal 3: If legacy TTI length was adopted, sub-PRB allocation consisting of 1 subcarrier should be excluded due to the constraint on TBS.
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This contribution observes on the differences between transport block to be mapped into legacy TTI length and to be mapped into resource unit (RU) mechanism in NB-IoT. And we propose that:
Proposal 1: Considering CRC, RLC and MAC header overhead, the resource unit (RU) concept and design in NB-IoT should be adopted.
Proposal 2: If the resource unit design in NB-IoT was adopted, at least sub-PRB allocation consisting of 3 subcarriers should be supported.
Proposal 3: If legacy TTI length was adopted, sub-PRB allocation consisting of 1 subcarrier should be excluded due to the constraint on TBS.
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