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1 Introduction
In RAN #76 meeting, revised WID RP-171427 on Even further enhanced MTC for LTE was agreed [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 #89 meeting, the following techniques were discussed for improving UL spectral efficiency [2].
· 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)

· Support for switching between LTE and NB-IoT air interfaces can be further considered.
In RAN1 #90 meeting, the following agreement was achieved [3].
·  Sub-PRB allocation method shall be specified
In this contribution, we discuss the detailed design of sub-PRB allocation for PUSCH spectral efficiency improvement for MTC.
2 Detailed design on UL sub-PRB allocation 
A group of contiguous subcarriers within a PRB is allocated to an MTC UE for sub-PRB allocation. Considering the resource allocation overhead and the spectral efficiency improvement gain, subdividing a PRB into 3-tone and 6-tone resources is a good compromise. Regarding sub-PRB resource in time domain, two alternatives were proposed:
· Alt 1: Legacy LTE 1ms TTI length

· Alt 2: Reusing NB-IoT resource unit(RU) framework
According to the analysis in [4], the maximum TBS supported in Alt 1 is 144 bits and the 144-bit transport block is not decodable without repetitions. Further, CRC overhead of Alt 1 is higher than that of Alt 2.
Proposal 1: Reusing NB-IoT RU framework for UL sub-PRB allocation in MTC.

2.1 Definition of Resource allocation 
For FDD, non-overlapped 3-tone and 6-tone resource units can be considered as shown in Figure 1. The starting subcarrier of resource unit of 3 subcarrier × 4 ms is subcarrier {#0, #3, #6, #9}. Beside subcarrier {#0, #6}, subcarrier #3 is also considered as the starting subcarrier of resource unit of 6 subcarrier × 2 ms. In this case, one more multiplexing candidate of 3-subcarrier and 6-subcarrier resource unit can be considered. Better scheduling flexibility can be achieved without additional overhead.  For example, if 3-subcarrier resource units with starting subcarrier #0 and #9 have been occupied by other UEs, 6-subcarrier resource unit with starting subcarrier #3 can be allocated to an MTC UE to achieve higher peak data rate. 
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Figure 1 Resource units for sub-PRB resource allocation for FDD MTC
For TDD, the detailed resource unit design depends on the specific RU design for TDD NB-IoT.
Proposal 2: For FDD, Resource unit 6 subcarrier × 2 ms and/or 3 subcarrier × 4 ms are defined for UL sub-PRB allocation.

· The starting subcarrier of RU 3 subcarrier × 4 ms is subcarrier {#0, #3, #6, #9}.
· The starting subcarrier of RU 6 subcarrier × 2 ms is subcarrier {#0, #3, #6}.
· FSS for TDD
2.2 TBS and MCS/TBS mapping design for UL sub-PRB allocation
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. However, support of larger maximum NRU would have 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 3: For UL sub-PRB allocation, number of resource units for a transport block is not larger than 6.
TBS table and MCS/TBS mapping table design for UL sub-PRB allocation depends on the modulation scheme of the sub-PRB allocation. 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 4: To support sub-PRB resource allocation in uplink, TBS and MCS/TBS mapping table design 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.

2.3 Resource allocation
A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB allocation mode by RRC configuration/RRC reconfiguration. If UL sub-PRB allocation mode is activated by RRC reconfiguration, the MTC UE will interpret the UL grant by using the new resource assignment field.
When UL sub-PRB operation mode is semi-static configured by RRC signaling, two different resource allocation options can be considered:

· Option 1: Only Subcarrier-level resource allocation is supported in UL sub-PRB allocation mode.

For Option 1, PRB-level resources cannot be allocated if the UE is configured to be operated in UL sub-PRB allocation mode. Switching of PRB-level resource allocation and Subcarrier-level resource allocation is semi-static. 
The new resource assignment field of Option 1 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 ‘PRB index within the narrowband’ is used to indicate the specific PRB the allocated subcarriers belong to. 3-bit ‘subcarrier indication within the PRB’ field can be used to indicate the 3-subcarrier and 6-subcarrier resource units as shown in Table 1. In this case, only subcarrier-level resource allocation can be supported if the UE is semi-statically configured as sub-PRB allocation mode.
Table 1 Subcarrier indication within the PRB
	 Subcarrier indication field (
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· Option 2: Subcarrier-level and PRB-level resource allocation can be indicated in UL sub-PRB allocation mode.

Both PRB-level resource allocation and Subcarrier-level resource allocation can be supported in Option 2. In this case, PRB-level resource allocation and Subcarrier-level resource allocation can be dynamically switched according to the UE requirement. If no additional overhead is needed for Option 2, the scheduling flexibility of Option 2 is much better than Option 1. The choice of above two options depends on the overhead.
Proposal 5: A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB allocation mode by semi-static RRC signaling.
Proposal 6: Resource assignment field for UL sub-PRB allocation mode includes Narrowband index, PRB index within the narrowband, Subcarrier indication within the PRB, and Number of resource units. 
· FFS on supporting Subcarrier-level resource allocation only or supporting both of Subcarrier-level and PRB-level resource allocation in UL sub-PRB allocation mode.
· FFS on joint coding of above fields
2.4 DM-RS design for UL Sub-PRB allocation
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

Legacy one PRB DMRS sequence design can be reused for Alt 2. DMRS sequence for different UEs can be distinguished by orthogonal code. Considering that only 3-subcarrier and 6-subcarrier resource units need to be supported in UL sub-PRB operation mode and the number of multiplexed MTC UEs is at most 4, the orthogonality of DMRS sequences for different UEs can be guaranteed. Compared with Alt 1, the DMRS sequence length of Alt 2 is longer thus has better anti-interference ability. Furthermore, the coexistence with legacy LTE is better for Alt 2.
DMRS performance in inter-cell interference scenario should be used to determine the DM-RS solutions. 
Proposal 7: DM-RS design is chosen from the following two alternatives depending on the performance in inter-cell interference scenario.
· Alt 1: DMRS occupies the same subcarriers as for data
· Alt 2: DMRS occupies 12 subcarriers regardless of the size of resource unit
3 Conclusions
In this contribution, we have discussed the detailed design on  UL sub-PRB allocation for MTC. We make the following proposals:
Proposal 1: Reusing NB-IoT RU framework for UL sub-PRB allocation in MTC.

Proposal 2: For FDD, Resource unit 6 subcarrier × 2 ms and/or 3 subcarrier × 4 ms are defined for UL sub-PRB allocation.

· The starting subcarrier of RU 3 subcarrier × 4 ms is subcarrier {#0, #3, #6, #9}.
· The starting subcarrier of RU 6 subcarrier × 2 ms is subcarrier {#0, #3, #6}.
· FSS for TDD
Proposal 3: For UL sub-PRB allocation, number of resource units for a transport block is not larger than 6.

Proposal 4: To support sub-PRB resource allocation in uplink, TBS and MCS/TBS mapping table design 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 5: A Rel-15 BL/CE UE can be configured to be operated in UL sub-PRB allocation mode by semi-static RRC signaling.
Proposal 6: Resource assignment field for UL sub-PRB allocation mode includes Narrowband index, PRB index within the narrowband, Subcarrier indication within the PRB, and Number of resource units. 

· FFS on supporting Subcarrier-level resource allocation only or supporting both of Subcarrier-level and PRB-level resource allocation in UL sub-PRB allocation mode.
· FFS on joint coding of above fields
Proposal 7: DM-RS design is chosen from the following two alternatives depending on the performance in inter-cell interference scenario.

· Alt 1: DMRS occupies the same subcarriers as for data
· Alt 2: DMRS occupies 12 subcarriers regardless of the size of resource unit
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