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1 Introduction
In RAN1 #86bis meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1]:
· 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

· FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration

· The eNB enables the other features by RRC reconfiguration

· FFS: dependency between different features
· E.g. a UE that supports 5MHz operation shall support larger maximum TBS.

To support higher data rates for Rel-14 FeMTC UEs, we discuss the considerations on the 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. As proposed in [2], to reduce the impact on MPDCCH blind decoding complexity, the larger bandwidth with larger TBS is enabled by RRC reconfiguration.
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 10 DL HARQ processes

3-bit HARQ process field was defined in existing DCI format to support maximum 8 HARQ processes. For HD-FDD and FD-FDD, support for maximum 10 DL HARQ processes in CE mode A is introduced for Rel-14 BL UEs To indicate up to10 HARQ process index, 3-bit HARQ process field can be increased to 4 bits. Alternatively, unused states of other fields in existing DCI format may be considered to indicate two more HARQ process numbers.
For Rel-14 BL and non-BL UEs with different PDSCH/PUSCH channel bandwidth in CE mode A, maximum 10 DL HARQ processes should be supported.
Proposal 1: Indication of HARQ process index should be considered for up to 10 DL HARQ processes.
· 3-bit ‘HARQ process number’ field is increased to 4 bits.

2.2 Consideration on DCI design to support HARQ-ACK bundling
As discussed in [4], if HARQ-ACK bundling is supported for HA-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, ‘Downlink Assignment Index’ filed is reused to indicate Counter DAI. One more indication bit is introduced to indicate whether current scheduled PDSCH is the last PDSCH before switching to UL. If current PDSCH is the last scheduled PDSCH, value of “1” is indicated; otherwise, value of “0” is indicated. An example is shown in Table 1.
Table 1 The content of DCI for HARQ-bundling in CE mode A
	Field
	Size (bits)

	…
	

	Downlink Assignment Index
	2 (to indicate Count DAI)

	Last PDSCH indication
	1 (value of ‘1’ indicates current PDSCH is the last scheduled PDSCH before switching to UL)

	…
	


Proposal 2: If HARQ-ACK bundling is supported for HA-FDD in CE mode A,
· ‘Downlink Assignment Index’ filed is reused to indicate Counter DAI. 

· 1-bit ‘Last PDSCH indication’ is introduced to indicate whether current scheduled PDSCH is the last PDSCH before switching to UL.
2.3 Consideration on DCI design to support larger channel bandwidth and larger TBS
AS discussed in [2], for Rel-14 BL UEs, resource allocation should consider the following operation cases with different channel bandwidths:
· Rel-14 1.4/5 MHz BL UE operates in Rel-13 CE mode A 

· Rel-14 1.4/5 MHz BL UE operates in Rel-13 CE mode B 

· Rel-14 5 MHz BL UE operates in CE mode A and CE mode B with a maximum PDSCH channel bandwidth of 5 MHz

· Rel-14 5 MHz BL UE operates in CE mode A with a maximum PUSCH channel bandwidth of 5 MHz
· Rel-14 5 MHz BL UE operates in CE mode B with a maximum PUSCH channel bandwidth of 1.4 MHz

For Rel-14 non-BL UEs in CE mode, resource allocation should consider the following cases:

· Rel-14 non-BL UE operates in Rel-13 CE mode A
· Rel-14 non-BL UE operates in Rel-13 CE mode B
· Rel-14 non-BL UE operates in CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 5 MHz

· Rel-14 non-BL UE operates in CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 20 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 5 MHz

· Rel-14 non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 20 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PUSCH channel bandwidth of 1.4 MHz

For Rel-14 BL/CE UEs, DCI format 6-1A/6-0A and DCI format 6-1B/6-0B can be reused if the UEs operate in maximum 1.4 MHz channel bandwidth in CE mode A and CE mode B.
2.3.1 DCI format for 5 MHz maximum PDSCH/PUSCH channel bandwidth
For Rel-14 BL and non-BL UEs, if the UEs operate in maximum 5 MHz PDSCH/PUSCH channel bandwidth, the supported maximum TBS is extended to 4008 bits. As discussed in [3], existing ITBS entry of 
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 is used for Rel-14 5-MHz BL UEs. The number of bits for MCS field to indicate IMCS for larger channel bandwidth is the same as Rel-13 eMTC. 4-bit ‘Modulation and coding scheme’ field can be reused.
For Rel-14 BL and non-BL UEs, if the UEs operate in maximum 5 MHz PDSCH channel bandwidth in CE mode A, based on the resource allocation scheme proposed in [5], the DCI format size is larger than DCI format 6-1A. A DCI format example is shown in Table 2.
Table 2 The content of DCI for 5 MHz PDSCH scheduling in CE mode A
	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
	3 or 4

	…
	


For Rel-14 BL and non-BL UEs, if the UEs operate in maximum 5 MHz PUSCH channel bandwidth in CE mode A, based on the resource allocation scheme proposed in [5], the DCI format size is larger than DCI format 6-0A. A DCI format example is shown in Table 3.
Table 3 The content of DCI for 5 MHz PUSCH scheduling in CE mode A
	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, considering that CSI feedback is not supported in CE mode B, DCI size of 5 MHz PDSCH channel bandwidth in CE mode B can keep the same as DCI format 6-1B. Resource assignment field is described in [5]. A DCI format example is shown in Table 4.
Table 4 The content of DCI for 5 MHz PDSCH scheduling in CE mode B
	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

	…
	


2.3.2 DCI format for 20 MHz maximum PDSCH/PUSCH channel bandwidth
For Rel-14 non-BL UEs, if the UEs operate in maximum 20 MHz PDSCH/PUSCH channel bandwidth in CE mode, as discussed in [3], the TBS table can reuse Table 7.1.7.2.1-1 in 36.213 with ITBS entry of
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. 4-bit ‘Modulation and coding scheme’ field in Rel-13 eMTC can be reused.
For Rel-14 non-BL UEs, if the UEs operate in maximum 20 MHz PDSCH channel bandwidth in CE mode A, the DCI format size can be different from the DCI size for 5 MHz PDSCH channel bandwidth. Other fields except for ‘Resource block assignment’ reuse the DCI format for 5 MHz PDSCH channel bandwidth in CE mode A. But ‘Resource block assignment’ field reuses type0/1 as legacy PDSCH. A DCI format example is shown in Table 5.
Table 5 The content of DCI for 20 MHz PDSCH scheduling in CE mode A
	Field
	Size (bits)

	…
	

	Resource block assignment
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 (P is Resource block group size)

	Modulation and coding scheme
	4

	Repetition number
	2

	HARQ process number
	3 or 4

	New data indicator
	1

	Redundancy version
	2

	…
	


For Rel-14 non-BL UEs, if the UEs operate in maximum 20 MHz PUSCH channel bandwidth in CE mode A, the DCI format size can be different from the DCI size for 5 MHz PUSCH channel bandwidth. Other fields except for ‘Resource block assignment’ reuse the DCI format for 5 MHz PUSCH channel bandwidth in CE mode A. But ‘Resource block assignment’ field reuses legacy PUSCH. A DCI format example is shown in Table 6.
Table 6 The content of DCI for 20 MHz PUSCH scheduling in CE mode A
	Field
	Size (bits)

	…
	

	Resource assignment
	
[image: image4.wmf]é

ù

÷

ø

ö

ç

è

æ

+

)

2

/

)

1

(

(

log

UL

RB

UL

RB

2

N

N



	Modulation and coding scheme
	4

	Repetition number
	2

	HARQ process number
	3

	New data indicator
	1

	Redundancy version
	2

	…
	


For Rel-14 non-BL UEs, if the UEs operate in maximum 20 MHz PDSCH channel bandwidth in CE mode B, considering that CSI feedback is not supported in CE mode B, DCI size of 20 MHz PDSCH channel bandwidth in CE mode B can keep the same as DCI format 6-1B. Resource assignment field is described in [5]. A DCI format example is shown in Table 7.
Table 7 The content of DCI for 20 MHz PDSCH scheduling in CE mode B
	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 3: For Rel-14 BL and non-BL UEs with maximum 5 MHz PDSCH channel bandwidth in CE mode A, the DCI format size is larger than DCI format 6-1A.
Proposal 4: For Rel-14 BL and non-BL UEs with maximum 5 MHz PUSCH channel bandwidth in CE mode A, the DCI format size is larger than DCI format 6-0A.
Proposal 5: For Rel-14 BL and non-BL UEs with 5 MHz PDSCH channel bandwidth in CE mode B, the DCI format size keeps the same as DCI format 6-1B.
Proposal 6: For Rel-14 non-BL UEs with maximum 20 MHz PDSCH/PUSCH channel bandwidth in CE mode A, the DCI format size is different from that for 5 MHz channel bandwidth:

·  ‘Resource block assignment’ field reuses resource allocation as legacy PDSCH/PUSCH.

· Other fields reuse the DCI format for 5 MHz PDSCH/PUSCH channel bandwidth in CE mode A.
Proposal 7: For Rel-14 non-BL UEs with 20 MHz PDSCH channel bandwidth in CE mode B, the DCI format size keeps the same as DCI format 6-1B.
3 Conclusions
In this contribution, we have discussed considerations on DCI design for all the sub-features to support higher data rate. We make the following proposals:
Proposal 1: Indication of HARQ process index should be considered for up to 10 DL HARQ processes.
· 3-bit ‘HARQ process number’ field is increased to 4 bits.

Proposal 2: If HARQ-ACK bundling is supported for HA-FDD in CE mode A,
· ‘Downlink Assignment Index’ filed can be reused to indicate Counter DAI. 

· 1-bit ‘Last PDSCH indication’ is introduced to indicate whether current scheduled PDSCH is the last PDSCH before switching to UL.
Proposal 3: For Rel-14 BL and non-BL UEs with maximum 5 MHz PDSCH channel bandwidth in CE mode A, the DCI format size is larger than DCI format 6-1A.
Proposal 4: For Rel-14 BL and non-BL UEs with maximum 5 MHz PUSCH channel bandwidth in CE mode A, the DCI format size is larger than DCI format 6-0A.
Proposal 5: For Rel-14 BL and non-BL UEs with 5 MHz PDSCH channel bandwidth in CE mode B, the DCI format size keeps the same as DCI format 6-1B.
Proposal 6: For Rel-14 non-BL UEs with maximum 20 MHz PDSCH/PUSCH channel bandwidth in CE mode A, the DCI format size is different from that for 5 MHz channel bandwidth:
·  ‘Resource block assignment’ field reuses resource allocation as legacy PDSCH/PUSCH.
· Other fields reuse the DCI format for 5 MHz PDSCH/PUSCH channel bandwidth in CE mode A.
Proposal 7: For Rel-14 non-BL UEs with 20 MHz PDSCH channel bandwidth in CE mode B, the DCI format size keeps the same as DCI format 6-1B.
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