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1 Introduction
In RAN1 #86, #86bis and #87 meeting, the following agreements on higher data rate features were made [1]:
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

· The following FeMTC features: 
1. HARQ-ACK bundling

2. Larger maximum TBS for 1.4MHz operation

3. Larger maximum TBS for 5MHz operation

4. Support of larger bandwidth
5. 10 HARQ processes for downlink
are enabled as follows:

· The UE reports capability to support a given feature

· Rel-14 BL/non-BL UE max PDSCH and PUSCH channel bandwidths are configured semi-statically through RRC signaling.

· This does not have an impact on whether the Rel-14 DCI formats should be same size or not as Rel-13 DCI formats.
· The eNB enables the other features by RRC reconfiguration

· Rel-14 BL/non-BL UE in CE Mode A support independent max PDSCH/PUSCH channel bandwidth configurations.

·  (Working assumption)When the 10 HARQ process feature is enabled by RRC,

· The HARQ Process Number field in the DCI is increased to 4 bits.
· Use 4-bit MCS field for PDSCH/PUSCH for BL/CE UE configured with larger max PDSCH/PUSCH channel bandwidth.

To support higher data rates for Rel-14 FeMTC UEs, we discuss the detailed DCI design for all related features including higher channel bandwidth, larger TBS, HARQ bundling and 10 HARQ processes for downlink.
2 DCI design for features to support higher data rate
HARQ-ACK bundling, larger maximum TBS, support of larger channel bandwidth and 10 HARQ processes for downlink are features to support higher data rate. 
After UE capability association, the above features to support higher data rate can be enabled by RRC reconfiguration which is sent to the UE together with configuration information of UE specific search space. The UE can blindly decode the corresponding DCI format according to the RRC reconfiguration.
2.1 Consideration on DCI design to support HARQ-ACK bundling

As discussed in [2], if HARQ-ACK bundling is supported for HD-FDD in CE mode A, HARQ-ACK timing can be determined according to the last received PDSCH before switching to UL. To resolve DTX issue, 2-bit Counter DAI is used to resolve the potential DTX issue.  If one HARQ-ACK bundling pattern is predefined for a given number of PDSCH TBs, considering that possibility of loss of 4 consecutive PDSCH TBs is extremely low, ‘Total DAI’ can be used to indicate the number of scheduled PDSCH TBs. .
Table 1 The content of DCI for HARQ-bundling in CE mode A
	Field
	Size (bits)

	…
	

	Count DAI
	2 (to resolve the potential DTX issue)

	Total DAI
	2 (to indicate number of scheduled PDSCH TBs)

	…
	


Proposal 1: For HARQ-ACK bundling in HD-FDD in CE mode A,
· 2-bit Count DAI is used to resolve DTX issue. 

· 2-bit Total DAI is used to indicate the number of Scheduled PDSCH TBs.
2.2 Consideration on DCI design to support larger channel bandwidth and larger TBS
As discussed in [3], for Rel-14 BL/non-BL UEs, the following operation cases with different channel bandwidths should be considered:
· In CE mode A:

· PDSCH: 1.4 MHz, 5 MHz or 20 MHz (non-BL only)
· PUSCH: 5 MHz or 1.4 MHz
· In CE mode B:

· PDSCH: 1.4 MHz, 5 MHz or 20 MHz (non-BL only)
· PUSCH: 1.4 MHz
According to the agreement “If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC”, the following DCI formats are defined for support of higher data rate in Rel-14 FeMTC.
· DCI format M1-1A used for scheduling PDSCH with max 1.4 MHz channel bandwidth in CE mode A.
· DCI format M1-2A used for scheduling PDSCH with max 5 MHz channel bandwidth in CE mode A.
· DCI format M1-3A used for scheduling PDSCH with max 20 MHz channel bandwidth in CE mode A.
· DCI format M0-1A used for scheduling PUSCH with max 1.4 MHz channel bandwidth in CE mode A. 
· DCI format M0-2A used for scheduling PUSCH with max 5 MHz channel bandwidth in CE mode A.
· DCI format M1-1B used for scheduling PDSCH with max 1.4 MHz channel bandwidth in CE mode B
· DCI format M1-2B used for scheduling PDSCH with max 5 MHz channel bandwidth in CE mode B.
· DCI format M1-3B used for scheduling PDSCH with max 20 MHz channel bandwidth in CE mode B.
· DCI format M0-1B used for scheduling PUSCH with max 1.4 MHz channel bandwidth in CE mode B. 
· UE monitors only either of following:
· to receive only DCI format M1-1A, M1-2A, M1-3A, M0-1A and DCI format M0-2A

· to receive only DCI format M1-1B, M1-2B, M1-3B and M0-1B
2.2.1 DCI format for PDSCH/PUSCH with maximum 1.4 MHz channel bandwidth
DCI format M1-1A/M0-1A is used for scheduling PDSCH/PUSCH with maximum 1.4 MHz channel bandwidth in CE mode A. For DCI format M1-1A,  ‘HARQ process number’ field is extended to 4 bits, other fields in DCI format 6-1A can be reused for DCI format M1-1A. The fields in DCI format 6-0A can be reused for DCI format M0-1A.
DCI format M1-1B/M0-1B is used for scheduling PDSCH/PUSCH with maximum 1.4 MHz channel bandwidth in CE mode B. The fields in DCI format 6-1B can be reused for DCI format M1-1B while the fields in DCI format 6-0B can be reused for DCI format M0-1B.
2.2.2 DCI format for PDSCH/PUSCH with maximum 5 MHz channel bandwidth
For Rel-14 BL and non-BL UEs, DCI format M1-2A is used for scheduling PDSCH with maximum 5 MHz channel bandwidth in CE mode A. Resource allocation related fields in DCI format M1-2A are shown in Table 2. Except for resource allocation related fields, other fields in DCI format M1-1A can be reused for M1-2A. 
Table 2 Resource allocation related fields in DCI format M1-2A 
	Field
	Size (bits)

	…
	

	Resource assignment
	9 (for 5 MHz system bandwidth)

11 (for 10 MHz system bandwidth)
12 (for 15/20 MHz system bandwidth)

	Modulation and coding scheme
	4

	Repetition number
	2

	HARQ process number
	4

	…
	


For Rel-14 BL and non-BL UEs, DCI format M0-2A is used for scheduling PUSCH with maximum 5 MHz channel bandwidth in CE mode A. Resource allocation related fields in DCI format M0-2A are shown in Table 3. Except for resource allocation related fields, other fields in DCI format M0-1A can be reused for M0-2A. 
Table 3 Resource allocation related fields in DCI format M0-2A
	Field
	Size (bits)

	…
	

	Resource assignment
	9 (for 5 MHz system bandwidth)

11 (for 10/15 MHz system bandwidth)
12 (for 20 MHz system bandwidth)

	Modulation and coding scheme
	4

	Repetition number
	2

	HARQ process number
	3

	…
	


For  Rel-14 BL and non-BL UEs, DCI format M1-2B is used for scheduling PDSCH with maximum 5 MHz channel bandwidth in CE mode B. Resource allocation related fields in DCI format M1-2B are shown in Table 4. Except for resource allocation related fields, other fields in DCI format M1-1B can be reused for M1-2B. 
Table 4 Resource allocation related fields in DCI format M1-2B
	Field
	Size (bits)

	…
	

	Modulation and coding scheme
	4

	Resource assignment
	3 (for 5 MHz system bandwidth)

4 (for 10 MHz system bandwidth)
5 (for 15/20 MHz system bandwidth)

	Repetition number
	4

	HARQ process number
	1

	…
	


2.2.3 DCI format for PDSCH with maximum 20 MHz channel bandwidth
For Rel-14 non-BL UEs, DCI format M1-3A is used for scheduling PDSCH with maximum 20 MHz channel bandwidth in CE mode A. Other fields in DCI format M1-2A except for ‘Resource block assignment’ can be reused for DCI format M1-3A.  Resource allocation related fields in DCI format M1-3A are shown in Table 5. Except for resource allocation related fields, other fields in DCI format M1-1A can be reused for M1-3A. 
Table 5 Resource allocation related fields in DCI format M1-3A
	Field
	Size (bits)

	…
	

	Resource block assignment
	4 (for 5 MHz system bandwidth)

8(for 10 MHz system bandwidth)

12(for 15 MHz system bandwidth)
16 (for 20 MHz system bandwidth)

	Modulation and coding scheme
	4

	Repetition number
	2

	HARQ process number
	4

	…
	


For Rel-14 non-BL UEs, DCI format M1-3B is used for scheduling PDSCH with maximum 20 MHz channel bandwidth in CE mode B. Resource allocation related fields in DCI format M1-3B are shown in Table 6. DCI format M1-1B, DCI format M1-2B and DCI format M1-3B have the same size.
Table 6 Resource allocation related fields in DCI format M1-3B
	Field
	Size (bits)

	…
	

	Modulation and coding scheme
	4

	Resource assignment
	3 (for 5 MHz system bandwidth)

4 (for 10 MHz system bandwidth)
5 (for 15/20 MHz system bandwidth)

	Repetition number
	4

	HARQ process number
	1

	…
	


Proposal 2:  For Rel-14 BL/non-BL UEs in CE mode A, 
· The following DCI formats are defined:
· DCI format M1-1A used for scheduling PDSCH with maximum 1.4 MHz channel bandwidth.
· DCI format M1-2A used for scheduling PDSCH with maximum 5 MHz channel bandwidth.
· DCI format M1-3A used for scheduling PDSCH with maximum 20 MHz channel bandwidth.
· DCI format M0-1A used for scheduling PUSCH with maximum 1.4 MHz channel bandwidth. 

· DCI format M0-2A used for scheduling PUSCH with maximum 5 MHz channel bandwidth.
· The DCI formats have following relationships:

· Number of information bits in format M1-3A >  Number of information bits in format M1-2A > Number of information bits in format M1-1A 

· Number of information bits in format M0-2A >  Number of information bits in format M0-1A
Proposal 3:  For Rel-14 BL/non-BL UEs in CE mode B, 
· The following DCI formats are defined:

· DCI format M1-1B used for scheduling PDSCH with maximum 1.4 MHz channel bandwidth.
· DCI format M1-2B used for scheduling PDSCH with maximum 5 MHz channel bandwidth.
· DCI format M1-3B used for scheduling PDSCH with maximum 20 MHz channel bandwidth.
· DCI format M0-1B used for scheduling PUSCH with maximum 1.4 MHz channel bandwidth. 
· Number of information bits in DCI format M1-1B, DCI format M1-2B, and DCI format M1-3B are the same.
Proposal 4: For a Rel-14 BL/non-BL UE, only DCI formats corresponding to CE mode of the UE are monitored.
Proposal 5: For Rel-14 BL/non-BL UEs, DL DCI format size and UL DCI format size are target to be the same.  
3 Conclusions
In this contribution, we have discussed detailed DCI design for all the sub-features to support higher data rate. We make the following proposals:
Proposal 1: For HARQ-ACK bundling in HD-FDD in CE mode A,
· 2-bit Count DAI is used to resolve DTX issue. 

· 2-bit Total DAI is used to indicate the number of Scheduled PDSCH TBs.
Proposal 2:  For Rel-14 BL/non-BL UEs in CE mode A, 

· The following DCI formats are defined:

· DCI format M1-1A used for scheduling PDSCH with maximum 1.4 MHz channel bandwidth.
· DCI format M1-2A used for scheduling PDSCH with maximum 5 MHz channel bandwidth.
· DCI format M1-3A used for scheduling PDSCH with maximum 20 MHz channel bandwidth.
· DCI format M0-1A used for scheduling PUSCH with maximum 1.4 MHz channel bandwidth. 

· DCI format M0-2A used for scheduling PUSCH with maximum 5 MHz channel bandwidth.
· The DCI formats have following relationships:

· Number of information bits in format M1-3A >  Number of information bits in format M1-2A > Number of information bits in format M1-1A 

· Number of information bits in format M0-2A >  Number of information bits in format M0-1A

Proposal 3:  For Rel-14 BL/non-BL UEs in CE mode B, 
· The following DCI formats are defined:

· DCI format M1-1B used for scheduling PDSCH with maximum 1.4 MHz channel bandwidth.
· DCI format M1-2B used for scheduling PDSCH with maximum 5 MHz channel bandwidth.
· DCI format M1-3B used for scheduling PDSCH with maximum 20 MHz channel bandwidth.
· DCI format M0-1B used for scheduling PUSCH with maximum 1.4 MHz channel bandwidth. 
· Number of information bits in DCI format M1-1B, DCI format M1-2B, and DCI format M1-3B are the same.
Proposal 4: For a Rel-14 BL/non-BL UE, only DCI formats corresponding to CE mode of the UE are monitored.

Proposal 5: For Rel-14 BL/non-BL UEs, DL DCI format size and UL DCI format size are target to be the same. 
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