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1 Introduction

In RAN1 #90bis meeting, the following agreements were made to improve the PUSCH spectral efficiency for efeMTC [1]:
Agreement:

· Sub-PRB shall be supported at least in CE Mode B

· Working assumption: Sub-PRB shall be supported in CE Mode A.

· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.

· For Sub-PRB, the maximum total number of (valid) subframes of transmission is:

· 32 subframes for CE Mode A

· 2048 subframes for CE Mode B

· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)

· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes

· The RU length depends on number of subcarriers in the Sub-PRB allocation

· FFS: RE mapping

· FFS: whether more than one RU is allocated per transport block

· For Sub-PRB, increasing DMRS shall not be supported

· For Sub-PRB allocation in connected mode,

· The Sub-PRB feature is configured/enabled by RRC signaling

· The Sub-PRB resource allocation shall be signaled by DCI

· FFS: Support of Sub-PRB allocation in Msg3

Agreement:

· When the Sub-PRB feature is configured/enabled in connected mode in CE mode B,

· DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB.

· Sub-PRB allocation shall support a maximum TBS of at least [504] bits.

In this contribution, we discuss about the design of sub-PRB PUSCH for efeMTC, including the applicable cases, configuration, numerology, resource mapping, DMRS design and resource allocation indication for the sub-PRB PUSCH. The contents of this contribution are based on revisions to previous contribution [2].
2 Design of sub-PRB PUSCH for efeMTC

In this section, we begin with the discussion of applicable cases and configurations, and then provide physical design details to support sub-PRB allocation for PUSCH in efeMTC. 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.
2.1 Applicable cases and configurations

Recall that larger PUSCH channel BW is supported in feMTC. The main motivation for configuring 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. 

Moreover, the configuration of sub-PRB should depend on the UE capability. For message 3 (Msg3) in the random access procedure to establish the RRC connection, the eNB is not aware of the UE capability yet. There are some proposals to enable sub-PRB allocation for Msg3. One method is to indicate the support of sub-PRB for Msg3 via PRACH partitioning. However, PRACH partitioning has been agreed for the indication of support of early data transmission during random access procedure [3]. Further PRACH partitioning may result in system capacity degradation, which should be considered together with the early data transmission enhancement. Another method is to transmit two UL grants in RAR either explicitly or implicitly, with one grant for legacy Msg3 scheduling and the other for Msg3 with sub-PRB allocation. For explicit transmission of two UL grants, a larger TBS is needed for RAR which may impact the RAR reception performance, and there are changes needed in RAR format which may impact the backward compatibility. Even for implicit transmission of two UL grants by reinterpreting the resource allocation fields for sub-PRB allocation, the same amount of resources need to be reserved for Msg3 transmission regardless of whether it is legacy resource allocation in granularity of PRB or sub-PRB allocation, which results in no gain in UL spectral efficiency. In summary, for the support of sub-PRB for Msg3, all the above concerns and achievable UL spectral efficiency improvement needs to be carefully studied. 
The sub-PRB allocation can be semi-statically configured via higher layer signalling, depending on UE capability. As discussed, the configuration of sub-PRB allocation should take into account the max PUSCH channel BW.
Proposal 1:
· The sub-PRB allocation is supported only for UEs configured with max PUSCH channel BW of 1.4 MHz.
Proposal 2:
· The sub-PRB allocation is configured semi-statically via higher layer signalling, depending on UE capability.

Observation 1:

· The support of sub-PRB allocation for Msg3 should be carefully studied, considering the following impact:
· Jointly study with early data transmission enhancement on the impact on system capacity, if PRACH partitioning is used.
· The impact on RAR, including the RAR design, RAR reception performance and backward compatibility.

· The achievable PUSCH spectral efficiency improvement, if two UL grants are used where one for scheduling Msg3 with legacy resource allocation and the other for scheduling Msg3 with sub-PRB allocation. 
2.2 Numerology and resource mapping for sub-PRB PUSCH

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, to minimize the specification effort. Following this principle, both 3-subcarrier and 6-subcarrier allocations can be supported for efeMTC. And for these allocations, the subcarrier spacing of PUSCH is 15 kHz, following the NB-IoT design. 
As agreed in RAN1 #90bis [1], the RU length depends on number of subcarriers allocated for PUSCH. Reusing NB-IoT design, RU for 3-subcarrier allocation is 4 ms and RU for 6-subcarrier allocation is 2 ms. Regarding whether more than one RU can be allocated per transport block, the max TBS would be limited if one transport block can be mapped to only one RU. Thus, it is preferred to support allocation of multiple RUs for one transport block. 
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 the DCI to the TBS.

For modulation, QPSK is always used for PUSCH with 3-subcarrier and 6-subcarrier allocations. The modulation for PUSCH with no less than 1 PRB allocation follows the eMTC design.
Proposal 3:
· Support 3-subcarrier and 6-subcarrier sub-PRB allocations for efeMTC PUSCH.
· Support multiple RUs allocated for one transport block.
· TBS for sub-PRB allocation reuses Rel-13 NB-IoT design. 
· QPSK is always used for sub-PRB PUSCH transmission with multi-tone allocations. 
2.3 DMRS design
The DMRS sequence for PUSCH in efeMTC with 3-subcarrier and 6-subcarrier allocations can reuse the length-3 and length-6 DMRS sequences defined in Rel-13 NB-IoT, respectively. DMRS is located in the same symbol as in legacy PUSCH design, i.e. in the middle symbol of each slot. 
Proposal 4:
· For 3-subcarrier and 6-subcarrier PUSCH in efeMTC, reuse DMRS sequence in Rel-13 NB-IoT.

· DMRS is located in the middle symbol of each slot. 
2.4 Resource allocation method
To support both sub-PRB allocation and allocation of at least 1 PRB, and to reduce RRC reconfigurations, it is preferred to use 1 bit in the DCI to differentiate the sub-PRB allocation and legacy allocation in granularity of one PRB. 
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, following 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. 
For the DCI design, existing DCI format 6-0B can be used as the baseline for sub-PRB allocation in CE mode B. 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. Moreover, it is desirable to not increase the number of blind decoding attempts for MPDCCH in UE-specific search space (USS), to keep the UE complexity low. 

Recall that 
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 bits are used in DCI format 6-0B for indication of NB index, while 3 bits are used for indication of PRB allocation within the NB in eMTC CE mode B. To keep the size comparable to DCI format 6-0B for sub-PRB PUSCH in CE mode B, the indication of NB index can be the same as Rel-13 eMTC, while the PRB within the NB can be implicitly indicated, e.g., the starting or ending PRB of the NB. To indicate the subcarrier allocation within the PRB, 3 bits can be used to indicate 4 non-overlapped 3-subcarrier allocations (i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}) and 2 non-overlapped 6-subcarrier allocations (i.e., {0, 1, …, 5} and {6, 7, …, 11}). For the indication of number of RUs, in Rel-13 NB-IoT, 3 bits are used in DCI format N0 to indicate number of RUs from {1, 2, 3, 4, 5, 6, 8, 10}. To reduce the DCI size, a subset of {1, 2, 3, 4, 5, 6, 8, 10} can be supported for number of RUs in efeMTC. For example, there can be one or two supported number of RUs for sub-PRB PUSCH in CE mode B, and the set of supported number of RUs can be predefined or semi-statically configured by higher layers.
Proposal 5:
· Consider a NB-based resource allocation for sub-PRB PUSCH:
· Indicate NB index as in 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 6:
· Use DCI format 6-0B as the starting point for DCI design of sub-PRB PUSCH in CE mode B. 
· Strive to design the DCI so as to not increase the size much, if at all, compared to DCI format 6-0B, for sub-PRB PUSCH in CE mode B. 

· 1 bit indictor is used in the DCI to differentiate sub-PRB allocation and legacy resource allocation with granularity of one PRB. 

· Consider implicit indication of PRB within the NB.

· 3 bits are used to indicate the non-overlapped 3-subcarrier and 6-subcarrier allocations.

· Consider to limit the supported number of RUs, e.g. one or two supported values, to reduce DCI size. 

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

In this contribution, we provide the design details on various aspects for sub-PRB allocation in efeMTC. We summarize our views with the following observation and proposals:
Observation 1:

· The support of sub-PRB allocation for Msg3 should be carefully studied, considering the following impact:
· Jointly study with early data transmission enhancement on the impact on system capacity, if PRACH partitioning is used.

· The impact on RAR, including the RAR design, RAR reception performance and backward compatibility.

· The achievable PUSCH spectral efficiency improvement, if two UL grants are used where one for scheduling Msg3 with legacy resource allocation and the other for scheduling Msg3 with sub-PRB allocation. 
Proposal 1:

· The sub-PRB allocation is supported only for UEs configured with max PUSCH channel BW of 1.4 MHz.
Proposal 2:

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

Proposal 3:

· Support 3-subcarrier and 6-subcarrier sub-PRB allocations for efeMTC PUSCH.
· Support multiple RUs allocated for one transport block.
· TBS for sub-PRB allocation reuses Rel-13 NB-IoT design. 
· QPSK is always used for sub-PRB PUSCH transmission with multi-tone allocations. 
Proposal 4:
· For 3-subcarrier and 6-subcarrier PUSCH in efeMTC, reuse DMRS sequence in Rel-13 NB-IoT.

· DMRS is located in the middle symbol of each slot. 
Proposal 5:

· Consider a NB-based resource allocation for sub-PRB PUSCH:
· Indicate NB index as in 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 6:

· Use DCI format 6-0B as the starting point for DCI design of sub-PRB PUSCH in CE mode B. 
· Strive to design the DCI so as to not increase the size much, if at all, compared to DCI format 6-0B, for sub-PRB PUSCH in CE mode B. 

· 1 bit indictor is used in the DCI to differentiate sub-PRB allocation and legacy resource allocation with granularity of one PRB. 

· Consider implicit indication of PRB within the NB.

· 3 bits are used to indicate the non-overlapped 3-subcarrier and 6-subcarrier allocations.

· Consider to limit the supported number of RUs, e.g. one or two supported values, to reduce DCI size. 

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