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Introduction
This Tdoc is a revision of R1-1712803 [5].
In eMTC, current minimum allocation granularity for PUSCH is one PRB. This is not every efficient in deep coverage scenario or in high SNR scenario with small data rate. In RAN1#90, the techniques to increase PUSCH spectral efficiency were discussed with the following agreements [1]. 
Agreement:
· Sub-PRB allocation method shall be specified

In this contribution, we further discuss the specification enhancements to support sub-PRB allocation for PUSCH.
Discussion 
Definition of resource unit
For supporting sub-PRB allocation for PUSCH in eMTC, the principles of NPUSCH design in NB-IoT can be reused. In NB-IoT, The allowable number of subcarriers for the sub-PRB allocation can be 1, 3 and 6. The resource unit (RU) concept in NB-IoT can be also adopted where a resource unit is defined by x subcarriers × y subframes with the constraint that x*y is close to 12. If we consider the sub-PRB allocation for TDD, the resource unit with 4 subcarriers by 3 subframes may also be supported. As shown in Figure 1 below, for TDD UL/DL configuration #0 with 3 consecutive UL subframes, the resource unit with 3 subcarriers by 4 subframes would make a resource unit across two UL occasions which may significantly degrade channel estimation performance and restrict time domain combining. However, a resource unit with 4 subcarriers by 3 subframes could effectively improve sub-PRB resource allocation in such case. 
[image: ]
Figure 1: Resource Unit of 3 subcarriers by 4 subframes for TDD Config #0
Proposal 1: Support sub-PRB allocation in eMTC by adopting the resource unit design in NB-IoT.
Proposal 2: Down-select from the following two options for the supported number of subcarriers for sub-PRB allocation:
· Option 1: 2 and 4 subcarriers
· Option 2: 3 and 6 subcarriers
Resource allocation

Currently for eMTC, the UL grant can be based on DCI format 6-0A or 6-0B for which the resource assignment field may include a narrowband index indicator and also a 5/3-bits RB index indicator within the narrowband. For the sub-PRB resource allocation, if we follow the NB-IoT design to use the non-overlapped subcarriers for resource assignment then we may need at least 3-bit to indicate the subcarrier index within the RB, e.g., for three and six tone allocation. For a full flexibility resource allocation, the resource assignment field may need also include a narrowband index (bits), 3-bit PRB index within the narrowband and another 3-bit for number of resource units. It can be seen that the required total number of bits will be much higher than that in the existing DCI format 6-0A and 6-0B. To reduce the resource allocation overhead we can consider a limited flexibility resource allocation, such as restricting the sub-PRB allocation to the preconfigured a few narrowbands or PRBs. We could also consider fixing the number of resource unit for the sub-PRB resource allocation to avoid the signaling in DCI format. For example, if the number of resource unit for the sub-PRB allocation is fixed to one, the sub-PRB allocation is then used only for small TBS, e.g., max TBS size of 204 bits. This may be okay for high SNR with a small data rate. The normal PRB based resource allocation can still be used in case of high data rate. This is because the sub-PRB allocation may require longer transmission duration in time domain and thus is preferable to use it only for small packet data to avoid large latency and not reduce the peak data rate. For very low SNR, the supported data rate is low and thus the number of resource units for the sub-PRB allocation can be greater than one in order to support larger TBS. 
Table 1 below shows an example of a joint indication of the RB and subcarrier index by using only 6-bits. It is noted that the normal PRB based allocation is still supported when the sub-PRB resource allocation mode is configured by RRC. This allows eNB to use the DCI to dynamic switch between the sub-PRB and normal PRB based resource allocation for PUSCH to balance the data rate/latency and the spectrum efficiency. 
Table 1 Joint indication of RB and subcarrier index within the narrowband
	
 RB/Subcarrier indication field ()
	
Set of Allocated subcarriers () 

	0 – 23
	

 or 

	24-35
	

 or 

	36-41
	


	42-46
	


	47-50
	


	51-53
	


	54-55
	


	56
	


	57-63
	Reserved



The 6-bit resource assignment can be supported by extending the existing DCI format 6-0A and 6-0B or using the NB-IoT DCI format N0. In any case, the new resource assignment field is only supported for DCI format mapped to UE specific search space given by the C-RNTI. For the DCI format mapped to the common search space the legacy resource assignment field is used to allow the fallback.
Proposal 3: Adopt Table 1 for the resource assignment indication when the sub-PRB mode is configured.
MCS/TBS mapping
In Rel-13 NB-IoT only QPSK is supported for multi-tone NPUSCH transmission. However, both QPSK and 16QAM are allowed in eMTC. Since the intension of the sub-PRB allocation is to improve the UL spectrum efficiency in general, not only for very low SNR. Using 16 QAM with sub-PRB allocation can further improve the PUSCH spectrum efficiency. In many applications, a low data rate UE may have a very small payload to transmit. In high SNR scenarios using the current minimum allocation of one PRB may be wasteful of UL resources. The UE may be able to transmit data with 16QAM modulation and 3 tones still meeting its performance requirement. The remaining fractional PRBs may then be used for other UEs. This can significantly boost the system capacity.
Proposal 4: 16QAM shall be supported for at least some of the UL sub-PRB resource allocation.
In deep coverage, the number of subcarriers allocated is expected to be small, e.g., 2 or 3. In this case, it is possible to further reduce PAPR and hence increase PA efficiency and transmit power by adopting TPSK [3]. Comparing TPSK and QPSK, the PAPR improvements are more than 2.5 dB for 2 tone allocation and more than 4.4 dB for 3 tone allocation.  TPSK and its associated DMRS design has been extensively studied. For detailed PAPR/CM analysis and DMRS signal design, see [3] [4] and the references therein. Like in the case of /2-BPSK and /4-QPSK, phase shift at symbol boundaries may be applied to further reduce the PAPR.
Proposal 5: Adopt TPSK for 2 or 3 tone allocations. 
· FFS if phase shift at symbol boundaries is applied
Design of TBS/MCS mapping can be based on either eMTC or NB-IoT. The existing eMTC TBS/MCS mapping table is preferred due to the support of 16QAM and larger TBS, e.g., up to 2984 bits for 1.4MHz. In such case, the number of resource unit for the sub-PRB allocation is treated as the number of PRBs when determining the TBS. It is also possible to extend the Rel-13 NB-IoT TBS/MCS mapping table for supporting 16QAM but this may increase UE complexity for implementing two different TBS mapping tables when both sub-PRB and normal PRB based resource allocations are supported. To include TPSK without increasing the TBS/MCS table size, 16QAM modulation is not supported when TPSK is configured and different TBS size is defined for TPSK.
[bookmark: _Hlk494462183]Proposal 6: The MCS/TBS mapping table for the sub-PRB allocation can be based on the existing eMTC with some entries associated with 16QAM redirected to new definition for TPSK in case TPSK is supported for the allocation. 
DMRS
For the sub-PRB based PUSCH, it is desirable that the DMRS occupies the same frequency as the data. For 3-subcarrier and 6 subcarrier resource unit, the Rel-13 NB-IoT multi-tone DMRS sequence can be reused. If 4-subcarrier resource unit is supported then a new DMRS sequence with length 4 is needed which can be determined by computer search to minimize the cross-correlation of the sequence. The time domain position of the DMRS symbol can be same as the legacy, e.g., the 4th symbol in normal CP and the 3rd symbol for extended CP. There is no need to increase the DMRS port density such as using more DMRS symbols per subframe.
[image: ]
Figure 2: UL DMRS for 4-subcarrier resource unit
Proposal 7: Reuse Rel-13 NB-IoT DMRS sequences if 3 and 6 subcarriers are supported or define new DMRS sequences if 2 and 4 subcarriers are supported.  

[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this document, we consider a possible way to increase PUSCH spectral efficiency by allowing the sub-RB allocation for PUSCH in eMTC similar to NB-IOT. In deep coverage scenario or in a high SNR scenario with low data rate, sub-PRB allocation may allow more UEs to be multiplexed in the same PRBs and hence increase system user capacity. We therefore make the following proposal:
Proposal 1: Support sub-PRB allocation in eMTC by adopting the resource unit design in NB-IoT.
Proposal 2: Down-select from the following two options for the supported number of subcarriers for sub-PRB allocation:
· Option 1: 2 and 4 subcarriers
· Option 2: 3 and 6 subcarriers
Proposal 3: Adopt Table 1 for the resource assignment indication when the sub-PRB mode is configured.
Proposal 4: 16QAM shall be supported for at least some of the UL sub-PRB resource allocation.
Proposal 5: Adopt TPSK for 2 or 3 tone allocations. 
· FFS if phase shift at symbol boundaries is applied
Proposal 6: The MCS/TBS mapping table for the sub-PRB allocation can be based on the existing eMTC with some entries associated with 16QAM redirected to new definition for TPSK in case TPSK is supported for the allocation. 
Proposal 7: Reuse Rel-13 NB-IoT DMRS sequences if 3 and 6 subcarriers are supported or define new DMRS sequences if 2 and 4 subcarriers are supported.  
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