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1. Introduction

In RAN1 68 [1], it was agreed that “Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted”.  In [3] we showed that multiplexing PDSCH and ePDCCH of the same UE in one PRB pair provides certain benefits. However, it also causes some issues such as UERS port allocation among ePDCCH and PDSCH, spatial multiplexing of PDSCH and ePDCCH etc [4]. Therefore, Rel. 11 is simplified by prohibiting multiplexing PDSCH and ePDCCH in the same PRB pair and we can consider the multiplexing in future releases if necessary.
It should be noticed that the support of “frequency domain ICIC” [2] is one of the motivations to introduce ePDCCH. In addition, frequency domain ICIC with PRB pair granularity is already supported in some fashion because it has been defined for PDSCH since LTE Rel. 8. Thus, we propose to study “eCCE level ICIC” for ePDCCH in this contribution. Since PDSCH and ePDCCH multiplexing within a PRB pair is not permitted, those unused REs from ePDCCH transmission need to be blanked. Then it is feasible that the neighbouring cells can benefit from the blanked REs via reduced inter-cell interference. 
2. ePDCCH ICIC
2.1 PRB pair level frequency domain ICIC

Even without any standardization, frequency domain ICIC at PRB level [6] can still be applied to ePDCCH. Although the ePDCCH PRB configuration may allow full flexibility with the granularity of one PRB pair, four PRBs pairs distributed in frequency may be configured as ePDCCH PRBs in a typical deployment scenario. When only wideband CSI is available at eNB, this configuration provides the ePDCCH a frequency diversity order of four. If each PRB pair consists of four localized eCCEs, each ePDCCH can select at least one localized eCCE from each of the four PRB pairs so that frequency diversity order of four can be achieved for aggregation level one, two and four. In Figure 1 we give an example of ePDCCH PRB pair configuration. In this configuration, each cell has four PRB pairs for ePDCCH. To avoid interference or achieve frequency domain eICIC at PRB pair level, the three cells don’t share any PRB pairs. It can be seen that in total 12 PRB pairs are required for frequency reuse 3. This consumes 24% of all PRBs in a 10MHz system.

[image: image1.emf]PRB  0-24

PRB  25-49

R

B

G

 

0

R

B

G

 

1

R

B

G

 

7

R

B

G

 

1

6

R

B

G

 

2

R

B

G

 

3

R

B

G

 

4

R

B

G

 

5

R

B

G

 

6

R

B

G

 

8

R

B

G

 

9

R

B

G

 

1

0

R

B

G

 

1

1

R

B

G

 

1

2

R

B

G

 

1

3

R

B

G

 

1

4

R

B

G

 

1

5

Cell A

ePDCCH

Cell B

ePDCCH

Cell C

ePDCCH

Cell A/B/C

PDSCH


Figure 1, PRB pair level frequency domain ICIC for ePDCCH
2.2 eCCE level ICIC

Since PDSCH and ePDCCH cannot be multiplexed in the same PRB pair, some REs may be unused and left blank by the ePDCCH of one cell. However, these blank REs, which have less interference than the used REs, are desirable for another cell to send its ePDCCH. To fully utilize these REs, we need to enable eCCE level ICIC. More specifically, three cells can use the same four PRB pairs for their ePDCCHs and the inter-cell interference coordination is done within each PRB pair. Through X2 interface, neighbouring cells maximize the probability of sending their own ePDCCHs over orthogonal eCCEs such that the inter-cell interferences is minimized. In this case, the total PRB pairs needed to achieve frequency reuse factor of 4 are only 4 PRB pairs. This only accounts for 8% overhead in a 10MHz system.
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Figure 2, eCCE level ICIC for ePDCCH
Cell common eCCE to RE mapping is better than cell specific randomized mapping [5] in ePDCCH for two reasons. First, the collision rate of the used ePDCCH eCCEs among cells is minimized. Second, it has better inference measurement accuracy thus makes the MMSE-IRC receiver [7] applicable to ePDCCH when neighbouring cell is transmitting ePDCCH in the same PRB pair. 
Observation: Compared with PRB pair level frequency domain ICIC, eCCE level ICIC can have much lower overhead in order to achieve the same frequency reuse factor.
Proposal: Support eCCE level ICIC for ePDCCH in addition to PRB pair level frequency domain ICIC. Design cell common eCCE to RE mapping.
3. Conclusion
In this contribution we discussed two ICIC methods for ePDCCH. Because RAN1 68 has agreed to prohibit multiplexing ePDCCH and PDSCH in the same PRB pair, it is desirable to utilize those blanked REs for eCCE level ePDCCH ICIC. Compared with PRB pair level ICIC, eCCE level ICIC can reduce the total ePDCCH overhead from 24% to only 8% for the same reuse factor. Thus we recapped our proposal as below:
· Proposal: Support eCCE level ICIC for ePDCCH in addition to PRB pair level frequency domain ICIC. Design cell common eCCE to RE mapping.
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