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1. Introduction 
In RAN1#88bis, it was agreed to further study the following techniques for increasing the PUSCH spectral efficiency for NR [1]:
· Sub-PRB allocation

· PUSCH-based and NPUSCH-based designs can be considered.

· CDMA

· MU-MIMO

· Increased DMRS density

This contribution discusses our views on these spectral efficiency improvement techniques.
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].

Prior to the final specification of eMTC in Rel-13, various companies performed link-level simulations of sub-PRB operation (as summarised in [4]). The conclusions of this study were fairly mixed. We understand that this is due to:

· The design of the eMTC PUSCH was not stable at the time of these simulations. 3GPP now has a stable design to evaluate in the Release-13 and Release-14 LTE specifications.

· A lack of maturity in narrowband decoding algorithms. This technology has matured significantly with the increased interest in both 3GPP (e.g. NB-IoT) and non-3GPP narrowband technologies.
We expect that different conclusions will be reached in Release-15, taking into account the specification and implementation developments since the early Release-13 work.
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.   

The evaluation assumptions for PUSCH UL spectral efficiency are captured in the RAN1#88bis chairman’s notes. These evaluation assumptions can be used to evaluate performance at both the link level and at the system level.
Proposal 1: Both link level and / or system level evaluations can be used to show the performance benefits of sub-PRB allocations.

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
MU MIMO
MU MIMO relies on multiple antennas at the eNodeB and multiple DMRS sequences to be available in the system in order to allow the eNodeB to channel estimate and spatially separate UEs.

It should be possible to support increased PUSCH spectral efficiency while minimising impacts to eNodeB hardware. MU-MIMO would require significant changes to eNodeB antenna configurations and signal processing. This is unpalatable when there are simpler solutions to improving PUSCH spectral efficiency that do not have such significant hardware impacts.

Proposal 3: MU-MIMO is not further considered as an UL spectral efficiency enhancing technique in efeMTC.

2.4
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%.

In contrast, 3-subcarrier sub-PRB allocation or CDMA using a length 4 OCC would lead to spectral efficiency gains of the order of 300%. There is an order of magnitude more gain available by using techniques other than increased DMRS density, hence it is not necessary to further consider increased DMRS density in the efeMTC work item.  Furthermore increasing in DMRS would require evaluation and specification impact in designing a suitable DMRS pattern.
Proposal 4: Increased DMRS density is not further considered as an UL spectral efficiency enhancing technique in efeMTC.

Increasing DMRS density does however improve link level performance and hence may improve battery life, coverage or latency: all of these are laudable goals. However sub-PRB allocation also promises to improve these link level performance aspects. Increased DMRS density should only be considered in the future if it provides link level performance gains above a sub-PRB PUSCH baseline.
3.   Conclusion

This Tdoc has discussed techniques for improving PUSCH spectral efficiency. 

Sub-PRB PUSCH is expected to provide lower PAPR, link level gains and system level gains and is a very promising technique for PUSCH spectral efficiency improvement. The following proposals are made:
Proposal 1: Both link level and / or system level evaluations can be used to show the performance benefits of sub-PRB allocations.

Proposal 2: The Rel-15 efeMTC sub-PRB PUSCH is based on the Rel-14 feMTC PUSCH design.
CDMA does not provide all of the benefits that sub-PRB allocation does and may additionally have performance drawbacks and large specification impacts. It can be considered for study if companies are interested.

Multi-user MIMO has significant eNodeB hardware and specification impacts. Increased DMRS density only marginally improves PUSCH spectral efficiency. Hence the following are proposed:

Proposal 3: MU-MIMO is not further considered as an UL spectral efficiency enhancing technique in efeMTC.

Proposal 4: Increased DMRS density is not further considered as an UL spectral efficiency enhancing technique in efeMTC.
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