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Introduction
In the last RAN1 meeting, we discussed DCI design and showed some of our views [1]. 

In RAN1 #82 meeting, follows are agreed as working assumption:
	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)



In this document, we discuss the search space/RNTI and DCI contents of the followings. 
- DCI format for the scheduling of unicast MPDSCH
- DCI format for the scheduling of unicast MPUSCH
- DCI format for the scheduling of MPDSCH of RAR/Paging

Discussion
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Search space
For unicast, the search space and what RNTI is used is described as following.

Table 1: MPDCCH and MPDSCH configured by C-RNTI
	DCI format
	Search Space
	RNTI

	DCI format for the scheduling of unicast MPDSCH
	UE-specific search space by C-RNTI
	C-RNTI



Table 2: MPDCCH and MPUSCH configured by C-RNTI
	DCI format
	Search Space
	RNTI

	DCI format for the scheduling of unicast MPUSCH 
	UE-specific search space by C-RNTI
	C-RNTI



For common channels, the search space and what RNTI is used is described as following.

Table 1: MPDCCH and MPDSCH configured by P-RNTI
	DCI format
	Search Space
	RNTI

	DCI format for the scheduling of MPDSCH of Paging
	Common search space
	P-RNTI



Table 2: MPDCCH and MPDSCH configured by RA-RNTI
	DCI format
	Search Space
	RNTI

	DCI format for the scheduling of MPDSCH of RAR 
	Common search space
	RA-RNTI (CE-level-specific)[6]



DCI contents
Our view on the detailed DCI contents is following [2]~[7].

DCI format for the scheduling of unicast MPDSCH (FDD)
[bookmark: _Ref426622841]Table 3 Contents in DCI format for the scheduling of unicast MPDSCH
	Field Name
	Field Size
in No/Small Repetition case
	Field Size in Large Repetition case
	Remarks

	Modulation and coding scheme
	FFS
	FFS
	The size depends the MCS table. Field size would be reduced from 5 bits.

	HARQ process number
	3
	0
	1 HARQ process is assumed for large repetition case.

	New data indicator
	1
	1
	

	Redundancy version 
	2
	0
	In no/small repetition case, RV is indicated in the DCI.
In large repetition case, same RV is used during the coherent combining period. Fixed RV switching pattern is used among the coherent combining periods.

	TPC command for PUCCH
	2
	0
	Always transmitting maximum power for large repetition case.

	SRS request
	1
	0
	Aperiodic SRS is supported for no/small cases was agreed in RAN1 #80bis.

	HARQ-ACK resource indicator
	FFS
	FFS
	If implicit PUCCH resource determination is used and overlap of PUCCH region among narrowbands is considered, dynamic offset like ARO is needed. Detailed discussion is in [2].

	Narrowband indicator
	Band width dependent
	0
	In no/small repetition case, the size depends on number of narrowbands in a system bandwidth.
In large repetition case, the scheduled MPDSCH is transmitted in the same narrowband of the MPDCCH under the same hopping pattern [3].

	Resource block assignment
	5
	0
	In large repetition case, MPDSCH always fully occupy the narrowband.
In no/small repetition case, reduction is proposed in [4]. 

	Valid subframe indicator
	Up to 4 or 8 bits order
	0
	In large repetition case, valid subframes are indicated by MTC-SIB1.
In no/small repetition case, we propose to indicate them by DCI in addition to valid SF indicated by MTC-SIB1. Detailed discussion is in [5].

	Repetition/time location of PDSCH
	0
	3
	In no/small repetition case, valid subframe indicator and/or modulation coding field shows the repetition number.
In large repetition case, the maximum repetition number is indicated by RRC signalling. The actual repetition number is indicated. 




DCI format for the scheduling of unicast MPUSCH (FDD)

Table 6 Contents in DCI format for the scheduling of unicast MPUSCH
	Field Name
	Field Size
in No/Small Repetition case
	Field Size in Large Repetition case
	Remarks

	Modulation and coding scheme
	FFS
	FFS
	The size depends the MCS table. Field size would be reduced from 5 bits. 

	New data indicator
	1
	1
	

	TPC command for PUSCH
	2
	0
	Same as DCI format for unicast PDSCH

	SRS request
	1
	0
	Same as DCI format for unicast PDSCH

	CSI request
	1
	0
	In large repetition case, CSI feedback is not supported.
In no/small repetition case, aperiodic CSI feedback is supported [6].

	Cyclic shift for DMRS, OCC index and multiple subframe code index
	3~5
	3~5
	Legacy indicator of cyclic shift for DMRS, OCC index is 3 bits.
In [7], multiple subframe code spreading is proposed. If the code index is indicated dynamically, 2 bits are needed. Same field could be used for OCC index for and CDM code. The CDM code is also indicated by semi-static or UE-ID dependent like C-RNTI.

	Narrowband indicator
	Band width dependent.
	0
	Same as DCI format for unicast PDSCH

	Resource block assignment
	5
	2 or 3
	In large repetition case, one PRB is allocated to PUSCH. 2 or 3bits are used to indicate the PRB location in narrowband.
In no/small repetition case, if resource allocations are limited to 6PRBs in a narrowband, 5 bits are used for full flexibility [4].

	Valid subframe indicator
	4 or 5
	0
	Same as DCI format for unicast PDSCH

	Repetition/time location of PUSCH
	0
	3
	Same as DCI format for unicast PDSCH





DCI format for the scheduling of MPDSCH of RAR/Paging (FDD)
As proposed in [6], the DCI scheduling PDSCH carrying multiple MAC RARs is transmitted in CE-level-specific way. The DCI format can also be used for scheduling Paging message. 

Table 4 Contents in DCI format for the scheduling of MPDSCH of RAR/Paging
	Field Name
	Field Size
in No/Small Repetition case
	Field Size in Large Repetition case
	Remarks

	Modulation and coding scheme
	FFS
	FFS
	The size may be reduced further from DCI format 1X.

	TPC command for PUCCH
	2
	0
	Same as DCI format for unicast PDSCH 

	SRS request
	1
	0
	Same as DCI format for unicast PDSCH

	Narrowband indicator
	FFS
	0
	Same as DCI format for unicast PDSCH 

	Resource block assignment
	FFS 5 or less
	0
	Same as DCI format for unicast PDSCH 

	Valid subframe indicator
	FFS
	0
	Same as DCI format for unicast PDSCH 

	Repetition/time location of PDSCH
	0
	0
	Same as DCI format for unicast PDSCH 





Conclusion
In the contribution, we present our thoughts on detailed DCI design for MTC. This contribution is rather a summary on many of our views on MTC designs. 
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