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1
Introduction
In RAN#60 meeting, a new WI on low cost & enhanced coverage MTC is approved and the following objective is captured in WID[1].
· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.
In this contribution, discussions on the design of DCI format 0/1A based on the above conditions of sub-bullets are provided.
2
Discussions
In [2], the restriction of transmission mode is proposed as one of cost effective solutions for MTC. TM1 and TM2 are considered as basic transmission modes for backward compatibility while the adoption of the other transmission modes will be discussed and decided. When we consider UE specific search space in TM1 and TM2, DCI format 0/1A is commonly used for low cost MTC for fallback usage. In terms of DCI format 0/1A, we need to consider following aspects.
· Compact DCI for enhancing coverage
· Restriction of modulation order
· Restriction of TBS size
· Imbalance between uplink and downlink channel bandwidth
In [2], a compact DCI is proposed to help the scheme of repetition for the performance of (e)PDCCH coverage enhancements. More compact DCI can be considered to be one of preferable design approach for (e)PDCCH of MTC. In order to achieve a compact DCI, we can consider a size reduction for each possible field.
Modulation & Coding Scheme
The restriction of modulation order and TBS size are the schemes of reducing the cost of MTC UE and can reduce the size of related DCI fields like MCS. If we assume that the maximum available number of RBs is 6 and the maximum TBS size is about 1000 bits with QPSK modulation order, 3 bits MCS field may be appropriate for both uplink and downlink.
Cyclic shift for DM RS and OCC index
Restricting MU-MIMO to two UEs does not cause noticeable performance degradation and 1 bit can be enough as [3]. PHICH collision can be avoided by new mechanism as planned in [1].
Redundancy version
When modulation order is limited to QPSK, remarkable performance improvement by IR is not expected and single value of redundancy version can be enough. The field of redundancy version in DCI format 1A can be removed.
Resource block assignment
If we assume the downlink channel bandwidth is fixed to 1.4MHz and the uplink channel bandwidth can have larger bandwidth than the downlink, there could exist an imbalance of bandwidth between downlink and uplink. This causes a difference of resource block assignment field between DCI format 0 and 1A. When there is difference in the size between DCI format 0 and 1A, zero padding bits are inserted to the shorter DCI format in order to make the size of both DCI format equal. When uplink bandwidth is 20MHz, the number of these zero padding bits can be large. The zero padding bits does not contain any control information and causes the degradation of (e)PDCCH performance. These excessive zero padding bits need to be prevented as possible.
Considering the schemes to reduce the size of resource block assignment field in DCI format 0 and corresponding padding bits, we can have the following approaches.

· Alt 1: Increasing RBG size
The current resource allocation scheme for DCI format 0/1A is a contiguous resource allocation based on RB and the length of resource block assignment field can be reduced by introducing RBG instead of RB. If we allocate resource by the unit of RBG which consists of two RB, the length of resource allocation can be greatly reduced as proposed in [3]. It can cause the degradation in the performance of throughput because the granularity of resource allocation becomes coarse.
· Alt 2: Restricting maximum resource allocation
If we restrict the maximum allowable resource for each UE, the size of resource block assignment field can be reduced. For example, the size of resource block assignment field can be reduced to 
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 is the number of maximum allowable RBs. This scheme matches well with the schemes proposed for low cost MTC solutions as the restriction of transport block size or the number of RBs.

· Alt 3: Combination of Alt 1 and Alt 2
By combining Alt 1 and Alt 2, more compact resource allocation field can be possible.

If we consider the above point of design, the total size of compact DCI format 0/1A can be summarized as in Table 1 and 2. In the tables, the contiguous resource allocation (type 2 for downlink and type 0 for uplink) is assumed to be as the current specification. One RBG for Alt 1 and Alt 3 consists of two RB. The maximum allowable number of RBs for Alt 2 and Alt 3 is six same as full number of RBs for 1.4MHz downlink channel bandwidth.
From Table 1 and Table 2, Alt 3 can have the reduction of maximum 9 bits in DCI format 0 in case of 20MHz (from 43 bits to 34 bits). The maximum difference of size between DCI format 0 and DCI format 1A is also reduced from 7 bits to 2 bits by introducing Alt 3.
From the benefit that we can have more compact DCI format 0 to reduce the padding zero bits, we propose the following proposal.
Proposal:

The scheme to reduce the size of resource block assignment field in DCI format 0 or the number of zero padding bits should be introduced.
Table 1. Compact DCI format 1A

	                                   Bandwidth(MHz)
& #RBs
Field
	1.4

	
	6

	DCI format 0/1A flag
	1

	Localized/distributed VRB flag
	1

	RB assignment(original)
	5

	MCS
	3

	HARQ process number
	3

	NDI
	1

	Redundancy Version
	0

	TPC
	2

	CRC
	16

	Total(original RBA)
	32

	Total(Rel. 8, not compact)
	36


Table 2. Compact DCI format 0

	                      Bandwidth(MHz)

& #RBs

Field
	1.4
	3
	5
	10
	15
	20

	
	6
	15
	25
	50
	75
	100

	DCI format 0/1A flag
	1
	1
	1
	1
	1
	1

	FH flag
	1
	1
	1
	1
	1
	1

	RB assignment(original)
	5
	7
	9
	11
	12
	13

	RB assignment(Alt 1)
	-
	6
	7
	9
	10
	11

	RB assignment(Alt 2)
	-
	7
	8
	9
	9
	10

	RB assignment(Alt 3)
	-
	5
	6
	7
	7
	8

	MCS & RV
	3
	3
	3
	3
	3
	3

	NDI
	1
	1
	1
	1
	1
	1

	TPC
	2
	2
	2
	2
	2
	2

	DMRS Cyclic Shift
	1
	1
	1
	1
	1
	1

	CQI request
	1
	1
	1
	1
	1
	1

	CRC
	16
	16
	16
	16
	16
	16

	Total(original RBA)
	31
	33
	35
	37
	38
	39

	Total(Alt 1)
	-
	32
	33
	35
	36
	37

	Total(Alt 2)
	-
	33
	34
	35
	35
	36

	Total(Alt 3)
	-
	31
	32
	33
	33
	34

	Total(Rel. 8, not compact)
	35
	37
	39
	41
	42
	43


3
Conclusion
From the above discussions, we propose:
The scheme to reduce the size of resource block assignment field in DCI format 0 or the number of zero padding bits should be introduced.
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