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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to improve spectral efficiency.
Improved spectral efficiency:

· 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 RAN1 #88bis meeting, the following techniques were discussed for improving UL spectral efficiency [2].
· Techniques to improve UL spectral efficiency for consideration:

· Sub-PRB allocation

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

· CDMA

· MU-MIMO

· Increased DMRS density

· Note: combinations of techniques are not precluded.

· Additionally, support for switching between LTE and NB-IoT air interfaces can be considered.

In this contribution, we discuss the support of sub-PRB in uplink and other solutions to increase the PUSCH spectral efficiency for MTC.
2 General considerations on PUSCH spectral efficiency improvement
As defined in requirements for NR [3], the target for connection density should be 1,000,000 device/km2 in urban environment. Improvement of spectral efficiency can increase the number of connected devices. Considering huge traffic load in UL, in order to support up to 1,000,000 device/km2 connection density, it is necessary to improve UL spectral efficiency for MTC. 

Currently, the resource allocation granularity of PUSCH is PRB. In the same subframe, different MTC UEs can be PRB-level multiplexed in frequency domain. QPSK and 16QAM modulation order can be supported for PUSCH for Rel-13/Rel-14 BL/CE UEs.
To improve the uplink spectral efficiency, higher modulation order can be considered. By using higher modulation order, smaller resources are needed for the same transport block. But considering that 64QAM modulation for unicast PUSCH has negative impact on coverage performance, power consumption and UE cost, it is not recommended to introduce 64QAM modulation in uplink.  
Proposal 1: For Rel-15 BL/CE UEs, sub-PRB resource allocation is used for unicast PUSCH in CE mode A and CE mode B.
Proposal 2: For Rel-15 BL/CE UEs, 64QAM modulation is not supported for unicast PUSCH.
3 Support of UL sub-PRB allocation

3.1 Definition of resource unit

To support sub-PRB resource allocation, definition of new resource unit is needed. For example, the new resource unit can be defined as 6 subcarrier × 2 ms or 3 subcarrier × 4 ms. Non-overlapped 3-subcarrier and 6-subcarrier resource units can be considered as shown in Figure 1. The starting subcarrier of resource unit of 6 subcarrier × 2 ms is subcarrier {0, 3, 6} while the starting subcarrier of resource unit of 3 subcarrier × 4 ms is subcarrier {0, 3, 6, 9}. 
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Figure 1 Resource units for sub-PRB resource allocation for MTC
Proposal 3: New resource unit 6 subcarrier × 2 ms or 3 subcarrier × 4 ms can be defined for support of UL sub-PRB allocation.
3.2 MCS/TBS mapping and TBS table design for UL sub-PRB resource
In Rel-13 NB-IoT, the maximum number of resource units (NRU) is 10. Considering that the intention of introducing UL sub-PRB for MTC is to improve the UL spectral efficiency, supporting low code rate for large TBS is not necessary. Maximum TBS of 1000 bits can be supported when NRU is larger than 3. Smaller maximum NRU is beneficial for reducing the resource assignment overhead and can avoid any impact on UE soft buffer. However, support of larger maximum NRU has better scheduling flexibility. Considering that bandwidth reduced MTC UEs can support up to 6 PRBs, 
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may be a good compromise for UL sub-PRB allocation.
Proposal 4: Number of resource units for UL sub-PRB allocation is not larger than 6.
Design of MCS/TBS mapping and TBS table for UL sub-PRB depends on the modulation scheme of the sub-PRB resource. For the new defined UL sub-PRB resource units, if only QPSK modulation is supported, multi-tone IMCS to ITBS mapping table (
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 in Rel-13 NB-IoT can be reused. If QPSK and 16QAM modulation would be supported for the sub-PRB resource units, definition of new MCS/TBS mapping table and TBS table with 
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 should be considered. 
Proposal 5: To support sub-PRB resource allocation in uplink, definition of MCS/TBS mapping table and TBS table depends on the supported modulation scheme.
· If only QPSK modulation is supported, Rel-13 NB-IoT MCS/TBS mapping and TBS table with 
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· If QPSK and 16QAM modulation are supported, definition of new MCS/TBS index table and TBS table should be considered.

3.3 Resource allocation
A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB resource allocation mode by RRC configuration/RRC reconfiguration. If UL sub-PRB operation mode is activated by RRC reconfiguration, the NB-IoT UE will interpret the UL grant by using the new resource assignment field.
The new resource assignment filed can be defined as:
Narrowband index (
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bits) + PRB index within the narrowband (3 bits) + Subcarrier indication within the PRB (3 bits) + Number of resource units (3 bits)
3-bit ‘subcarrier indication within the PRB’ filed can be used to indicate the 3-subcarrier and 6-subcarrier resource units as shown in Table 1.
Table 1 Subcarrier indication within the PRB
	 Subcarrier indication field (
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If the number of resource units is not larger than 6, joint coding of resource assignment information can be considered to further reduce the resource allocation overhead. 
Proposal 6: A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB resource allocation mode by RRC configuration.
Proposal 7: New UL assignment field for sub-PRB allocation includes Narrowband index, PRB index within the narrowband, Subcarrier indication within the PRB, and Number of resource units. 
3.4 DM-RS design

If the new defined resource unit for UL sub-PRB is 6 subcarrier × 2 ms and/or 3 subcarrier × 4 ms, two DM-RS alternatives can be considered:

· Alt 1: DMRS occupies the same subcarriers as for data, as illustrated in Figure 2. 
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Figure 2 An example of Alt1: UL DMRS occupy same frequency as for data.

In Alt 1, 6-tone and/or 3-tone DMRS design in Rel-13 NB-IoT can be reused for Rel-15 MTC enhancement.

· Alt 2: DMRS occupies 12 subcarriers regardless of the size of resource unit, as illustrated in Figure 3.
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Figure 3 An example of Alt 2: UL DMRS occupies 12 subcarriers

For Alt 2, legacy 1 PRB DMRS sequence design can be reused.
Frequency hopping scheme in Rel-13 eMTC can be reused for UL sub-PRB operation mode.
Proposal 8: DM-RS scheme for UL sub-PRB needs further study.
4 Discussion on other potential techniques

Based on sub-PRB resource allocation, the allocated resource may be extended to time domain. In this case, by utilizing CDMA or time domain OCC, the system can simultaneously support more connected devices in uplink.
Significant specification impact would be expected if introducing CDMA. Considering that CDMA may also cause inter-cell interference, further study related to orthogonal or non-orthogonal code is needed. 
Increased DMRS density also can be considered to improve UL spectral efficiency. But the performance improvement may not be obvious if cross-subframe channel estimation is used. Considering the huge specification impact, it is not recommended to introduce increased DMRS density in Rel-15 efeMTC. 
5 Conclusions
In this contribution, we have discussed the improvement of spectral efficiency for PUSCH, especially support of UL sub-PRB, for MTC. We make the following proposals:
Proposal 1: For Rel-15 BL/CE UEs, sub-PRB resource allocation is used for unicast PUSCH in CE mode A and CE mode B.
Proposal 2: For Rel-15 BL/CE UEs, 64QAM modulation is not supported for unicast PUSCH.
Proposal 3: New resource unit 6 subcarrier × 2 ms or 3 subcarrier × 4 ms can be defined for support of UL sub-PRB allocation.

Proposal 4: Number of resource units for UL sub-PRB allocation is not larger than 6.
Proposal 5: To support sub-PRB resource allocation in uplink, definition of MCS/TBS mapping table and TBS table depends on the supported modulation scheme.
· If only QPSK modulation is supported, Rel-13 NB-IoT MCS/TBS mapping and TBS table with 
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 can be reused. 

· If QPSK and 16QAM modulation are supported, definition of new MCS/TBS index table and TBS table should be considered.

Proposal 6: A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB resource allocation mode by RRC configuration.
Proposal 7: New UL assignment field for sub-PRB allocation includes Narrowband index, PRB index within the narrowband, Subcarrier indication within the PRB, and Number of resource units.
Proposal 8: DM-RS scheme for UL sub-PRB needs further study.
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