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1. Introduction
In LTE-A UL, it was agreed that non-contiguous data transmission is applied within a component carrier (CC) in RAN1#55bis [1].
· 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
Following way forward for PUSCH resource allocation was proposed [2].
1. Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission.
2. DL/UL transmission mode can be configured independently.

3. Size of each cluster is one of the following: 

· N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is integer number)

· Above values may be further reduced

4. No additional blind decoding at least for single antenna transmission.

· FFS: for UL SU-MIMO

5. The number of clusters and detailed signalling method: FFS

6. Whether to support non-contiguous RA for UL SU-MIMO: FFS
In this contribution, we discuss DCI format design which satisfies above way forward (WF). Furthermore, we clarify the optimum DCI format design for non-contiguous resource allocation depending on the maximum number of clusters.
2. Options of DCI format design for UL non-contiguous resource allocation with single antenna transmission
We discuss the options of DCI format design for UL non-contiguous resource allocation (NCRA) with signal antenna (SA) transmission. 
Option1: Reuse the size of DCI format 0/1A 
   Table1 shows the size of DCI format for DL and UL when option1 is assumed. Format0A denotes DCI format for UL NCRA. Format0A is aligned with DCI format0/1A, In [3,4], it was proposed that the RBA size for format0A can become same as that of format 0/1A for LTE. In this case, 1 flag bit is needed to distinguish format0A and format 0/1A. Since format0 has extra bits, the bits can be used for flag bit. Even if multi antenna (MA) transmission is assumed in DL transmission, option1 satisfies the all bullets in WF. However, the maximum number of clusters to be supported is up to 2. Pros and cons are as follows.
Pros
· Overhead for RBA can be minimized
Cons

· Since the maximum number of clusters to be supported is up to 2, the gain from NCRA can not be maximized. 
Table1 Option1

	
	Size1
	Size2
	Size3

	UL SA transmission
DL SA transmission
(DL tx mode : 1)
	Format0/0A/1A
[UL SA CRA/NCRA
DL SA CRA]
	Format1

[DL SA NCRA]
	-

	UL SA transmission
DL MA transmission
(DL tx mode : 4)
	Format0/1A/0A

[UL SA CRA/NCRA,

DL SA CRA]
	Format2
[DL MA NCRA]
	-


SA: single antenna MA: multi antenna
CRA: contiguous resource allocation NRA: non-contiguous resource allocation

Option2: Reuse the size of DCI format for Rel-8 LTE DL
   In option2, the size of format0A is aligned with DCI format for Rel-8 LTE DL. It is straightforward to reuse the type 0 and/or type1 allocation which is supported Rel-8 LTE DL allocation. If SA transmission is assumed for DL, the size of format0A is aligned with format1 for Rel-8 LTE DL to avoid additional blind decoding. In this case, it is needed to distinguish format0A and format 1. How to distinguish format0A and format1 using RRC signalling was proposed in [5]. If the SA transmission is assumed in bath of UL and DL, option2 satisfies all bullets in WF. In following parts, we discuss the options for UL NCRA with SA transmission when MA transmission is assumed in DL. 

Option2-1: Reuse the size of format1
When MA transmission is assumed in DL, the size of format0A is aligned with format1. Option2-1 is divided into 2 options depending on DCI format for UL CRA.
 Table 2 shows the size of DCI format for DL and UL when option2-1-A is assumed. In this option, DCI format 0/1A is utilized for UL CRA. Pros and cons are as follows. 
Pros
· The maximum number of clusters can be more than 2

· Overhead can be optimized.
Cons
· Additional blind decoding is needed when MA transmission is assumed in DL. 
Table 3 shows the size of DCI format for DL and UL when option2-1-B is assumed. In this option, the size of DCI format 0/1A is not utilized when MA transmission is assumed in DL. Format0A is utilized for both of CRA and NCRA in UL. Pros and cons are as follows.

Pros
· The maximum number of clusters can be more than 2
Cons
· DCI format for UL CRA depends on DL transmission mode. 
Table2 Option2-1-A
	
	Size1
	Size2
	Size3

	UL SA transmission
DL SA transmission

(DL tx mode : 1)
	Format0/1A

[UL SA CRA

DL SA CRA]
	Format0A/1

[UL SA NCRA

DL SA NCRA]
	-

	UL SA transmission
DL MA transmission

(DL tx mode : 4)
	Format0/1A

[UL SA CRA

DL SA CRA]
	Format0A/1
[UL SA NCRA

DL SA NCRA]
	Format2
[DL MA NCRA]


Table3 Option2-1-B
	
	Size1
	Size2
	Size3

	UL SA transmission
DL SA transmission

(DL tx mode : 1)
	Format0/1A

[UL SA CRA

DL SA CRA]
	Format0A/1

[UL SA NCRA

DL SA NCRA]
	-

	UL SA transmission
DL MA transmission

(DL tx mode : 4)
	
	Format0A/1
[UL SA CRA/NCRA

DL SA NCRA]
	Format2
[DL MA NCRA]


Option2-2: Reuse the size of format2
Table 4 shows the size of DCI format for DL and UL when option2-2 is assumed. The size of format0A is aligned with format2. Since the size of format0A is smaller than that of format2, padding bits are added. DCI format 0 is utilized for UL CRA. Option2-2 satisfies all bullets in WF. Pros and cons are as follows.
Pros
· The maximum number of clusters can be more than 2
Cons
· Since many padding bits (about 15 bits) are necessary, overhead is large.
Table4 Option2-2
	
	Size1
	Size2
	Size3

	UL SA
DL SA (Tx mode:1)
	Format0/1A

[UL SA CRA

DL SA CRA]
	Format0A/1

[UL SA NCRA

DL SA NCRA]
	-

	UL SA
DL MA (Tx mode:4)
	Format0A/1
[UL SA CRA
DL SA CRA]
	-
	Format0A/2
[UL SA NCRA DL MA NCRA]


The optimum option depends on the maximum number of clusters. If the maximum number of clusters should be up to 2, option1 is suitable. The impacts of the number of blind decoding and overhead become small.
If the maximum number of clusters of at least 3 should be supported, option2-1 is suitable considering overhead. However, option2-2 is considerable if 4th bullet in WF is for only UL or 1st bullet in WF means that format0 is utilized for Rel.8 single cluster transmission. 
3. Conclusion

We discussed following DCI format designs for UL non-contiguous resource allocation with single antenna transmission.
Option1: Reuse the size of DCI format 0
Option2: Reuse the size of DCI format for Rel-8 LTE DL 
Option2-1: Reuse the size of format1
Option2-2: Reuse the size of format2
The optimum option depends on the maximum number of clusters. If the maximum number of clusters should be up to 2, option1 is suitable. The impacts of the number of blind decoding and overhead become small.
If the maximum number of clusters of at least 3 should be supported, option2-1 is suitable considering overhead. However, option2-2 is considerable if 4th bullet in WF is for only UL or 1st bullet in WF means that format0 is utilized for Rel.8 single cluster transmission. 
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