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1. Introduction
In RAN1#55bis, it was agreed that uplink non-contiguous resource assignment within a component carrier is supported in LTE-Advanced:

· 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. 

Several contributions have been presented in [1]-[8] on PUSCH non-contiguous resource allocation signaling scheme. In this paper, we share our views on this topic.
2. DCI design for UL single antenna port transmission
The proposed approaches for UL single antenna port transmission can be classified into two types:

· Type I: Reusing DCI format 0 size
The main advantage for reusing DCI format 0 size is that no additional PDCCH blind decodings are required in support of UL non-contiguous resource allocation (RA).
Approach 1: Rel-8 type 2 RA is adopted for each cluster and up to two clusters are supported [1]. 
For a UE, each cluster is indicated by a RIV value within the corresponding span, and the RBG concept as in Rel-8 downlink is used. The sizes of two cluster spans are same. The RBGs in one span are indexed in the increasing frequency order starting at the lowest frequency, and the RBGs in the other span are indexed in the decreasing frequency order starting at the highest frequency. The FH bit is used to extend the RA field. Other fields in Rel-8 DCI format 0 are inherited. 
Since UE shall be able to dynamically fall back to SC-FDMA transmission [9], 1 flag bit is needed to distinguish non-contiguous RA and contiguous RA. Rel-8 DCI format 0 contains at least 1 padding bit, as shown in Table 1. Therefore, one of the padding bits can be reused as flag bit. 

Table 1: Rel-8 DCI format 0 sizes

	
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	FDD
	Total bits
	21
	22
	25
	27
	27
	28

	
	Padding bits
	2
	1
	2
	2
	1
	1

	TDD 
	Total bits
	23
	25
	27
	29
	30
	31

	
	Padding bits
	2
	2
	2
	2
	2
	2


Approach 2: Choosing 4 RBGs out of N and up to two clusters are supported [2] [3].
The resource allocation granularity is RBG and the total number of RBGs in UL is denoted as N. A cluster can be defined by two RBGs, indicating the cluster starting and ending frequency location, respectively. In order to indicate two clusters, the required number of resource allocation bits is
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The main disadvantage of this approach is that a complicated mapping rule shall be defined by specification and hence the corresponding specification effort.
Approach 3: Multiple UL grants [4].

This approach uses one Rel-8 DCI format 0 for scheduling for each cluster. Consequently, UE shall detect multiple UL grants for non-contiguous RA. The disadvantages of this approach are:
· PDCCH overhead linearly increases with the number of clusters.

· The reliability of scheduling is decreased, because multiple PDCCHs need to be correctly received.
· Possibly increased PDCCH blind decodings and PDCCH false detection probability.
· Type II: New DCI format

In Rel-8, RA type 0/1 for DL can support non-contiguous resource allocation. RA type 0/1 allows full scheduling flexibility and supports multiple numbers of clusters. Therefore, it is straightforward to adopt RA type 0/1 for non-contiguous PUSCH resource allocation in LTE-A. With the same system bandwidth, the required number of RA bits for RA type 0/1 is more than RA type 2, as shown in Table 2. Thus, a new DCI format is needed if RA type 0/1 is used for PUSCH non-contiguous resource allocation. A new DCI format potentially leads to more PDCCH blind decodings. In order to reduce the number of blind decodings, some methods have been proposed in [6]-[8], e.g. by associating UL. 
Table 2: The bits of RA type 0/1/2
	
	5MHz
	10MHz
	15MHz
	20MHz

	RA type 0/1
	13
	17
	19
	25

	RA type 2
	9
	11
	12
	13


3. DCI design for UL multi-antenna-port transmission
To support UL SU MIMO, at least one more DCI format shall be designed. The new DCI format for UL SU MIMO can adopt RA type 0/1 as in Rel-8 DL MIMO transmission. Therefore, eNB can flexibly configure non-contiguous RA or contiguous RA by one DCI format.
For UL SU MIMO transmission, dynamic fallback to single antenna port transmission shall be supported, similar to Rel-8 DL MIMO transmission. An additional advantage of reusing DCI format 0 size for single port transmission with non-contiguous RA is that UL SU MIMO can either fall back to single antenna port with contiguous or non-contiguous RA, without extra PDCCH blind decodings
4. Options for UL DCI format size in LTE-A

In LTE-A, due to the support of advanced UL features such as non-contiguous resource allocation and UL SU-MIMO, new DCI format size may be needed. Table 3 lists the possibilities of new UL DCI format sizes in LTE-A. From PDCCH blind decoding perspective, it is desirable that at most one additional UL DCI format sizes shall be monitored by a UE configured in a certain UL operating mode.
Table 3: Possibilities of new UL DCI format sizes in LTE-A

	Number of new DCI format sizes
	Support of non-contiguous UL RA
	Support of UL SU-MIMO

	0
	Same DCI format size as 0/1A
	Same DCI format size as 2/2A/2B, coupled with DL MIMO

	0
	Same DCI format size as 1/1B/1D, coupled with the DL transmission mode
	Same DCI format size as 2/2A/2B, coupled with DL MIMO

	1
	Same DCI format size as 0/1A
	New DCI format size

	1
	Same DCI format size as  1/1B/1D, coupled with the DL transmission mode
	New DCI format size

	1
	New DCI format size
	Same DCI format size as 2/2A/2B, coupled with DL MIMO

	2
	New DCI format size
	New DCI format size


5. Conclusions

In this contribution, we discuss UL DCI format design for non-contiguous PUSCH RA, as well as UL SU-MIMO in LTE-A. We also discuss the several possibilities of new UL DCI format sizes in LTE-A. Our current views are as following:
· In support of advanced UL features in LTE-A, at most 16 more PDCCH blind decodings are allowed.

· For UL SU-MIMO, a new DCI format shall be designed in LTE-A.

· UE configured with UL SU-MIMO shall only monitor the corresponding DCI format in UE specific search space.

· The new DCI format for UL SU-MIMO shall support RA type 0/1.

· For UL non-contiguous resource allocation, consider one of the following two options:

· The corresponding UL DCI format for non-contiguous resource allocation is of same size as Rel-8 DCI format 0, or
· A new DCI format shall be defined in support of non-contiguous PUSCH resource allocation

· A UE is semi-statically configured to monitor the DCI format for non-contiguous resource allocation or the DCI format for UL SU-MIMO.
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