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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

In this document, we discuss the DCI format for non-contiguous data transmission.
2. Requirements of DCI format design for non-contiguous data transmission
In this section, we discuss the requirements of DCI format design for non-contiguous data transmission. 
· The number of blind detections to be minimized
   Considering the impact of UE, it is desirable that the number of blind detections for LTE-A is kept similar to that for Rel-8 LTE. To avoid the increase of blind detections, it can be considered that the same DCI format size as Rel-8 LTE is reused. However, the number of blind detections affects on the maximum number of clusters. After discussion on the number of clusters from the point of system performance, we should determine the DCI format and whether the number of blind detections is kept same as that for Rel-8 LTE.
· Enough maximum number of clusters to be supported
As the maximum number of clusters is larger, the throughput gain from multi-user diversity is larger.
According to the result of our current simulation for BW=20MHz [2], the gain of average sector throughput is up to 12.0% compared to SC-FDMA when the maximum number of clusters is 2 in the interference-limited case. Furthermore, up to 17.1(18.6)% gain can be achieved when the maximum number of clusters is 3(4) compared to SC-FDMA. Hence, we consider that the maximum number of clusters of at least 3 should be supported.
· Overhead of PDCCH to be minimized.
Considering the maximum number of clusters to be supported, the optimum DCI format size should be decided. If DCI format size of Rel.8 should be reused, DCI format0/1A or DCI format1 is applicable for the maximum number of clusters equals to 2 or more than 2, respectively.
3. Options of DCI format design for clustered DFT-S-OFDM
In this section, we discuss the options of DCI format design for clustered DFT-S-OFDM. 
Option1: Use new DCI format size [3]
   In this option, new DCI format whose size is different from format 0/1A and format1 is used. Hence, new DCI format for clustered DFT-S-OFDM can distinguish from DCI formats for Rel-8 LTE by blind detection. Pros and cons are as follows.
Pros
· Format design (DCI format size, the maximum number of clusters)can be optimized for clustered DFT-S-OFDM 
Cons

· The number of blind detections is larger than Rel-8 LTE (Additional 16 blind detections are needed)
Option2: Reuse the size of DCI format 0 [4-5]
   In the case the maximum number of clusters equals to 2, the same size of DCI format with format0/1A is applicable In [4-5], it was proposed that the RBA size for clustered DFT-S-OFDM can become same as that of format 0/1A for LTE. In this case, 1 flag bit is needed to distinguish new DCI format and format 0/1A. Since format 0 has extra bits, the bits can be used for flag bit. Pros and cons are as follows.
Pros

· The number of blind detections is same as Rel-8 LTE 
· Overhead for RBA is smallest of all options
Cons

· Since the maximum number of clusters is up to 2, the gain from non-contiguous data transmission can not be maximized. 
Option3: Reuse the size of DCI format 1 [6]
   In the case the maximum number of clusters is more than 2, the same size of DCI format with format1 is applicable. In this case, it is straightforward to reuse the type 0 and/or type1 allocation for LTE DL as the resource allocation for clustered DFT-S-OFDM. In this case, 1 flag bit is needed to distinguish new DCI format and format 1. Pros and cons are as follows.

Pros

· The number of blind detections is same as Rel-8 LTE
· The maximum number of clusters can be more than 2.
Cons
· Since format 1 doesn’t have extra bits, the flag bit is not utilized.
Option4: Reuse format 0 for each cluster [3]
   In this option, each cluster reuses format 0 for Rel-8 LTE, respectively. Hence, UE detects several PDCCH by blind detection. Pros and cons are as follows.
Pros

· New DCI format is not necessary
Cons

· Since several PDCCH is detected by blind detection, the number of blind detections becomes larger than Rel-8 LTE. But the maximum number of blind detections is same as Rel-8 LTE.
· Overhead is largest of all options, even if the number of clusters equals 2.

Since we consider that the maximum number of clusters of at least 3 should be supported, option1 and option3 is suitable. However, there is no extra bit to distinguish new DCI format and format 1 in option 3.

Hence, option1 is slightly preferred. However, the maximum number of additional blind detections is 16 to support non-contiguous data transmission in option1. Anyway, additional 16 blind detections may be needed to support UL SU-MIMO. This maximum number will not be further increased by using the higher layer signaling to inform UL transmission mode.
If the impact of additional blind detection is significant and there is no solution for reducing the number of blind detections, option2 also should be considered.
4. Conclusion

We discussed the requirement of DCI format design for clustered DFT-S-OFDM. In addition, we clarify the pros and cons with following 4 options of DCI format design 
Option1: Use new DCI format size 

Pros
· Format design (DCI format size, the maximum number of clusters)can be optimized for clustered DFT-S-OFDM 
Cons

· The number of blind detections is larger than Rel-8 LTE (Additional 16 blind detections are needed)
Option2: Reuse the size of DCI format 0

Pros

· The number of blind detections is same as Rel-8 LTE 
· Overhead for RBA is smallest of all options
Cons

· Since the maximum number of clusters is up to 2, the gain from non-contiguous data transmission can not be maximized. 

Option3: Reuse the size of DCI format 1 

Pros

· The number of blind detections is same as Rel-8 LTE
· The maximum number of clusters can be more than 2.
Cons
· Since format 1 doesn’t have extra bits, the flag bit is not utilized.
Option4: Reuse format 0 for each cluster 
Pros

· New DCI format is not necessary
Cons

· Since several PDCCH is detected by blind detection, the number of blind detections becomes larger than Rel-8 LTE. But the maximum number of blind detections is same as Rel-8 LTE.
· Overhead is largest of all options, even if the number of clusters equals 2.
Since we consider that the maximum number of clusters of at least 3 should be supported, option1 and option3 is suitable. However, there is no extra bit to distinguish new DCI format and format 1 in option 3.
Hence, option1 is slightly preferred. However, if the impact of additional blind detection is significant and there is no solution for reducing the number of blind detections, option2 also should be considered.
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