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1. Introduction
In 3GPP RAN1 #82 meeting [1], following agreement and working assumptions are obtained 
Agreement:

· The 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 

· Study further the overhead, scheduling flexibility and any other aspects of the detailed RA until RAN1#82Bis

Working assumption:

· 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)

This paper discusses DCI format design for Rel-13 LC/CE UEs for different functionalities.     
2. Discussion
There are many discussions on DCI format and size for normal coverage and enhanced coverage. Based on the current progress, Table 1 summarizes possible DCI formats for different data packets scheduled by M-PDCCH under different CE levels.  

· Paging
As discussed in another paper [2], M-PDCCH for paging is transmitted by a highest CE level in a cell for all IDLE UEs whereas the paging message carried in PDSCH can be transmitted with a specific repetition number in case the CE levels of paged MTC UEs are informed by CN to eNB. Then, it will be beneficial to apply a common DCI format both in normal coverage and enhanced coverage to reduce UE complexity.  
 Proposal #1: A same DCI format/size for paging is applied in normal coverage and enhanced coverage.

· RAR

Different from paging, network can have the knowledge of UE CE level derived from the received RACH resource selected by the UE. Then, different DCI formats can be applied in normal coverage and enhanced coverage.  However, the DCI size difference is quite limited unless there is no narrow band indication in case of large CE levels, as discussed in a companion paper[3]. It’s slightly preferred to apply a same DCI format and size for RAR transmission with MAC RARs in normal and enhanced coverage. However, in case of RAR transmission with only Backoff Indicator but no any MAC RARs due to congestion, DCI for standalone BI transmission can be a different size than the DCI with the associated PDSCH for MAC RARs in order to save power and resources because of no need of carrying any scheduling information. Or the DCI for MAC RAR scheduling is reused for Backoff indication transmission.
Proposal #2: Apply a same DCI format/size for RAR is applied in normal coverage and enhanced coverage.
· Unicast data

To achieve scheduling gain, narrow band indication is necessary for normal coverage and small coverage, as agreed in last 3GPP RAN1 meeting. In case of large CE levels, the gain of frequency selective scheduling is diminished due to the overhead and delay for CSI measurement/reporting. Instead, frequency hopping can be applied for frequency diversity gain with no need of CSI measurement. Accordingly it’s not necessary to have the band indication unless it is used to point out the starting narrow-band for frequency hopping. Further, different modulation orders should be supported for unicast data transmission with HARQ. 

 Proposal #3: Consider to design different DCI format and sizes for unicast data in normal coverage and enhanced   coverage.
Observation #1: A narrow band indication within DCI is not necessary in case of large CE mode for unicast transmission unless it is used to indicate the starting narrow-band for frequency hopping. 
Table 1 DCI format comparison for different functionalities
	
	Unicast data
	Paging (with paging records in PDSCH)
	RAR (with MAC RARs in PDSCH)

	Narrow band indication
	· Indicated in DCI for normal /small coverage
· Known to UEs in case of large CE levels (unless the narrow band indication is to indicate the starting narrow-band for frequency hopping)
	· Indicated in DCI or known
	· Indicated in DCI or known

	Resource allocation within a narrow band
	· needed
	· needed
	· needed

	MCS
	· QPSK/16QAM in normal coverage
· QPSK in CE mode
	· QPSK
	· QPSK

	Repetition number
	· Needed in CE mode
	· Needed in CE mode
	· Needed in CE mode


In this table, resource allocation within the allocated narrow band is needed regardless of CE level. The main consideration is it’s not efficient to occupy a whole narrow band for transmission in case the payload size is quite small. Even in case of a larger repetition level, there is no much help to reduce repetition number by occupying the whole narrow band for a smaller payload, since the coding rate gain is limited. Then, resource allocation within an indicated or known narrow band is necessary. So, it can be concluded that a field for resource allocation within a narrowband is comprised in DCIs for both NC mode and CE mode. To reduce spec impact, legacy type 2 can be reused for detail resource allocation within a narrow band. However, the bitmap for indication of PRB allocation within the narrow-band is slightly preferred, because it will not increase the overhead too much while providing the sufficient scheduling flexibility.
Observation  #2: Resource allocation within a narrow band is needed regardless of CE level. 

According to Table 1, it can be noted that even a same DCI size could be used for paging and RAR to reduce spec effort and UE complexity. However, the DCI format can be different and determined by corresponding P-RNTI or RA-RNTI.  And the DCI size for unicast data transmission can be different in normal coverage and enhanced coverage. Further, the DCI size for unicast data transmission in enhanced coverage can be same as that for paging and RAR.

Observation #3: A same DCI size for both paging with paging records in PDSCH and RAR with MAC RARs in PDSCH can be applied to reduce complexity.
3. Conclusion
This paper summarizes possible DCI format design for paging, RAR and unicast data, and discusses resource allocation fields within DCI. Based on the analysis, some observations and proposals are obtained:

Observation #1: A narrow band indication within DCI is not necessary in case of large CE mode for unicast transmission unless it is used to indicate the starting narrow-band for frequency hopping. 
Observation #2: Resource allocation within a narrow band is needed regardless of CE level. 
Observation #3: A same DCI size for both paging with paging records in PDSCH and RAR with MAC RARs in PDSCH can be applied to reduce complexity.
Proposal #1: a same DCI format/size for paging is applied in normal coverage and enhanced coverage.
Proposal #2: Apply a same DCI format/size for RAR in normal coverage and enhanced coverage.
Proposal #3: Consider to design different DCI format and sizes for unicast data in normal coverage and enhanced   coverage.
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