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1 Introduction
The following agreement and working assumption for MTC UEs have been reached in the previous 3GPP meetings.

Working assumption: (RAN1#80bis meeting)
· 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 

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

Agreements:(RAN1#81 meeting)
· Rel-13 low complexity UE supports only QPSK and 16QAM as modulation schemes for PDSCH
Working assumption: (RAN1#82 meeting)
· For unicast, DCI format for no and small repetition levels are same. (=DCI format M1)

· For unicast, DCI format for other repetition levels are same. (=DCI format M2)

· DCI format M1 size and DCI format M2 size can be different

· UE monitors only either DCI format M1 or DCI format M2

· FFS whether DCI format size for scheduling PDSCH and PUSCH are same or not

· If there are not the same, it means there will be M3 and M4 for the other link

· FFS M1 size and/or M2 size can be from the existing DCI format size(s)

In this contribution, we discuss DCI design for Rel-13 MTC UEs and UEs in enhanced coverage.

2 Discussion

DCI format M1
It was agreed that for unicast, DCI format for no and small repetition levels are same (=DCI format M1). DCI format 0 and DCI format 1A can be the starting point for the DCI design. It was agreed that resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband. Therefore, resource block assignment field for DL and UL grant needs to be modified to indicate the narrowband and the resource allocation within the narrowband. In addition, since 64QAM isn’t supported for Rel-13 low complexity UE and the maximum TBS is limited to 1000bits, the MCS field reduction can be considered. 
It was agreed that for UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers. Several bits in DCI should be used to indicate which repetition number in the configured set is used. For PDSCH/PUSCH without repetition, the repetition number is 1.
Proposal 1: For DCI format M1, resource block assignment field in DCI needs to be modified and MCS field reduction can be considered.
Proposal 2: For DCI format M1 for unicast PDSCH/PUSCH, the repetition number of PDSCH can be indicated by the DCI.
DCI format M2
For MTC UEs in medium/large enhanced coverage, more compact DCI format is necessary in order to enhance the M-PDCCH coverage and improve the system efficiency.
For PUSCH scheduling, at least the following bits can be considered to be eliminated or reduced from the current DCI format 0.

· RB assignment and hopping: since only 1 PRB within the narrowband is expected to be allocated to the PUSCH in enhanced coverage, 3 bits are sufficient
· MCS and RV: can be reduced to 3 or 4 bits as only QPSK and TBS smaller than 1000 bits are supported 
· TPC Command: not needed since maximal power is needed for PUSCH repetition
· CS and OCC Index 
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: not needed, since MU-MIMO shall not be supported in enhanced coverage to improve the coverage
· CSI Request: may not be needed if the eNB’s scheduling can rely on UE’s RSRP report
· SRS Request: may not be needed, same as  CSI Request
· UL Index: not needed due to PUSCH repetition
· DL Assignment Index (DAI): not needed because of there would be only one AN for one PDSCH due to PDSCH repetition
· C-RNTI/CRC: 16bits C-RNTI/CRC can be reduced to 8 bits if it is feasible 
Similarly, for PDSCH scheduling, at least the following bits can be considered to be eliminated or reduced from the current DCI format 1A.

· RB assignment: not needed if 6 PRBs are used for PDSCH repetition, or, at least can be reduced from 5 bits to 2bits to support large resources allocation granularity (i.e. 2 bits to indicate 3 cases: upper/lower 3PRBs or all 6 PRBs)  
· MCS: can be reduced to 3 or 4 bits as discussed above
· Distributed/Localized Flag: not needed, only localized  assignment is supported for MTC UEs
· RV: not needed, or a predefined RV pattern can be used for PDSCH repetition
· TPC Command: not needed 
· HARQ Process Number: can be reduced to 1 bit if at most2HARQ processes are needed 
· SRS Request: may not be needed
· DL Assignment Index (DAI): not needed because of there would be only one AN for one PDSCH due to PDSCH repetition 
· C-RNTI/CRC: 16bits C-RNTI/CRC can be reduced to 8 bits if it is feasible 
For DCI format M2 for unicast PDSCH/PUSCH transmission, as discussed in the case of DCI format M1, the repetition number of PDSCH/PUSCH needs to be informed to the MTC UE via DCI. In addition,  in case of medium and large coverage levels, frequency selection gain from cross narrowband scheduling cannot be achieved due to lack of accurate and prompt feedback. Therefore, there is no need to support cross narrowband scheduling for unicast PDSCH/PUSCH in case of medium/large coverage levels. 
For DCI format M2 for common PDSCH transmission, cross narrowband scheduling may be necessary to boost the capacity of RAR and paging message. On the other hand, the repetition number of PDSCH can be preconfigured for each repetition level. For example, the relationship between the repetition number for each repetition level and different TBS can be preconfigured in the SIB message. Then, the repetition number of PDSCH is not necessarily to be indicated in DCI format M2 for common PDSCH transmission. In addition, HARQ process number is not necessary thus can be eliminated.  
In order to keep the size of DCI format M2 unchanged for both unicast and common PDSCH repetition, one possible design is different interpretation of the same field in the DCI format M2, that is , the field for indication of HARQ process number and the repetition number of PDSCH in DCI for unicast PDSCH can be used for narrowband index indication in DCI for common PDSCH. 
Proposal 3: For PUSCH scheduling in medium and large repetition levels,, the following bits can be considered to be eliminated or reduced from the current DCI format 0: RB assignment and hopping, MCS and RV, TPC Command, CS and OCC Index 
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, CSI Request, SRS Request, DL Assignment Index (DAI), UL Index, C-RNTI/CRC.

Proposal 4: For PDSCH scheduling in medium and large repetition levels, the following bits can be considered to be eliminated or reduced from the current DCI format 1A: RB assignment, MCS, Distributed/Localized Flag ,TPC Command, RV, HARQ Process Number, SRS Request, DL Assignment Index (DAI), C-RNTI/CRC.
Proposal 5: Different interpretation of the same bits field in the DCI format M2 can be considered for unicast and common PDSCH repetition. 
3 Conclusions

In this contribution, we discuss DCI design for Rel-13 MTC UEs and UEs in enhanced coverage with the following proposals:

Proposal 1: For DCI format M1, resource block assignment field in DCI needs to be modified and MCS field reduction can be considered.
Proposal 2: For DCI format M1 for unicast PDSCH/PUSCH, the repetition number of PDSCH can be indicated by the DCI.
Proposal 3: For PUSCH scheduling in medium and large repetition levels,, the following bits can be considered to be eliminated or reduced from the current DCI format 0: RB assignment and hopping, MCS and RV, TPC Command, CS and OCC Index 
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, CSI Request, SRS Request, DL Assignment Index (DAI), UL Index, C-RNTI/CRC.

Proposal 4: For PDSCH scheduling in medium and large repetition levels, the following bits can be considered to be eliminated or reduced from the current DCI format 1A: RB assignment, MCS, Distributed/Localized Flag ,TPC Command, RV, HARQ Process Number, SRS Request, DL Assignment Index (DAI), C-RNTI/CRC.
Proposal 5: Different interpretation of the same bits field in the DCI format M2 can be considered for unicast and common PDSCH repetition.
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