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1. Introduction 
In RAN1#89, there was some down-scoping of the techniques for increasing the PUSCH spectral efficiency for efeMTC [1]. The following techniques remain to be considered, according to the RAN1#89 agreements:
· 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)

This contribution discusses our views on these remaining spectral efficiency improvement techniques. Given that sub-PRB allocation has the most advantages, the document further considers how sub-PRB allocation can be supported.
2. Discussion
2.1
Sub-PRB Allocation
Sub-PRB allocation has potential benefits at both the link level and system level. In addition to improving the UL spectral efficiency, link level benefits can improve the battery life, coverage and latency of efeMTC.
At the link level, there are two effects:
Lower PAPR. The lower PAPR associated with sub-PRB allocations allows the PA output power to be increased or for the PA to be operated at a higher efficiency. The ability to operate at a higher PA output power increases the data rate that can be supported per UE (in the low SNR region, the supported data rate is proportional to the SNR, and hence receiver power, according to Shannon’s theorem). An increased data rate per UE increases spectral efficiency. We expect the lower PAPR aspects of sub-PRB transmission to be studied in RAN4.
Link level gain. Even at the same output power (and ignoring the PAPR benefit of sub-PRB allocation), a link level gain is observed of between 0.7dB (3 subcarrier sub-PRB transmission) and 1.5dB (1 subcarrier sub-PRB transmission) [3, 7]. These link level gains were obtained for a 504 bit transport block mapped to a resource allocation unit that was spread over multiple subframes in the time dimension.
Power saving is important for efeMTC UEs, which cover a range of usage models from utility meters to smart meters and wearables, irrespective of the battery size and use case. UL transmission at the edge of coverage is one of the largest contributors to battery usage. Sub-PRB resource allocation with a single subcarrier offers a gain of 1.5dB: this corresponds to an increase in battery lifetime of approximately 40% or alternatively a decrease in the required size or capacity of the battery by up to 30% (allowing smaller form factor and / or cheaper devices). Hence the gains offered by sub-PRB resource allocation using a single subcarrier are significant and should be supported in the specifications.

When not at the edge of coverage, it is desirable to transmit at a higher rate (as transmission at a higher rate has power saving benefits when transmission overheads are considered), but still in the most efficient manner. Hence it is desirable to also support three and six tone sub-PRB allocation.

Proposal 1: sub-PRB PUSCH resource allocation supports single tone, three tone and six tone transmission.

System level gain. A system level gain is expected from:

· Resource packing. It is possible to multiplex more users into a finite amount of frequency resource when sub-PRB allocations are applied.
· Statistical multiplexing gains. The eNB has more possible ways of scheduling UEs with sub-PRB allocations than for whole PRB allocations. This may further increase the number of supportable UEs, providing statistical multiplexing gains.   

Current feMTC UEs and MTC eNodeBs are built around a PUSCH-based architecture. Although there are dual-mode MTC / NB-IoT UEs and eNodeBs in the market, the efeMTC standard should not make assumptions that all UEs and eNodeBs are dual-mode. 
The Rel-14 feMTC PUSCH transport channel and physical channel processing chains can be readily adapted to support sub-PRB based transmission through sub-carrier puncturing and rearrangement techniques [2]. The design and specification work required to implement an NPUSCH-like sub-PRB channel is significantly greater: such work does not only affect the transport and physical channel processing chains, but also impacts the UE and eNodeB software and timing architectures due to the different timing requirements of NPUSH, such as the longer TTI length.
Proposal 2: The Rel-15 efeMTC sub-PRB PUSCH is based on the Rel-14 feMTC PUSCH design.
2.2
CDMA
CDMA could increase the PUSCH UL spectral efficiency by multiplexing multiple UEs in the code domain on the same frequency resource [5][6]. However we consider that CDMA is not as attractive as sub-PRB allocation since:

· PAPR is not reduced when CDMA is applied, hence CDMA does not offer additional benefits of improved battery life, coverage and reduced latency.
· There is no inherent link level gain for CDMA, compared to the link-level gains that are feasible with sub-PRB allocation.

· CDMA is susceptible to the near-far problem. The near-far problem may be exacerbated for efeMTC UEs when a deep coverage UE with large repetitions may be multiplexed with many other UEs across its transmission time. Coverage enhanced UEs will be transmitting at maximum power and there is no way to control the relative receive power levels of UEs that are code multiplexed together.

· The specification impacts of CDMA may be significant when the full range of issues are considered, including allowance for SRS transmissions and invalid subframes, both of which may lead to loss of orthogonality of the CDMA OCCs.

In terms of UL spectral efficiency, the sub-PRB PUSCH appears to be preferable to CDMA. Sub-PRB transmission is also expected to provide gains in terms of battery life, coverage and latency. Hence sub-PRB PUSCH is preferable to CDMA.

2.3
Increased DMRS Density

Increasing the DMRS density can provide some small improvements in link level performance (a gain of approximately 0.3dB to 0.5dB is reported in [6]). Such link level performance gains equate to increased data rates of the order of 10% or less and hence lead to spectral efficiency gains of the order of 10%. 

The gains obtained by increasing DMRS density alone are not significant in the greater scheme of things. However DMRS density may be increased in conjunction with sub-PRB resource allocation. Hence increased DMRS density can be considered as an add-on feature to sub-PRB resource allocation, if it provides a gain in conjunction with sub-PRB resource allocation.

Proposal 3: Increased DMRS density is considered as an add-on to sub-PRB resource allocation, depending on its gains.

3. Transmission structure of sub-PRB transmissions

There are two broad approaches that can be applied to sub-PRB transmission:

· Alternative 1: Support a small transport block size and transmit at as low a coding rate as possible in a single TTI with RV cycling [8]. This maps a single transport block to a single subframe. In [8] it is proposed to allow transmission of a 144 bit TBS within a three-tone sub-PRB transmission. Allowing for RV cycling over 4 repetitions, a code rate of 0.583 is obtained.

· Alternative 2: Support a larger transport block size and map to an extended period of time, allowing for a large transport block size and a low coding rate. This is effectively the approach that NB-IoT takes. [2] describes a mechanism of supporting these extended-time transmissions with minimal hardware changes through sub-carrier puncturing and rearrangement techniques. A 504 bit transport block can be transmitted on a single tone over 12 TTIs. Allowing for RV cycling over 4 repetitions, a code rate of 0.46 is obtained.

The advantage of alternative 1 is the minimisation of specification changes.

Alternative 2 has several performance advantages over alternative 1, including:

·  Lower coding rate, providing higher coding gain
·  Larger transport block size, providing higher coding gain (this is a well known feature of Turbo codes)

·  Lower CRC overhead

·  Allows single-tone transmission, with the associated advantages in terms of PAPR and link level BLER performance (section 2.1)

In order to demonstrate the improved coding gain through the use of a larger transport block size and lower coding rate, we simulated Turbo coded transmissions with 24 bit CRCs in AWGN with ideal channel estimation and the following formats:

· TBS = 504 bits, code rate = 0.46

· TBS = 144 bits, code rate = 0.583

This choice of simulation assumptions allows us to compare the coding gain alone of these coding schemes, stripping away other effects (channel estimation performance, fading effects, resource element mapping etc). Figure 1 shows the simulated performance of these formats.
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Figure 1 – Coding gain comparison of large and small transport block size transmissions
If sub-PRB transmission were to restrict the UL transmissions to small transport block sizes and high coding rates, the inherent link-level gains from sub-PRB transmission would be overwhelmed by the loss associated with such inefficient transport formats (the simulation results of Figure 1 show a loss of 1.3dB associated with the small transport block size / higher coding rate of alternative 1). 

Observation: mapping a larger transport block size at a lower coding rate provides significantly more coding gain (of the order of 1.3dB) than use of a smaller transport block size at a higher coding rate.

Proposal 4: sub-PRB transmissions should be mapped to over multiple subframes.
In order to minimize hardware changes, our preference is that sub-PRB transmissions are formed through sub-carrier puncturing and rearrangement.

Proposal 5: sub-PRB transmissions are formed through sub-carrier puncturing and rearrangement.
4.   Conclusion

This Tdoc has discussed the remaining techniques that are to be considered for improved UL spectral efficiency, coming to the conclusion that sub-PRB resource allocation is the preferred way to improve UL spectral efficiency.
The following proposals are made:

Proposal 1: sub-PRB PUSCH resource allocation supports single tone, three tone and six tone transmission.

Proposal 2: The Rel-15 efeMTC sub-PRB PUSCH is based on the Rel-14 feMTC PUSCH design.

Proposal 3: Increased DMRS density is considered as an add-on to sub-PRB resource allocation, depending on its gains.

We observe that:

Observation: mapping a larger transport block size at a lower coding rate provides significantly more coding gain (of the order of 1.3dB) than use of a smaller transport block size at a higher coding rate.

Leading us to propose that:

Proposal 4: sub-PRB transmissions should be mapped to over multiple subframes.
Proposal 5: sub-PRB transmissions are formed through sub-carrier puncturing and rearrangement.
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