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1 Introduction
In RAN#75, a new WID on even further enhanced MTC for LTE was approved [1]. One of the aims in the WID is to increase PUSCH spectral efficiency (sub-PRB resource allocation was mentioned as an example).
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]

· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.

· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.

In this contribution, we discuss a few potential candidate techniques for PUSCH spectral efficiency enhancement.
2 Options for PUSCH spectral efficiency enhancement
2.1 Sub-PRB resource allocation
By allocating PUSCH resource within a PRB, the UE’s transmission power can be concentrated over a smaller bandwidth to increase the power spectral density. However, the channel estimation accuracy may be degraded as the number of DMRS samples utilized for channel estimation within the allocated bandwidth is reduced. Sub-PRB resource allocation also increases the code rate within a subframe. Taking into account the above factors, the performance improvement of sub-PRB PUSCH transmission may be limited.

In fact, sub-PRB resource allocation was proposed already in Rel-13. Some performance evaluations were submitted to RAN1#80 which were summarized in [2]. The results were however inconsistent among companies. For example, the results in [3]
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 \* MERGEFORMAT [4]
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 \* MERGEFORMAT [5] show sub-PRB resource allocation increases the repetition number to get the same amount of coverage enhancement. Eventually only the following observation was drawn in RAN1#80, see [6]:

· “The simulation results for the sub-PRB narrow band method are inconsistent but in general at low SINRS, the results show only a margin decrease in the number of PUSCH repeats necessary.”

No conclusion could be drawn in RAN1#80 on any other benefits brought by sub-PRB allocation.

Another drawback of sub-PRB resource allocation is the potential resource fragmentation. Some PRBs may have to be reserved for sub-PRB resource allocation, resulting in the residual resources in these PRBs unavailable for PRB level resource allocation. The benefit of frequency selective scheduling is also lost if a number of UEs have to be packed within the same PRB. This arises due to the reduction in the effective scheduling bandwidth the eNB has to choose from, compared to LTE and eMTC, from at least 6 PRBs to 1 PRB. 
2.2 CDM

The concept of CDM is to multiplex UEs within the same resource by multiplying PUSCH with orthogonal sequences. For PUSCH repetition in multiple subframes, multiple subframe code spreading on top of repetition has been proposed in Rel-13 [7].As shown in Figure 1 from [7], each subframe is repeated over multiple subframes and then spread by an orthogonal spreading sequence over multiple subframes. Using NSF orthogonal spreading codes, up to NSF UEs can be simultaneously transmitted within the same resource block over the repetition period. The spectral efficiency is increased while keeping the same PUSCH structure.
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Figure 1 Multiple subframe code spreading
The link level performance of applying multiple subframe code spreading to PUSCH was evaluated in [7] and shown in Figure 2. Figure 2 plots the BLER performance of PUSCH with number NRep of repetition as a parameter and shows the performance comparison for multiple subframe code spreading with 1 UE and 2 UEs multiplexed in code domain on the same T/F resource. It can be seen that no performance degradation by UE multiplexing using multiple subframe spreading code occurs. The same coverage improvement gain can be achieved by symbol combining with 4(=NSF) subframes.
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Figure 2 Simulation results of multiple subframe code spreading for PUSCH repetition
One problem of CDM may be near-far-effect. However, the degradation of UE’s performance can be eliminated by appropriate power control. The evaluation results in [7] also show the impact of near-far effect on multiple subframe code spreading is very small with unideal transmit power control.
2.3 MU-MIMO
MU-MIMO can be another candidate to increase the PUSCH spectrum efficiency. UEs are multiplexed within the same resource using different beams. The capacity gain brought by the method depends on the amount of spatial diversity that can be exploited.
2.4 Mimic’ing NB-IoT
Another option when more UL capacity is desired is the network can have the new eMTC UE “mimic” NB-IoT directly, just as a normal UE can in Rel-13 mimic some eMTC functionality if it needs coverage enhancement. Thus the benefits of both NB-IoT and eMTC can be exploited. The UE when being connected to an eMTC cell can mimic NB-IoT, and the eNodeB can configure via RRC signalling whether the UE shall mimic. The overall PUSCH spectral efficiency is expected to be maximized by allowing flexible adaptation between mimic’ing NB-IoT or not depending on traffic characteristics and system load etc.
Our proposal is:

Proposal: The approaches for PUSCH spectral efficiency increase, such as sub-PRB resource allocation, CDM, MU-MIMO, new eMTC UE mimic’ing NB-IoT should be compared to identify trade-offs and impacts.
3 Conclusion
This contribution discusses the methods to increase PUSCH spectral efficiency and proposes:
Proposal: The approaches for PUSCH spectral efficiency increase, such as sub-PRB resource allocation, CDM, MU-MIMO, new eMTC UE mimic’ing NB-IoT should be compared to identify trade-offs and impacts.
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