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1. Introduction
The following enhancements introduced under Rel-14 feMTC will have impact on DCI  
· support of 10 HARQ processes 
· HARQ-ACK bundling for HD-FDD 
· Larger max PDSCH channel bandwidth 
· VoLTE enhancements 
The following enhancements introduced under Rel-14 feMTC will not  have any DCI impact:
· SRS coverage enhancement
· Larger max PUSCH TBS for 1.4MHz channel bandwidth
· OTDOA enhancements
· Reduced guard period
In this contribution we focus on DCI design with focus on the first group of features. We ignore here DCI details related to multicast support. We also focus on CE mode A only
2. RRC Configuration and required signaling 
In this section we described per-feature, how it is configured and what info needs to be included in the DCI if UE is configured with the feature. 
Support of 10 HARQ processes
· Once configured with the RRC parameter [ce-pdsch-tenProcesses], UE simply needs to monitor for the proper process number in the DCI. No need for dynamic switching here. 
· The required DCI info needed is therefore only 1 extra bit needs to be added to DL grant.
HARQ-ACK bundling for HD-FDD 
· Once configured with RRC parameter [ce-HarqAckBundling] UE can be potentially expect a bundled transmission with modified HARQ delay. But also, according to RAN1 agreement, non-bundled transmission is still possible without re-configuring RRC parameter. 
· The required information needed here is the HARQ-ACK delay per each of the transport blocks as well the bundle size. This is described in our contribution [1]
· In [1] we propose one solution, in which the delay is derived implicitly from the HARQ ID (0 bits). We propose another solution where delay is indicated by a dedicated field (2 bits). For deriving the bundle size we suggest adding a flag (1 bit) which indicates whether bundling is enabled or not. If bit is set → UE re-use repetition number 2-bit field for deriving the bundle size. If bit is clear → UE will assume non-bundled transmission and will read repetition field normally   


Larger max PDSCH/PUSCH channel bandwidth
· Configured with [ce-pdsch-maxBandwidth-config] BL UE may operate with larger channel bandwidth of 5MHz (non-BL UE can also be configured with 20MHz).
· There is no need to switch dynamically between 1.4MHz to 5MHz channel bandwidth through the DCI. This can be handled by the resource allocation. 
· This feature requires modification with the following fields: RBA bits. Proposals differ between DL and UL and require up to +3 bits for DL allocation to achieve good diversity and flexiblity
· RAN1 agreement is to keep MCS of 4 bits, so no extra bits needed here
VoLTE enhancements: 
· Two enhancements can be configured here – support new repetition factors and adjusted PDSCH-to-HARQ ACK delay. Both are only enabled/disabled via RRC signalling, no need to support dynamic behaviour. In our view it is possible to support both with same RRC bit
· To support extended set of repetition numbers, 1 extra bit is needed for the repetition number field. 
· To support adjusted timing relationship between PDSCH-to-HARQ ACK delay, we believe exactly the same mechanism that is proposed for HARQ-ACK bundling can be supported here and no new signalling is needed. That is, either 0 DCI bits or +2 DCI bits are needed, depends on the solution. We elaborate on this under another contribution [3] 
3. DCI design
Below tables describes the DCI size assuming TM2 for DL and 20MHz DL/UL system bandwidth
DCI design for DL grant in CE mode A
The starting point for DCI design for CE mode A is DCI format 6-1A 
	
	Baseline
	10 processes
	ACK(Note1) bundling
	ACK(Note2) bundling
	Larger(note3) DL BW
	VoLTE(note4) enhanc.

	Flag format 6-0A/6-1A different.
	1 
	
	
	
	
	

	Frequency hopping flag
	1
	
	
	
	 
	

	Resource block assignment 
	9
	
	
	
	
	

	Modulation and coding scheme 
	4
	
	
	
	
	

	Repetition number 
	2
	
	re-use* 
	re-use*
	
	+1

	HARQ process number 
	3
	+1
	
	
	
	

	New data indicator 
	1
	
	
	
	
	

	Redundancy version 
	2
	
	
	
	
	

	TPC command for PUCCH 
	2
	
	
	
	
	

	SRS request 
	1
	
	
	
	
	

	HARQ-ACK resource offset 
	2
	
	
	
	
	

	DCI subframe repetition number 
	2
	
	
	
	
	

	HARQ-ACK delay 
	
	
	
	+2
	
	0 or +2

	HARQ-ACK bundled flag
	
	
	+1
	+1
	
	

	Bundle size 
	
	
	
	 
	
	

	Narrowband bitmap 
	
	
	
	
	+3
	

	Total  
	30
	31
	31
	33
	33
	31 or 33


Note1*: based on option A in R1-1701843 [1]
Note2*: based on option B in R1-1701843 [1]
Note3: Based on R1-1611621 [4]
Note4: Based on R1-1701845 [3] 

DCI design for UL grant in CE mode A
The starting point for DCI design for CE mode A is DCI format 6-0A 
	
	Baseline
	Larger(Note1)  UL BW
	VoLTE(Note2) enhanc.

	Flag format 6-0A/6-1A different.
	
	
	

	Frequency hopping flag
	1
	
	

	Resource block assignment 
	9
	+1
	

	Modulation and coding scheme 
	4
	
	

	Repetition number 
	2
	
	+1

	HARQ process number 
	3
	
	

	New data indicator 
	1
	
	

	Redundancy version 
	2
	
	

	TPC command for  PUSCH 
	2
	
	

	SRS request 
	1
	
	

	DCI subframe repetition number 
	2
	
	

	HARQ-ACK delay 
	
	0
	0 or 2

	Padding
	
	
	

	Total  
	30
	TBD
	30 or 32


Note1: Based on R1-1611100 [5] 
Note2: Based on R1-1701845 [3] 
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