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1. Introduction
In RAN1#66bis, the motivation for introducing enhanced Physical Downlink Control Channel (ePDCCH) was determined as follows [1].
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In this contribution, we provide proposals related to  eCCE aggregation levels for ePDCCH taking into account the above motivation.
2. Discussion
The number of REs within an enhanced control channel element (eCCE) for a UE is one of the significant issues on design of ePDCCH. The number of supported REs for a UE in a Rel-8 PDCCH (i.e. the number of REs in aggregated CCEs for a UE) was decided by taking into account the coverage performance and the overhead based on the number of bits in downlink control information (DCI) format. We think the number of supported REs in an ePDCCH should be discussed, and we should decide the number of REs in the eCCE in the similar way as we did for PDCCH, i.e. by taking into account the coverage performance and the number of bits in the DCI format in Rel-11.
Regarding the coverage performance, RAN1 agreed that one of the motivations for introducing the ePDCCH is to support CA with more than three CCs, new carrier type and MIMO transmission, as well as CoMP. Hence, it is preferable that the ePDCCH is configurable to achieve at least the same coverage performance as PDCCH, otherwise the cell coverage of Rel-11 becomes smaller than of Rel-10 if the cell supports these new Rel-11 functionalities. Moreover, this problem may be more significant for a future release that does not support PDCCH but only supports ePDCCH, because some deployments are supported only by the ePDCCH (e.g., perhaps MTC devices, stand-alone additional carrier type etc) and the coverage of them depends on ePDCCH only. Therefore, if the payload size of the DCI format in Rel-11 is assumed to be the same as for Rel-10, the maximum number of supported REs in an ePDCCH has to be more than or equal to 288, which is thesize of a legacy PDCCH with aggregation level 8.

Proposal 1:

· ePDCCH can be configurable to achieve at least the same coverage performance as PDCCH.
If PDCCH and/or CRS exist, each of the eCCEs may consist of much less than 36 REs. To be more specific, the number of REs in an eCCE will be 23 if three OFDM symbol are reserved for legacy PDCCH and four CRS ports are allocated. In this case, the coverage performance of ePDCCH significantly degrades compared to Rel-10, since the number of REs in an ePDCCH could be 184 even with an aggregation level 8. Therefore, support of more than 8 aggregation levels should be considered, in order to maintain the coverage performance in this case. Here, it may not be necessary to support higher aggregation levels for both of Localized and Distributed ePDCCH. The problem is the coverage performance of ePDCCH, and it does not have to be always the same as PDCCH. Therefore, the higher aggregation level should be supported at least for Distributed ePDCCH.
Please also see the Annex Table 1 for the number of REs available for some eCCE configurations.
Proposal 2:

· Support of a higher aggregation level than 8 should be considered (at least for Distributed ePDCCH), if there is a possibility that the number of available REs in an ePDCCH with an aggregation level 8 is much less than 288.
3. Conclusion

Based on the above, Sharp proposes that: 

· The ePDCCH can be configurable to achieve at least the same coverage performance as the PDCCH.
· Support of a higher aggregation level than 8 should be considered, at least for Distributed ePDCCH, if there is a possibility that the number of available REs in an ePDCCH with an aggregation level 8 is much less than 288.
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Figure 1: Assumed eREG/eCCE structure

Table 1: Number of available REs in CCEs
	PDCCH
	CRS
	eCCE1
	eCCE2
	eCCE3
	eCCE4

	0 symbols
	0 ports
	36 REs
	36 REs
	36 REs
	36 REs

	
	1 port
	34 REs
	34 REs
	34 REs
	34 REs

	
	2 ports
	32 REs
	32 REs
	32 REs
	32 REs

	
	4 ports
	30 REs
	30 REs
	30 REs
	30 REs

	1 symbol
	1 port
	32 REs
	31 REs
	32 REs
	31 REs

	
	2 ports
	30 REs
	30 REs
	30 REs
	30 REs

	
	4 ports
	28 REs
	28 REs
	28 REs
	28 REs

	2 symbols
	1 port
	29 REs
	28 REs
	29 REs
	28 REs

	
	2 ports
	27 REs
	27 REs
	27 REs
	27 REs

	
	4 ports
	26 REs
	26 REs
	26 REs
	26 REs

	3 symbols
	1 port
	26 REs
	25 REs
	26 REs
	25 REs

	
	2 ports
	24 REs
	24 REs
	24 REs
	24 REs

	
	4 ports
	23 REs
	23 REs
	23 REs
	23 REs


Working Assumption:


Introduce an enhanced physical downlink control channel that is:


able to support increased control channel capacity


able to support frequency-domain ICIC, 


able to achieve improved spatial reuse of control channel resource 


able to support beamforming and/or diversity


able to operate on the new carrier type and in MBSFN subframes


able to coexist on the same carrier as legacy UEs


Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
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