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1 Introduction

At the RAN #75 meeting, a new work item (WI) on even further enhanced MTC (efeMTC) has been set to a working agreement. One objective of the WI is to improve the PUSCH spectral efficiency [1]: 
· 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 the applicable cases, configuration, and design options for the support of sub-PRB resource allocation for PUSCH in Rel-15 efeMTC.

2 Applicability and configuration of sub-PRB allocation
To begin with, we discuss the use cases where introduction of sub-PRB allocation is beneficial. Then, we present our views on the configuration methods of sub-PRB allocation for PUSCH. 
2.1 Applicable cases of sub-PRB allocation

Recall that the main motivation for configuration of larger PUSCH channel BW (e.g. 5 MHz) is to support higher data rate, to cater to applications requiring high data rate, e.g. voice capable wearable devices and health monitoring devices, etc. On the other hand, the sub-PRB allocation is expected to bring benefits primarily in terms of system spectral efficiency and thereby, user capacity, considering PUSCH transmission from UEs in deep coverage. Thus, we do not see the need to use sub-PRB allocation for UEs configured with max PUSCH channel BW larger than 1.4 MHz. 

One of the key benefits for the support of sub-PRB allocation for PUSCH is to enable more UEs multiplexed in frequency domain, which improves the system capacity, especially when UEs are in deep coverage requiring large number of repetitions. In addition, the PSD of PUSCH transmission increases with sub-PRB allocation, which helps the coverage enhancement. Therefore, sub-PRB allocation may be used to schedule PUSCH for UEs that are in  CE mode B, where the sub-PRB allocation brings the most benefits. 

As sub-PRB allocation requires longer UL transmission duration in time domain, it is desirable to preclude certain TDD configurations, which have limited number of UL subframes, e.g. TDD configuration 5, to avoid large latency. 
Moreover, the configuration of sub-PRB should depend on the UE capability. For message 3 in the random access procedure to establish the RRC connection, as eNB is not aware of the UE capability yet, the sub-PRB cannot be supported. Though it is possible to support sub-PRB allocation for message 3 for UEs in RRC_CONNECTED mode, to have a clean and simple design and to minimize spec changes in terms of RAR contents, it is preferred to support sub-PRB allocation only for PUSCH other than message 3 in random access procedure.

2.2 Configuration of sub-PRB allocation

The support of sub-PRB allocation can be semi-statically configured via higher layer signalling, depending on UE capability. In other words, eNB may configure the sub-PRB allocation for a UE, after the UE indicates its capability to support sub-PRB PUSCH transmission. As discussed in the above section, the configuration of sub-PRB allocation should take into account the max PUSCH channel BW, CE mode and TDD configuration in TDD systems.
Proposal 1

· Sub-PRB allocation for PUSCH is supported only for BL UEs configured with max PUSCH channel BW of 1.4 MHz.
· Sub-PRB allocation for PUSCH may be supported only by UEs supporting CE mode B.
· Sub-PRB allocation for PUSCH is supported only in TDD configurations with large enough number of consecutive UL subframes. 

· TDD configuration 5 does not support sub-PRB allocation. 

· Sub-PRB allocation is not supported for PUSCH carrying message 3 during random access procedure.
Proposal 2

· The support of sub-PRB allocation for PUSCH is configured semi-statically via higher layer signalling, depending on UE capability.

· Sub-PRB PUSCH may be configured for a UE only when in CE mode B.
3 Design of sub-PRB allocation
In this section, we share our views on the sub-PRB allocation design, specifically in the design of TBS, RV, modulation, DMRS, resource allocation, and DCI. Note that the sub-PRB allocation here refers to the cases with less than 1 PRB allocation, while 1-PRB allocation still follows the design in (f)eMTC. As sub-PRB allocation is supported in Rel-13 NB-IoT already, it is preferred to reuse as many designs from NB-IoT on sub-PRB allocation as possible.
3.1 Design on TBS, RV, modulation and DMRS

Both 3-subcarrier and 6-subcarrier allocations can be supported for efeMTC. As different numerologies are supported only for single-subcarrier NPUSCH in NB-IoT, efeMTC only supports subcarrier spacing of 15 kHz. 
Similar to NB-IoT, the resource unit (RU) concept can be introduced to efeMTC for sub-PRB allocation, where 3-subcarrier allocation corresponds to RU of 4 ms, and 6-subcarrier allocation corresponds to RU of 2 ms. Recall that in (f)eMTC, the max TBS for UEs with max PUSCH channel BW of 1.4 MHz in CE mode B is 1000 bits, which is the same as the max TBS for NPUSCH supported in Rel-13 NB-IoT. Thus, the TBS table in Rel-13 NB-IoT can be reused, which maps the TBS index and number of RUs indicated in DCI to the TBS.
The supported RVs can be the same as Rel-13 eMTC, i.e. 4 RVs. The RV cycling method can follow the eMTC design. 

For modulation, QPSK is always used for sub-PRB allocation, i.e. for 3-subcarrier and 6-subcarrier allocations. The modulation for PUSCH with no less than 1 PRB allocation follows the eMTC design.
The DMRS for sub-PRB PUSCH in efeMTC can reuse the DMRS introduced to Rel-13 NB-IoT for multi-subcarrier NPUSCH transmission. Specifically, the DMRS sequence with length 3 and length 6 are introduced for 3-subcarrier and 6-subcarrier PUSCH transmission, respectively, which are located in the same symbols as in LTE, i.e. the middle symbol of each slot.

3.2 Resource allocation method
In Rel-13 eMTC, a hierarchical resource allocation method is adopted, where at the higher level the NB index is indicated, and in the lower level the RB allocation within the NB is indicated. Similarly, a hierarchical resource allocation method can be used for PUSCH sub-PRB allocation in efeMTC:

· First, the allocated NB index within the system BW is indicated, follows the Rel-13 eMTC NB indication method. 

· Further, the PRB within the NB can be (explicitly or implicitly) indicated. 

· Last, the subcarrier allocation within the PRB can be indicated. Similar to Rel-13 NB-IoT, the subcarrier allocation can be based on non-overlapped 3-subcarrier or 6-subcarrier allocations. 
3.3 DCI design for sub-PRB allocation

Design of DCI can use existing DCI format 6-0B as the baseline. To minimize the number of required repetitions for MPDCCH and to improve the DCI detection performance, it is preferred to keep the DCI size as small as possible, e.g., comparable to the size of DCI format 6-0B. In addition, it is desirable to not increase the number of blind decoding attempts for MPDCCH, to keep the UE complexity low. 
Proposal 3
· 3-subcarrier and 6-subcarrier sub-PRB allocations are supported for efeMTC PUSCH.

· TBS and DMRS for sub-PRB allocation reuse Rel-13 NB-IoT design. 
· 4 RVs are supported for sub-PRB PUSCH transmission.
· QPSK is always used for sub-PRB PUSCH transmission. 
Proposal 4
· Consider a NB-based resource allocation:
· NB index indication follows Rel-13 eMTC.

· PRB is (explicitly/implicitly) indicated within the NB.

· Subcarrier allocation within the PRB is indicated, reusing Rel-13 NB-IoT sub-PRB allocation method with non-overlapped 3-subcarrier and 6-subcarrier allocations.
Proposal 5

· Use DCI format 6-0B as the starting point for DCI design. 
· Strive to design the DCI so as to not increase the size much, if at all, compared to DCI format 6-0B. 
· The number of blind decoding attempts for MPDCCH in the USS should not be impacted compared to Rel-13. 
4 Conclusion

In this contribution, we discuss the applicability and configuration of sub-PRB allocation for efeMTC PUSCH. We also provide designs on various aspects to support sub-PRB in efeMTC. Based on the discussions and studies, we make the following proposals:

Proposal 1

· Sub-PRB allocation for PUSCH is supported only for BL UEs configured with max PUSCH channel BW of 1.4 MHz.
· Sub-PRB allocation for PUSCH may be supported only by UEs supporting CE mode B.
· Sub-PRB allocation for PUSCH is supported only in TDD configurations with large enough number of consecutive UL subframes. 

· TDD configuration 5 does not support sub-PRB allocation. 

· Sub-PRB allocation is not supported for PUSCH carrying message 3 during random access procedure.

Proposal 2

· The support of sub-PRB allocation for PUSCH is configured semi-statically via higher layer signalling, depending on UE capability.

· Sub-PRB PUSCH may be configured for a UE only when in CE mode B.
Proposal 3

· 3-subcarrier and 6-subcarrier sub-PRB allocations are supported for efeMTC PUSCH.

· TBS and DMRS for sub-PRB allocation reuse Rel-13 NB-IoT design. 
· 4 RVs are supported for sub-PRB PUSCH transmission.

· QPSK is always used for sub-PRB PUSCH transmission. 
Proposal 4

· Consider a NB-based resource allocation:
· NB index indication follows Rel-13 eMTC.

· PRB is (explicitly/implicitly) indicated within the NB.

· Subcarrier allocation within the PRB is indicated, reusing Rel-13 NB-IoT sub-PRB allocation method with non-overlapped 3-subcarrier and 6-subcarrier allocations.
Proposal 5

· Use DCI format 6-0B as the starting point for DCI design. 
· Strive to design the DCI so as to not increase the size much, if at all, compared to DCI format 6-0B. 

· The number of blind decoding attempts for MPDCCH in the USS should not be impacted compared to Rel-13. 
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