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1 Introduction
There are following progress made related to design of DCI,
Agreements:
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)
· One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)
· On indicators for system information update, ETWS, and CMAS:

· Option A: Transmit in M-PDCCH 

· Option B: Transmit in PDSCH 

· FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or not

· FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

· The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

· Note: the ‘CE level’ can be replaced by a proper terminology later if needed

Working assumption:
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled

Agreement:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported

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)
Agreement: 
PUSCH HARQ feedback is realized using M-PDCCH.

· Note that this does not preclude HARQ feedback to multiple UEs by single M-PDCCH

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
This contribution discuss some details of DCI content and/format for MTC transmission. 
2 DCI for common message transmission 
2.1 DCI for paging
A Paging message includes paging record list, system information modification indication, ETWS indication and CMAS indication according to the existing specification. Paging record is agreed to be carried in M-PDCCH scheduled PDSCH. For the indication of system information update, ETWS, and CMAS, it is observed with benefits in terms of power consumption reduction for those to be conveyed by M-PDCCH. The reason is that a MTC UE by this approach can determine whether there is system update information immediately after detecting M-PDCCH without the need of further decoding the associated PDSCH. Also the acquisition of ETWS and CMAS is efficient if carried in M-PDCCH. This is more useful when UEs are operating coverage enhancement.
The total number of bits needed for indication of system information modification indication, ETWS indication and CMAS are 3 with each of 1 bit. The signaling of those in M-PDCCH should be not problematic.
In summary, the fields of DCI format for paging including other scheduling information are given in Table 1. The maximum DCI size could be 13. This applied to all coverage enhancement levels and can also be considered for low-complexity MTC UEs in normal coverage. See [1] for more discussion on this.
Proposal 1: The indication of system information modification, ETWS and CMAS for paging for MTC UEs is conveyed via M-PDCCH.  

2.2 DCI for RAR

As analyzed in our contribution [2], based on the working assumption that RAR are sent in M-PDCCH carried PDSCH, the new DCI format for scheduling RAR could include the following fields:
· Frequency hopping indication
· Narrowband indication

· MCS/TBS indication

· Repetition number adjustment

· Preamble indication
The total size of the RAR can be up to 26 bits. This applied to both low-complexity UEs and UEs operating coverage enhancement.

Table 1. Fields of new DCI format for Paging

	Field
	Number of bits
	Maximum bit number

	Frequency hopping indication
	2
	2

	Narrowband indication
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	MCS/TBS indication
	2
	2

	Repetition number adjustment
	2
	2

	System information modification
	1
	1

	ETWS
	1
	1

	CMAS
	1
	1

	Total
	
	13


Table 2. Fields of new DCI format for RAR
	Field
	Number of bits
	Maximum bit number

	Frequency hopping indication
	2
	2

	Narrowband indication
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	MCS/TBS indication
	2
	2

	Repetition number adjustment
	2
	2

	Preamble indication
	16
	16

	Total
	
	26


3 DCI for unicast transmission

To better accommodate the used DCI size to the radio condition and eNB/UE requirements, the working assumption is made considering the tradeoff between the benefits of new DCI formats and specification efforts of a number of new DCI formats. 

For small enhanced coverage, a very few number of repetition of M-PDCCH may be sufficient. In this case DCI signaling overhead should not be problematic and scheduling flexibility is more desirable. For example by 1~5 repetition, frequency hopping may not be needed during PDSCH transmission. Otherwise the retuning time shall be considered. So instead diversity gain in frequency can be obtained from DCI indicating the narrowband location of the first scheduled PDSCH.

When for example medium or large coverage enhancement is required, a pre-defined hopping pattern is beneficial for both DCI signaling overhead reduction and frequency diversity gain. With a smaller DCI size the number of M-PDCCH repetition can also be reduced, which is beneficial for UE power consumption reduction. Since the overhead is the main concern for DCI used in large coverage enhancement case, DCI sizes between these two cases are preferred to be different. The UE behavior should obey associated DCI under its corresponding repetition level. We have,

Proposal 2: Confirm the working assumption as the following
· For unicast, DCI format for no and small repetition levels are same. (e.g. =DCI format M1)

· For unicast, DCI format for other repetition levels are same. (e.g. =DCI format M2)
· DCI format M1 size and DCI format M2 size is different

· UE monitors only either DCI format M1 or DCI format M2
3.1 DL DCI format for no and small repetition levels
The necessity and modification to current fields and possible number of bits needed for MTC UEs are analyzed below:
· Fields of carrier indicator, localized/Distributed VRB assignment flag can be removed
· 1 bit for Flag for format0/format1A differentiation is useful
· Resource block assignment field is needed with reduced size due to narrowband size. Bitmap indication is preferred for the resource allocation within one narrowband.
· Modulation and coding scheme can be reduced to 4 bits.
· The other fields in DCI 1A include new data indicator, RV and TPC command can be reused.

· Narrowband indication field needs to be added. The number of bits can be dependent on the number of available narrowbands configured by eNB. The maximum bit number can be 4 and with offset indication as explained in [3] the bit number can be further reduced.
The summary of fields and number of bits needed for MTC UEs for no and small repetition levels are given in Table 3.
3.2 DL DCI format for other repetition levels
Other repetition levels for example include large coverage enhancement case, and can also include other, intermediate, levels. For such coverage limited scenarios, a smaller DCI size is motivated due to repetition and some of the above can be further reduced by optimization of coverage enhancement techniques. For example:

· The resource allocation within a narrowband can be performed by 3 bits if the granularity of resource allocation is 2 PRBs and bitmap indication is used.
· Fixed RV or RV change according to predefined pattern can be used. Thus, 2 bits for RV indication can be saved.
· If maximum transmit power is used for PUCCH transmission, TPC command for PUCCH may not be needed.

· DAI indication may not be needed if one-to-one relationship between DL transmission and UL feedback is established.

· Periodic SRS transmission may be enough. As a result, the field of SRS request can be removed.
· In addition, repetition level indication is required per the agreements. And in our view in for example large coverage enhancement, narrowband location is not needed to be indicated via DCI. However a frequency hopping pattern by a smaller number of bits could be useful for obtaining frequency diversity gain dynamically.

The above is also summarized in Table 3.
3.3 DCI for scheduling UL transmission
Similarly, Table 4 below shows the new DCI format for UL scheduling based on DCI format 0 in both normal and enhanced coverage. 
The design of RA indication of PDSCH and PUSCH are the same for both normal and small coverage case. And change of possible DCI format M3 to DCI format 0 is minor. The size of format M4 is very close to that of format M2. To minimize the blind detection of MTC UEs in FDD, we have 
Proposal 3: DCI format size for scheduling unicast PDSCH and PUSCH are same.
4 Conclusions

In this contribution we provided DCI content/format consideration for scheduling unicast PDSCH/PUSCH and common message for MTC UE when operating or not operating coverage enhancement. Our proposals are:
Proposal 1: The indication of system information modification, ETWS and CMAS for paging for MTC UEs is conveyed via M-PDCCH.
Proposal 2: Confirm the working assumption as the following

· For unicast, DCI format for no and small repetition levels are same. (e.g. =DCI format M1)

· For unicast, DCI format for other repetition levels are same. (e.g. =DCI format M2)
· DCI format M1 size and DCI format M2 size is different
· UE monitors only either DCI format M1 or DCI format M2.
Proposal 3: DCI format size for scheduling unicast PDSCH and PUSCH are same.
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Table 3. DCI for MTC DL unicast based on format 1A
	
	DL unicast in normal/small-enhanced coverage
	DL unicast in medium/large-enhanced coverage 

	
	Necessity of fields
	Number of bits
	Necessity of fields
	Number of bits

	Carrier indicator
	×
	0
	×
	0

	Flag for format0/format1A differentiation
	√
	1
	√
	1

	Localized/Distributed VRB assignment flag
	×
	0
	×
	0

	Resource block assignment
	√
	6
	√
	5

	Modulation and coding scheme
	√
	4
	√
	3

	HARQ process number
	√
	3 for FDD

4 for TDD
	
	2 

	New data indicator
	√
	1
	√
	1

	Redundancy version
	√
	2
	×
	0

	TPC command for PUCCH
	√
	2
	
	FFS: 0 or 2

	Downlink Assignment Index
	√
	2 for TDD
	
	2 for TDD

	SRS request
	
	FFS: 0 or 1
	×
	0

	HARQ-ACK resource offset
	√
	2
	√
	0

	Narrowband indication*
	√
	3
	×
	0

	Repetition number*
	N/A
	N/A
	√
	2

	Frequency hopping*
	N/A
	N/A
	
	FFS: 0 or 2

	Total
	
	up to 25 for FDD

up to 28 for TDD
	
	at least 14 for FDD
at least 16 for TDD


The * means possible new aspects to be included upon existing field of DCI format
Table 4. DCI for MTC UL unicast based on format 0
	
	UL unicast in normal/small-enhanced coverage
	UL unicast in medium/large-enhanced coverage

	
	Necessity of fields
	Number of bits
	Necessity of fields
	Number of bits

	Carrier indicator
	×
	0
	×
	0

	Flag for format0/format1A differentiation
	√
	1
	√
	1

	Frequency hopping flag
	√
	2
	√
	2

	Resource block assignment and hopping resource allocation
	√
	6
	√
	3

	Modulation and coding scheme and redundancy version
	√
	4
	√
	3

	New data indicator
	√
	1
	√
	1

	TPC command for scheduled PUSCH
	√
	2
	
	FFS: 0 or 2

	Cyclic shift for DM RS and OCC index
	√
	3
	√
	3

	UL index
	√
	2 for TDD 
	×
	0

	Downlink Assignment Index
	√
	2 for TDD
	
	2 for TDD

	CSI request
	√
	1
	√
	1

	SRS request
	
	FFS: 0 or 1
	×
	0

	Resource allocation type
	×
	0
	×
	0

	Narrowband indication*
	√
	3
	×
	0

	Repetition number*
	N/A
	N/A
	√
	2

	Total
	
	up to 24 for FDD

 up to 28 for TDD
	
	at least 16 for FDD

at least 18 for TDD


The * means possible new aspects to be included upon existing field of DCI format
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