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1 Introduction
LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity (BL) and coverage enhanced (CE) UEs. The Rel-13 BL UE supports 1.4 MHz max channel bandwidth and 1000 bits max TBS.

One of the objectives of the Rel-14 WI on Further Enhanced MTC (FeMTC) [1] is to specify the following improvements for higher data rate support for BL/CE UEs:

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

RAN1 agreements up to RAN1#87 are captured in [2], and include e.g. the following related to larger max TBS and larger PDSCH/PUSCH channel bandwidth: 
· a 5-MHz BL UE with 4008 bits max PDSCH/PUSCH TBS,

· a 1.4-MHz BL UE with 2984 bits max PUSCH TBS,

· a Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH channel bandwidth of either 5 or 20 MHz and a maximum PUSCH channel bandwidth of 5 MHz.

Furthermore, details on TBS determination for the Rel-14 BL UEs have been agreed. The remaining details related to TBS determination for non-BL UEs supporting CE mode A for a wider channel bandwidth are discussed in this contribution. 

2 Discussion
2.1 Max TBS for non-BL UE in CE mode A
In addition to the agreements listed above, the following agreements have been made [2]: 
· Supported modulation schemes for Rel-14 BL/CE UEs:
· PDSCH: QPSK, 16QAM

· PUSCH: QPSK, 16QAM 
· For non-BL UE configured with max 20 MHz PDSCH channel bandwidth, max DL TBS is 31704 bits.
· The PDSCH allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrowbands defined in LTE Release 13 for UEs configured with 20 MHz max PDSCH channel bandwidth 
· 96 PRBs is the maximum number of PRBs that can be allocated
However, upon inspection of existing MCS/TBS tables in 36.213, these agreements are not entirely consistent without considerable redesign of the MCS and/or TBS tables. Supporting a modulation scheme up to 16QAM implies that 
[image: image1.wmf]TBS

I

 up to 15 (corresponding to 
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 up to 16) is being used. For the Rel-13 and Rel-14 BL/CE UEs discussed this far, the 
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 has been further restricted to max 14 (corresponding to 
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 up to 15) in order to use 4 bits to indicate 
[image: image5.wmf]MCS

I

. While this is strictly not necessary for a Rel-14 non-BL UE supporting CE mode A, we consider this a desired feature, and is also proposed in [3]. 
Below, an excerpt from Table 7.1.7.2.1-1 in 36.213 is shown, from which it is clear that TBS can only be supported with 4 bits MCS/TBS indication for 109 or 110 PRBs, which is clearly not a viable option.
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	95
	96
	97
	98
	99
	100
	…
	108
	109
	110

	14
	27376
	27376
	28336
	28336
	28336
	28336
	…
	30576
	31704
	31704

	15
	29296
	29296
	29296
	30576
	30576
	30576
	…
	32856
	34008
	34008

	16
	30576
	31704
	31704
	31704
	31704
	32856
	…
	35160
	35160
	35160


Thus, since a major redesign of the MCS/TBS tables is undesired, we identify the following options going forward:
· Option 1: Keep 4 bits MCS/TBS indication, i.e 
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 and change the decision on max TBS to 27376 for 96 PRBs. 
· Option 2: Keep max 16QAM modulation but add an extra bit to allow 
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,  and change the decision on max TBS to 29296 for 96 PRBs. 
· Option 3: Allow 64QAM modulation for Rel-14 non-BL UEs configured in CE mode A by allowing 
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, thereby being able to support TBS 31704 bits using 96 PRBs. A consequence of this will be that the maximum TBS can be achieved also for lower numbers of PRB allocations. 

· Option 4: Increase the maximum number of PRBs to e.g. 100 in order to increase the maximum TBS somewhat. However, achieving a max TBS=31704 would still require 64QAM modulation. And more importantly, it has the drawback of not being limited to resource blocks that are part of narrowbands defined in LTE Release 13.
Since there is no fundamental reason to have a maximum TBS of 31704, we propose to follow Option 1 in order to minimize the negative impacts associated with the other alternatives. Furthermore, we do not consider the reduced TBS being a problem, since higher peak rates can be achieved anyway at moderate to high SNR levels for the non-BL UE by not being configured in coverage enhancement mode.  
Proposal 1 Change the agreement on maximum TBS for a Rel-14 non-BL UE configured in CE mode A to 27376 bits.
2.2 MCS/TBS table

Assuming that the maximum TBS is changed according to the proposal above, it is possible to use the applicable portions of the existing MCS/TBS tables for non-BL UEs configured in CE mode A.
Proposal 2 Use existing tables for determining modulation format and TBS for a non-BL UEs configured in CE mode A, with the restrictions  
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Thus, following these proposals, there is no need for additional MCS/TBS tables. Should any other option being agreed upon, a modification of the TBS table, e.g., similar to what has been agreed for a 5-MHz BL UE can be considered. 
For system bandwidths less than 20 MHz, the same TBS table can be used, only further restricting the number of used PRBs. Similarly, depending on the outcome related to resource allocation, e.g. according to the proposals in [4], it is possible that only a subset of the 
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 columns is applicable, but the existing table can still be used for this subset without any changes.
3 Conclusion

We have the following proposals:
Proposal 1
Change the agreement on maximum TBS for a Rel-14 non-BL UE configured in CE mode A to 27376 bits.
Proposal 2
Use existing tables for determining modulation format and TBS for a non-BL UEs configured in CE mode A, with the restrictions  
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