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1 Introduction
R-11 EPDCCH was agreed to be the starting point for the design of physical downlink control channel for MTC for UEs in coverage enhancement. This contribution considers the necessary fields for the design of the DCI carried by M-PDCCH for MTC UEs operating and not operating coverage enhancement. We mainly focus on DCI for PDSCH in this contribution.
2 Necessity and impacts due to modification to existing DCI format 1A 
For low-complexity MTC UEs not operating coverage enhancement, current DCI format can be well used with very small modification. The only change for control of data transmission for a low-complexity MTC UE is limited to frequency resource assignment in this case, i.e. the narrowband location and further resource allocation within that. For a MTC UE not using repetition in time, the existing RA field which handles RA calculation across the system bandwidth can of course be applied to a narrowband without much spectral efficiency loss. So modification to DCI for UE in normal coverage can be limited.
It has been proposed in previous contributions that compact DCI is beneficial for MTC UEs operating coverage enhancement [1]. One reason is that current DCI with possible large amount of repetition will significantly increase signaling overhead. And some control fields within DCI can be reduced or eliminated as the scheduled codeword of PDSCH can be assumed subject to some control by default during repetition. Take one of the compact scheduling DCI format 1A as an example, this default assumption could possibly includes the following aspects and impacts on the data scheduling are also summarized in Table 1. So, if the DCI is changed and fields reduced, the total reduced size could roughly (due to some FFS points) range from 13 to 18 bits.
According to the analysis in Table 1, it seems that RB assignment and MCS fields, which are also retained in DCI format 1C, are needed. Other fields such as frequency hopping flag and TPC for PUCCH are likely to be retained, depending on other discussions. Some possible modifications to the existing DCI format 1A if reduction of DCI size may be needed when especially large coverage enhancement is operated. Also, because cross-subframe scheduling is supported in when not operating coverage enhancement, a dynamic indication is needed to ensure this capability. If narrowband location indication is implemented in DCI, this field of course can implicitly indicate whether cross-subframe scheduling is used or not. Thus we should at least confirm the relevant working assumption.
Proposal 1: Confirm the working assumption at least for the following parts
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI
Also the carrier indicator field (CIF) is not needed for R13 low-complexity MTC UE, so an easy way to implement indication of narrowband location can be adopted by re-purposing CIF as part of the up to 4 bits needed for cross-narrowband scheduling. 
Proposal 2: The existing DCI format 1A can be reused for low-complexity MTC UE not operating coverage enhancement with small modification.

· CIF bits are used to indicate narrowband location which implicitly supports cross-subframe scheduling.

Proposal 3: The essential fields including at least RB allocation, MCS, and frequency hopping flag in DCI format 1A/1C are retained with possible optimizations for DCI design for MTC UE operating coverage enhancement.

· FFS on further modification to other aspects.
3 Possible new aspects for DCI design for MTC

When motivating to reduce the unnecessary aspects of scheduling content in existing DCI format, e.g. DCI format 1A, some other aspects including time domain control come up to be necessary because of repetition. The possible aspects and impacts on DCI design are summarized in Table 2. If bits are added, the total newly added bits could range from 1 to 8 bits.
Because of less need for control in frequency domain and more need for control in time domain, the total DCI size needed for unicast PDSCH transmission when operating coverage enhancement is observed to be close to the existing DCI format 1C. Note that DCI format 1C is already intended for multiple use cases, i.e. PDSCH scheduling, MCCH change notification and TDD reconfiguration, so it is reasonable to consider reusing similar mechanism for MTC coverage enhancement with different interpretation of bit value so as to minimize specification work. Therefore we have:
Proposal 4: Consider modification to the existing DCI format 1C for the design of DCI for MTC UE operating coverage enhancement.
4 Conclusions

In this contribution we provided DCI content consideration for MTC UE especially when operating coverage enhancement. For normal coverage DCI forma 1A can be a starting point to be discussed and it is observed the total DCI size needed in CE may not be significantly reduced comparing to the existing DCI format 1C. Our proposals are:
Proposal 1: Confirm the working assumption at least for the following parts
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of narrow-band and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 
· FFS: Details on resource allocation field in DCI
Proposal 2: The existing DCI format 1A can be reused for low-complexity MTC UE not operating coverage enhancement with small modification.

· CIF bits are used to indicate narrowband location which implicitly supports cross-subframe scheduling.
Proposal 3: The essential fields including at least RB allocation, MCS, and frequency hopping flag in DCI format 1A/1C are retained with possible optimizations for DCI design for MTC UE operating coverage enhancement.

· FFS on further modification to other aspects.
Proposal 4: Consider modification to the existing DCI format 1C for the design of DCI for MTC UE operating coverage enhancement.
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Table 1. Possible modifications to DCI format 1A and impacts on MTC transmission

	Modifications
	Impacts
	saved bits

	No carrier indicator 
	Low-complexity UE may not need to use this field.
	3 (or 0)

	Fixed localized/distributed VRB assignment type
	According to some results [2] there’s very marginal gain that can be observed from distributed transmission (<0.5 dB even for 6 PRBs use case). FFS on this field.
	1

	Limited RB assignment
	This may allow a reduced number of bits to indicate RB assigned for a MTC UE, however at the same time will need additional bits (1 to 4 bits according to [3]) to provide narrowband location. Then the motivation of reducing DCI size is weakened. To take advantage of the existing CI field by 3bits, the other bit needed can be realized by higher layer signalling available narrowbands among all possible resource. Alternatively, the indication can be an offset apart from the M-PDCCH narrowband location. As M-PDCCH would be located somewhere within the system bandwidth, the possible value of offsets can be probably reduced by 3-bits indication while still enabling to assign the associated PDSCH across all available narrowbands.

Note the existing RA field still applies in this aspect. 

	0-5

	Configurable frequency hopping for a bundle of subframes
	Frequency hopping for PUSCH is simplest to indicate at L1.  
	0 

	Restricted Modulation and coding schemes 
	This field can be reduced due to lower bit rate.
	2

	Fixed or pattern-based redundancy version selection 
	Although how RV is selected within each bundle is not yet decided, dynamic indication doesn’t seem to provide promising gain.  Also it is possible to use chase combining.
	2

	Fixed TPC Command for PUCCH
	 It is not yet clear if this is needed for PUCCH considering the other CE techniques that are being introduced, so it may be possible to save these bits.
	0 - 2

	No downlink assignment index
	Not needed for low-complexity UE.
	2 for TDD

	No SRS request 
	Not preferred for low-complexity UE operating CE from also power reduction point of view.
	1 


Table 2. New aspects to be included in DCI for MTC

	Possible new aspects
	Reasons
	Needed bits

	Narrowband location indication
	If no overlapping among narrowbands, narrowband selection indication by up to 4 bits is needed by this field. 
	0 - 4

	Repetition number or CE level
	Assuming hundreds times of repetition is possible when required coverage enhancement is large, directly indication of repetition number is impracticable. On the other hand, even within one coverage enhancement level, the repetition number in different cells can be variable considering eNB implementation such as PSD boosting and respective channel environment. Thus, instead of establishing a one-to-one mapping between repetition number and CE level, some candidate numbers for each CE level are needed and could be RRC configurable. Then further indication by DCI of the exact repetition number/CE sub-level can be implemented with a few bits.
	1 - 3

	Timing relationship related indication
	If k is the starting subframe of associated PDSCH and n is the ending subframe of repeated M-PDCCH, k>0 and the relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE according to the agreements. To ensure cross-subframe scheduling (k>0), the value of k is preferred to be fixed. However in case that the ending subframe of M-PDCCH repetition is unknown to UE due to such as early-termination, additional indication may be needed during dynamic control.
	0 - 1



























































