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Introduction
This contribution is update of R1-151671 and discusses DCI design for Rel.13 MTC. We propose followings:
Proposal 1: To design different DCIs for large coverage enhancement case and for no/small coverage enhancement cases. The design for middle coverage enhancement case is FFS.
Proposal 2: For DL large coverage enhancement case, always 6 PRBs assignment of PDSCH is assumed in order to reduce resource assignment field size.
Proposal 3: For UL large coverage enhancement case, always 1 PRB assignment of PUSCH is assumed in order to reduce resource assignment field size. 
Proposal 4: Part of subframe usage could be indicated by resource assignment field for large coverage enhancement case.
Proposal 5: Transport block size determination takes into account the number of the repetition in time domain for large coverage enhancement.
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DCI design and coverage enhancement level 
Depending on the coverage enhancement level, MTC UE behaviour could be different. Some examples of the difference are listed in the following table 1.
Table 1. Examples of difference of the UE behaviour depending on the coverage enhancement level
	
	Large coverage enhancement
	No or small coverage enhancement

	Power control
	Always maximum power. Then no need to be controlled by DCI.
	Similar to normal UE would be beneficial.

	SRS request
	Maybe not necessary
	It would be useful.

	Aperiodic CSI
	Not necessary
	It would be useful.

	HARQ process
	One or only a few process could be sufficient because of the larger number of the repetitions
	Similar to normal UE would be beneficial in order to keep higher throughput.

	Resource assignment
	For DL, always 6 PRBs may be sufficient in order to reduce wake-up time.
For UL, always 1 PRB may be sufficient in order to have highest PSD.
	Resource assignment may be limited to 6 PRBs if 6 PRBs position in the system band is semi-static. Resource assignment may be system bandwidth if 6 PRBs position is dynamically indicated.


	Narrowband hopping pattern
	Operated narrowband frequency location is switched per X consecutive subframes to obtain hopping gain and combining gain

X should not be smaller than 4 [2] 
	For no or small coverage enhancement, small repetitions or no repetition is likely applied. Therefore, one possibility on narrowband pattern design is no frequency hopping to reduce retuning time and improve resource utilization. 
Another possibility is frequency hopping is more often than 4 ms to realize hopping gain for smaller repetitions.



In table 1, different DCI content is required for different coverage enhancement level. On the other hand, to have 4 types of DCI design respectively for no, small, medium and large coverage enhancement levels would complicate the whole system design. Therefore, we propose to design two types of DCI design i.e. for large coverage enhancement and no/small coverage enhancement for simplicity at first. Then later on, we could decide how to design middle coverage enhancement level on DCI usage. 
Proposal 1: To design different DCIs for large coverage enhancement case and for no/small coverage enhancement cases. The design for middle coverage enhancement case is FFS.

Resource assignment field for large coverage enhancement case 
Resource assignment field contributes large factor to DCI size. Therefore, its optimization is quite important. 
For downlink larger coverage enhancement level, as described in the table 1, always assuming 6 PRBs may be sufficient in order to reduce wake-up time as far as sufficient diversity can be obtained.  For uplink large coverage enhancement level, always assuming 1 PRB may be sufficient in order to have highest PSD. Those restrictions can reduce the resource allocation field size significantly. So we propose 
Proposal 2: For DL large coverage enhancement case, always 6 PRBs assignment of PDSCH is assumed in order to reduce resource assignment field size.
Proposal 3: For UL large coverage enhancement case, always 1 PRB assignment of PUSCH is assumed in order to reduce resource assignment field size. 

Resource assignment field and time domain relation for large coverage enhancement case 
In [1], we propose "k"(PDSCH start timing from the end of control) is variable in order to improve PRB usage efficiency and UE power consumption for large coverage enhancement case.  Depending on normal traffic, MBMS traffic, D2D traffic and so on, certain subframes during the repetition cannot be utilized for the MTC repetition. By such subframe usage indication by DCI, resource usage efficiency and UE power consumption can be optimized. Therefore, we propose part of subframe usage could be indicated by resource assignment field. Note subframe usage would not be determined only by resource assignment field but it would be the outcome of the combination with multiple signallings like RRC.  
Proposal 4: Part of subframe usage could be indicated by resource assignment field for large coverage enhancement case.

Resource assignment field and transport block size determination 
Currently modulation order and transport block size are determined by the number of resource blocks assigned in a subframe and MCS index field in DCI. 
For MTC large coverage enhancement case, modulation order is rather static. We proposed constant number of PRB usage in a subframe in proposal 2 and 3. Therefore, repetition times in time domain are the only variable parameter to determine transport block size. Therefore, transport block size determination should take into account the number of the repetition in time domain. 
Proposal 5: Transport block size determination takes into account the number of the repetition in time domain for large coverage enhancement case.

Conclusion
This paper mainly discusses DCI design in MTC. Based on the discussions, we would like to propose 
Proposal 1: To design different DCIs for large coverage enhancement case and for no/small coverage enhancement cases. The design for middle coverage enhancement case is FFS.
Proposal 2: For DL large coverage enhancement case, always 6 PRBs assignment of PDSCH is assumed in order to reduce resource assignment field size.
Proposal 3: For UL large coverage enhancement case, always 1 PRB assignment of PUSCH is assumed in order to reduce resource assignment field size. 
Proposal 4: Part of subframe usage could be indicated by resource assignment field for large coverage enhancement case.
Proposal 5: Transport block size determination takes into account the number of the repetition in time domain for large coverage enhancement.
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