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1 Introduction
In RAN#72, a new work item on further eMTC enhancement (FeMTC) was agreed [1], the objective includes the following contents to increase the peak rate supported by different UE types:
Higher data rates

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

· 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

· Up to 10 DL HARQ processes in CE mode A in FD-FDD
In the past meetings, the importance of larger TBS for TDD uplink was discussed [2]-[7], and it can enlarge the market of supported application scenarios with negligible cost addition. HD-FDD has the similar behavior as TDD and exists the similar issues.
This contribution will discuss the related motivation and specification changes for supporting larger maximum TBS for TDD and HD-FDD. Though larger PDSCH/PUSCH channel bandwidth can support larger TBS naturally, maximum PDSCH/PUSCH channel bandwidth aims to moderate-end MTC UEs. In this contribution, we only focus on supporting larger TBS for low-end UEs (i.e., UEs with maximum 
1.4 MHz RF bandwidth).
2 Motivation of supporting larger maximum TBS for TDD/HD-FDD
The Rel-13 MTC traffic model requires ~1 Mbps data rate because of the target market and use cases. This requirement is very important for the real implementation and market adoption of MTC applications. During the R13 work item, there were several sensitive decisions that traded some of this data rate for lower cost.

An example of such a decision was when adopting cross-subframe scheduling to reduce cost, the impact on peak data rate was concerned by several companies. Cross-subframe scheduling delays the data associated with a control assignment such that both do not need to be buffered and decoded simultaneously. For FD-FDD, because of cross-subframe scheduling there would be maximum 8 subframes within one radio frame that can be used for PDSCH transmission (corresponding to the 8 HARQ processes), resulting in a peak data rate a little less than the 1 Mbps requirement, of course, we can improve data rate by implementation (flexible scheduling strategy) or increase the number of DL HARQ process to 10 from 8. 
The same issue exists for TDD/HD-FDD, though with more impact to the peak data rate as there are fewer DL subframes within one radio frame. However, more HARQ processes are not helpful for UL because cross-subframe scheduling has no impact on PUSCH scheduling, the maximum uplink data rate for TDD/HD-FDD is still limited. To take the widely used TDD UL-DL configuration 2 as an example, the maximum UL data rate is only 200 kbps. For HD-FDD, if the number of available uplink subframe is smaller such as only 2 subframes are allocated, its maximum UL data rate is also 200 kbps. This reduction of data rate will significantly restrict the deployment scenarios of TDD/HD-FDD for MTC applications. To make TDD/HD-FDD deployable for more MTC applications while keeping the specification impact marginal, one way is to support larger maximum TBS (for the UL) for TDD/HD-FDD. As seen in the next section, the specification impact for such a change is relatively small. For HD-FDD, the relatively flexible scheduling strategy may be able to give some improvement in UL data rate, but  larger TBS is a more direct way. 
The cost impact of supporting larger TBS for TDD/HD-FDD is small. As analyzed in our companion contribution [8], the cost of a TDD/HD-FDD UE with 2984 bit UL TBS would be a 0.5%~1% more than for a 1000 bit TBS. The biggest benefit however would be widespread manufacture and deployment of the TDD/HD-FDD MTC devices rather than significantly restricting the MTC commercialization due to limited applications. 

To evolve based on Rel-13 eMTC, larger maximum TBS for CEMode A UEs with maximum 1.4MHz bandwidth in TDD/HD-FDD UL has significant benefits for the implementation of MTC feature in the real market and no practical cost impact. 
Proposal 1: The maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.
For UEs with higher channel bandwidth and supporting higher pear date rates (e.g., 2~3Mbps), we give our considerations in our companion contributions [8]
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[9].
3 Specification impact of larger maximum TBS
3.1 Specification impact on TS 36.212
For UEs to support UL maximum 2984 TBS in CEMode A, it can reuse the current DCI format 6-0A. The UE can derive larger TBS index according to the MCS index indicated in the DCI. Therefore, there is no impact on TS 36.212. 
3.2 Specification impact on TS 36.213
The current TBS look-up mechanism and table (Table 7.1.7.2.1-1) can be reused. The specification impact on TS 36.213 would be to determine the ITBS. The MCS index can indicate larger TBS for TDD or HD-FDD UEs supporting higher peak rate. As the maximum 2984 TBS on 6 PRBs corresponds to the ITBS=21, the ITBS can be IMCS+6 for UEs in CEModeA.  
A draft CR for this change can be found in [10]

3.3 Specification impact on TS 36.306 and 36.331
A small modification to TS36.306 would be needed to capture larger UL TBS for TDD/HD-FDD with a capability to distinguish from Rel-13 UEs. An example note to Table 4.1A-2 in 36.306 is provided in appendix assuming that the Cat M1 UE can support maximum 2984 bits TBS with larger TBS capability indication. CRs to 36.306 and 36.331 implementing these changes are in [11] and [12] respectively.
4 Conclusion

In this contribution, we discussed the motivation and specification of supporting larger maximum TBS for TDD/HD-FDD. We have the following proposal: 
Proposal 1: The maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.
Proposal 2: Technically endorse the draft CR to TS 36.213 in R1-167418.
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Appendix
· Text proposal to TS 36.306 
--------------------------------------------------------- Start of TP -----------------------------------------------------
Table 4.1A-2: Uplink physical layer parameter values set by the field ue-CategoryUL
	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	UL Category M1(Note 1)
	1000/2984
	1000/2984
	No

	UL Category 0
	1000
	1000
	No

	UL Category 3
	51024
	51024
	No

	UL Category 5
	75376
	75376
	Yes

	UL Category 7
	102048
	51024
	No

	UL Category 8
	1497760
	149776
	Yes

	UL Category 13
	150752
	75376
	Yes

	UL Category 14
	9585664
	149776
	Yes

	Note 1: for TDD/HD-FDD, Category M1 can transmit up to 2984 bits or up to 1000bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI.


<Omitted>
4.3.4
Physical layer parameters

<Omitted>
4.3.4.57
extendedMaxUL-TBS-r14

This field defines whether category M1 UE supports extended maximum UL TBS of 2984bits. 
--------------------------------------------------------- End of TP -----------------------------------------------------
