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In RAN1#82 meeting we have the following agreement:
Agreement:
· For HD-FDD, FD-FDD and TDD, if the UE is operating with no repetition, the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12, except that:
· FFS if the number of DL HARQ processes should be increased for TDD with respect to that of Rel-8 for the case of no repetition 

And in RAN1#83 meeting the following agreements were made:
Agreement:
· The max TBS size is 1000 bits for both DL and UL
· Confirm the working assumption from RAN1#82:
RAN1#82 working assumption:
Same-subframe scheduling for PDSCH (i.e., the one associated with an M-PDCCH in the same subframe) for LC-MTC UEs is NOT supported
· Can revisit if significant issues are found especially regarding the number of HARQ processes
· For FDD, if the UE is operating in Mode A 
· the same max number of DL and UL HARQ processes as for Cat-0 UE in Rel-12
· For TDD, if the UE is operating in CE Mode A:
· the same max number of UL HARQ processes as for Cat-0 UE in Rel-12
· maximum number of DL HARQ processes is as below:
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	16

	6
	8



This contribution will review the background of previous agreements related to peak data rate and discusses the motivation and specification of supporting larger maximum TBS for TDD.
Motivation of supporting larger maximum TBS for TDD
The eMTC traffic model requires approximately ~1Mbps data rate because of the target market and use cases. This requirement is very important for the real implementation and market adoption of the eMTC feature. During the 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 FDD, because of cross-subframe scheduling there would be maximum 8 subframes within 1 radio frame that can be used for PDSCH transmission (corresponding to the 8 HARQ processes), resulting a peak data rate a little less than the 1 Mbps requirement. The same issue exists for TDD, though with more impact to the peak data rate as there are fewer DL subframes within one radio frame. In the end, and only for TDD DL, more HARQ processes are supported to mitigate the degradation of the DL data rate. 
However since 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 is still limited. To take the widely used TDD UL-DL configuration 2 as an example, the maximum UL data rate is only 200Kbps. This reduction of data rate will significantly restrict the deployment scenarios of TDD for MTC applications. To make TDD deployable for more MTC applications while keeping the specification impact marginal, one way is to support larger maximum TBS (at least for the UL) for R13 eMTC TDD. It appears that the specification impact for such a change is relatively small, as seen in the next section. A question that must be asked however is whether the increase in TBS to help enable MTC applications for TDD would also negatively impact the cost of the devices.
Looking into the previous study, it can be seen that the cost impact of supporting larger TBS for TDD is small. The reduced peak data rate (because of reduced TBS to 1000 bits from 5160 bits) can provide 2.5%-5% gains for UL according to [1], comparing to Cat-1 UE. If the TBS is instead set to a value such as 3240 the cost savings may instead be in the 1-2% range. Effectively, the cost of a TDD eMTC with 3240 bit UL TBS would be a few % more than for a 1000 bit TBS (and still less than an FDD eMTC device as it is more similar to HD-FDD). The biggest benefit however would be widespread manufacture and deployment of the TDD eMTC devices rather than significantly restricting the eMTC commercialization due to limited applications. 
Other approaches than increasing the UL TBS could be considered, such as modifying the mimic’ing operation for “Other UE” to support coverage enhancement with more than 1000 bits. Unfortunately, cat 0 UE also have the 1000 bit TBS limit, and cat 1 UE could have the coverage enhancement but not the needed cost benefit. 
In a summary to support larger maximum TBS for eMTC for TDD UL has significant benefits for the implementation of eMTC feature in the real market and no practical cost impact. Therefore, we propose
Proposal 1: The maximum UL TBS for LC/CE UEs for TDD is increased to 3240 bits within maximum 6PRBs.

Specification of larger maximum TBS
Specification impact on TS36.212
Some of the use cases such as elevator monitoring and child tracking which may require higher data rate likely need only small coverage enhancement. If the number of bits to indicate MCS is restricted to 4 in CE mode A as the current agreement, the maximum TBS is 1736 within 6PRBs for both UL and DL. For TDD, e.g. UL-DL configuration 2, the corresponding UL peak data rate is still far apart from the target. If MCS field supported in CE mode A for TDD increases to 5 bits, as LC/CE UEs are not capable of supporting 64QAM in PUSCH, they following the existing specification that modulation order [image: ]is first read from Table 8.6.1-1 in TS36.213 based on the R12 modulation order determination procedure and then is set to [image: ]. So the corresponding MCS index can be up to 28, without introducing 64-QAM to eMTC UEs. Further considering the code rate with the restriction of 6 PRBs, a maximum TBS of 3240 corresponding to MCS of 24 can be considered which enables the maximum UL data rate of 648kbps for TDD UL-DL configuration 2. 
The impact to TS36.212 would be increment of 1 bit for the field size of MCS in DCI format 6-0A.
Proposal 2: The size of MCS field in DCI format 6-0A is 5 bits for TDD.

Specification impact on TS36.213
The TBS look-up mechanism is not affected. The only modification would be more entries copied from the original TBS table to Table 8.6.1-2 for UL TDD as text proposal 1 in the appendix. 
Specification impact on TS36.306
A small modification to TS36.306 would be needed to capture the larger UL TBS for TDD. The UE capability/category discussion is expected to be completed in RAN1#84 meeting. An example note to Table 4.1A-2 in 36.306 is provided in text proposal 2 assuming that the rel-13 LC UE is specified as a UE capability on top of category 0. A similar modification could be made on top of a new UE category if one is defined. 
Conclusion
In this contribution we discussed the motivation and specification of supporting larger maximum TBS for TDD for eMTC. We have the following proposals: 
Proposal 1: The maximum UL TBS for LC/CE UEs for TDD is increased to 3240 bits within maximum 6PRBs.
Proposal 2: The size of MCS field in DCI format 6-0A is 5 bits for TDD.
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Appendix
· Text proposal 1 to TS36.213
--------------------------------------------------------- Start of TP -----------------------------------------------------
Table 8.6.1-2: Modulation and TBS index table for PUSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22



--------------------------------------------------------- End of TP -----------------------------------------------------


· Text proposal 2 to TS36.306 
--------------------------------------------------------- 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 0
(Note 1)
	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:	Within one TTI, a UE indicating category 0 and reduced bandwidth operation shall be able to transmit up to 3240 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI for TDD.



--------------------------------------------------------- End of TP -----------------------------------------------------
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