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1. Introduction
At the RAN1 #70 meeting, it was agreed that each UE can be configured with K EPDCCH sets for the search space. In addition, an EPDCCH set is defined as a group of N PRB pairs [1]. At the RAN1#70bis meeting, the EPDCCH set was further discussed and the following agreements were reached [2].
· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed. 
The EPDCCH set configuration would be based on higher layer signaling and the details were discussed via email. Currently, the details regarding higher layer signaling to indicate which N PRB pairs are used for the EPDCCH set are still FFS. In this contribution, we share present views on this issue.
2. Indication to the UE of EPDCCH PRB pairs 
The PRB pairs for each EPDCCH set would be configured through higher layer signaling. Several methods were proposed to indicate the PRB pairs for the EPDCCH set. In [3], it was suggested to reuse the type 2 PDSCH resource allocation and in [4] it was proposed to use indication of the starting PRB pair and the distance between PRB pairs to reduce the signaling overhead. Although these methods reduce the overhead for the signaling, they sacrifice flexibility in the resource allocation. The limitation of the resource allocation flexibility would not allow two EPDCCH sets to be overlapped. For example, both methods cannot support well partial overlapping between two EPDCCH sets. Another restriction is the frequency selective gain for localized transmission. Sometimes, several PRB pairs under the best channel conditions for a UE cannot be selected simultaneously in one EPDCCH set due to the limited flexibility in the resource allocation. Therefore, considering the requirement that PRB pairs of EPDCCH sets with different logical EPDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping and achieving frequency selective gain better, a fully flexible indication of PRB pairs is highly desirable.
Proposal 1: A fully flexible higher-layer configuration of the EPDCCH set should be supported.

Here we compare three options that provide full flexibility as follows. 
[image: image1.wmf]RB

N

 is the total number of PRB pairs and N is the number of PRB pairs per EPDCCH set.
Option 1: Indication using Bitmap
One simple and straightforward indication method is to use a bitmap. One bit per PRB pair is used to indicate whether or not the PRB pair is allocated to the EPDCCH set. In [5], it is also suggested to use 2 bits per PRB pair in order to better multiplex localized transmission and distributed transmission in 1 PRB pair. In any case, at least 
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 bits are required to indicate the EPDCCH set in this option.
Option 2: Indication of PRB pair index for EPDCCH set
In this option, the eNBs directly signal the indices of PRB pairs for the EPDCCH set [6] [7], as shown in Fig. 2. For indication of one PRB pair, 
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bits are required. So for indication of one EPDCCH set, 
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bits are required.

[image: image5.wmf]1

2

3

4

5

6

7

8

9

1

0

1

1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

9

2

0

2

1

2

2

2

3

2

4

2

5

00010

00110

01010

10100

PRB index

Signaling


Figure 1 Example of option 2
Option 3: Indication of EPDCCH set pattern index
Any N PRB pairs out of 
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PRB pairs form an EPDCCH set, and then the total of 
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 EPDCCH set patterns can be formed. In this option, the eNBs directly inform the UEs of the detailed EPDCCH set pattern index. To inform UEs of the EPDCCH set pattern index, 
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 bits are required for each EPDCCH set. Furthermore, an additional 2 bits are needed to indicate the detailed value of N (2, 4, and 8). Accordingly, the UE can figure out the indices of the PRB pairs for the EPDCCH set from the number of PRB pairs and the corresponding EPDCCH set pattern index. An example is shown in Fig. 2 when 
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 is 25.So, the total of 
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+2 bits are required for one EPDCCH set in option 3.
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Figure 2 Example of option 3
A performance comparison is shown in Fig. 3 among the 3 options in terms of the signaling overhead. We assume that there are 8 PRB pairs per EPDCCH set and the range of 
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 is from 8 to 100. According to the figure, it is clear that option 3 requires the lowest signaling overhead compared to options 1 and 2 due to the compact feature, and the differences in the signaling overhead become even larger for a larger system bandwidth. 
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Figure 3   Signaling overhead comparison
Considering that option 3 can achieve full flexibility with a lower signaling overhead, we propose to adopt option 3 to indicate the PRB pairs for EPDCCH set.
Proposal 2: Indication of the EPDCCH set pattern index should be adopted to configure PRB pairs for the EPDCCH set.
3. Conclusion

In this contribution, we presented the signaling aspect for configuring multiple EPDCCH sets. The proposals in this contribution are as follows.
Proposal 1: A fully flexible higher-layer configuration of the EPDCCH set should be supported.

Proposal 2: Indication of the EPDCCH set pattern index should be adopted to configure PRB pairs for the EPDCCH set.
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