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1. Introduction

In RAN1#54bis, non-contiguous resource allocation was agreed as a new UL transmission feature for LTE-A to as follows:
· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO

In the last meeting, it was agreed that frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation. However, there are remaining aspects that should be considered in designing DCI format for UL non-contiguous resource allocation.
In this contribution, we discuss on the DCI formats for non-contiguous resource allocation.
2. DCI format for non-contiguous resource allocation
2.1. Considerable Aspects
· Dynamic fallback to contiguous resource allocation should be supported
According to the current proposals [1]-[6], RBG granularity allocation may be inevitable to support non-contiguous resource allocation. However, in order to adapt dynamic change of UE channel state and available RB for the UE, dynamic fallback to contiguous allocation with 1RB granularity (such as DCI format 0) should be supported. In this context, separate UL Tx mode only for non-contiguous resource allocation is not preferred.
· Small format size is desired for PDCCH cell coverage.

Cell edge UE throughput gain as well as sector throughput is also shown with non-contiguous resource allocation according to the system simulation result [7]. For PDCCH cell coverage and efficient utilization of CCEs, small DCI format size is desired.
· Current LTE format size

In current LTE system, there are 8 DL Tx modes and a single UL Tx mode. Thus, 8 DL/UL Tx mode combinations are possible. Every combination has 2 sizes according to the DCI formats for PDSCH/PUSCH scheduling. Size_A is a basic size for DCI format 1A and 0 which are supported in all Tx modes, and Size_B varies according to the format selected by the configured DL Tx mode.

Table 1: Tx modes and corresponding DCI formats in LTE
	TX mode
	DCI Format
	Tx scheme of PDSCH/PUSCH

	
	Size_A
	Size_B
	

	DL
	1
	1A
	1
	Single antenna port

	
	2
	
	1
	Transmit diversity

	
	3
	
	2A
	OL SM

	
	4
	
	2
	CL SM

	
	5
	
	1D
	MU-MIMO

	
	6
	
	1B
	CL rank-1 precoding

	
	7
	
	1
	Tx using antenna port 5

	
	8
	
	2B
	DL dual layer Tx using antenna port 7 and 8

	UL
	1
	0
	
	PUSCH grant


· Additional blind decoding is not desirable to support non-contiguous resource allocation.

In LTE-A system, blind decoding capacity for a UE is inevitably multiplied due to the carrier aggregation. Therefore, it is not desirable to burden a UE additional DCI format size only to support non-contiguous resource allocation. However, we can consider possible additional blind decoding capacity for a UE due to UL MIMO. For UL MIMO mode(s), additional new DCI format(s), referred to ‘0X’ for UL spatial multiplexing will be needed in order to carry MIMO-related information such as 2nd TB size, precoding information, etc. Depending on the discussion of UL MIMO, Size_C can be considered as additional format size for UL multiple Tx mode(s), which will cause additional blind decoding trials for decoding DCI formats.

· To support flexible mapping and to achieve full throughput gain, schemes that support more than 2 clusters are considered if possible.

System throughput gain with more than 3 clusters is shown in [8-10]. However, MPR in order to meet the Rel-8 radio requirements mentioned in LS from RAN4 [11] is not considered. If the gain is still valid in consideration of MPR, schemes that support more than 2 clusters are considered if possible.
2.2. DCI formats for UL in LTE-A
When it comes to non-contiguous resource allocation, there have been several DCI format proposals for non-contiguous resource allocation and can be categorized as follows, in respect to DCI format size:
· Format keeping a same size with DCI format 0 [1]-[4] (referred to Format 0A-1 hereafter):
· It keeps the same size as DCI format 0 for all bandwidth configuration

· No additional format size, then, no additional blind decoding

· In some cases of some proposal, size increase is needed around 1~2 bits.
· Instead, the number of clusters is limited to 2

· Scheduling flexibility and system throughput gain can be limited.
· 1 bit flag indicates contiguous/ non-contiguous RA. 
· Format 0A-1 replaces DCI format 0
· Format having different size from DCI format 0 [5]-[6] (referred to Format 0A-2 hereafter):
· It cannot provide the same size format as DCI format 0 for all bandwidth configuration
· Additional blind decoding or semi-static configuration by defining Tx mode is needed.
· Instead, the number of clusters is more than 2
· More flexible resource allocation possible than format 0A-1
· Additional system throughput can be achieved [8]-[10]
In consequence, our views on DCI format for the non-contiguous resource allocation are depicted in figure 2:
· Format 0A-1 is adopted as a basic DCI format for all UL Tx mode.
· Format 0A-2 may be considered in case of UL non-MIMO Tx mode.

· Format 0A-2 is semi-statically configured and categorized into Size_C when MIMO is not configured, if an additional DCI format size is adopted for UL MIMO Tx mode and non-contiguous resource allocation with more than 2 clusters gives system throughput gain.
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Figure 2: DCI format sizes for configured TX mode in LTE-A

3. Summary

In this contribution, we discussed on the DCI format for non-contiguous resource allocation. Our views on DCI format for the non-contiguous resource allocation are as follows:

· Dynamic fallback to contiguous resource allocation should be supported and separate UL Tx mode for non-contiguous resource allocation is not preferred.
· Format keeping the same size with DCI format 0 is adopted as a basic DCI format for all UL Tx mode.

· In addition to above format, a format having different size from DCI format 0 may be considered for more flexible uplink resource allocation in case of UL non-MIMO Tx mode if additional blind decoding capacity for a UE is adopted for UL MIMO Tx mode.
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