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1 Introduction
In the RAN #54 meeting, a new WI (RP-111776): Enhanced downlink control channel(s) for LTE was approved. 
This topic has been discussed in previous RAN1 meetings and based on the discussions so far, it is reasonable to consider that the enhanced downlink control channels (ePDCCH) will be FDM-multiplexed with PDSCH. That means ePDCCH occupies the PDSCH radio resources, which will result in a significant decline in PDSCH throughput performance due to a reduction in the available PDSCH radio resources.
On the other hand, for Rel-11 UE, it is necessary to monitor legacy PDCCH and ePDCCH simultaneously which results in the increase of the processing load and battery consumption of UEs. 
In order to avoid the degradation of PDSCH throughput, ease the increment of the processing load and decrease battery consumption of UEs, this contribution proposes an intermittent transmission of ePDCCH. Moreover, in order to maintain the throughput performance of e-PDCCH-based PDSCH when the intermittent transmission of ePDCCH is adopted, it is desirable that the e-PDCCH support the continuous subframe scheduling. 
2 The intermittent transmission of ePDCCH 
 Firstly, it is desirable that the ePDCCH capacity is the same as that of legacy PDCCH. The capacity of legacy PDCCH that is presented by the available resources in terms of the number of CCEs, for a 10MHz bandwidth is shown in Table 1, whereas the number of resource elements (REs) reserved for carrying ePDCCH in a PRB pair is concluded in Table 2.
Table 1. The capacity of legacy PDCCH for a 10MHz bandwidth

	
	Normal  Subframe                                      (3 OFDM symbols PDCCH)
	MBSFN Subframe                        (2 OFDM symbols PDCCH)

	
	2Tx
	4Tx
	2Tx
	4Tx

	Number of CCE
	42 
	37 
	26 
	20 


  Table 2. The number of REs reserved for carrying ePDCCH packet in a PRB pair

	Tx antennas
	Total REs　　(exclude  3 OFDM symbols legacy PDCCH)
	REs for
 CRS
	REs for 
CSI-RS
	REs for 
DMRS
	REs for 
ePDCCH
	Required numbers of 

PRB pairs to achieve the legacy PDCCH capacity 

	2
	132
	12
	2
	12
	106
	ceil(42*36/106)=15

	4
	132
	16
	2 and 8 for non-zero, and zero power CSI-RS, respectively
	12
	94
	ceil(37*36/94)=15


 In order to reuse the specifications of the legacy PDCCH, it is assumed that the CCE for ePDCCH (called eCCE) has the same number of REs as the CCE for the legacy PDCCH, i.e., an eCCE has 36 REs. Therefore, as a result, the required number of ePDCCH PRB pairs to achieve the same capacity of legacy PDCCH is 15 for both 2Tx and 4 Tx. 

As a work assumption that was agreed in the RAN1#67 meeting, the ePDCCH is expected to be able to achieve improved spatial reuse and benefits from beamforming gain. In that case, if it is assumed that the average number of eCCE of ePDCCH is half of that of CCE of legacy PDCCH, then at least an ePDCCH potential region that composed of 8 PRB pairs is necessary. This means about 16% of PDSCH radio resources are occupied by ePDCCH when the bandwidth is 10 MHz. The result of this is a significant decline in PDSCH throughput performance due to a reduction in the available PDSCH radio resources.
On the other hand, for Rel-11 UE, it is necessary to monitor legacy PDCCH and ePDCCH simultaneously which results in the increase of the processing load and battery consumption of UEs. 
In order to avoid the degradation of PDSCH throughput and ease the increment of the processing load and the battery consumption of UEs, the intermittent transmission of ePDCCH shown in Fig.1 is proposed.
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Fig.1 The intermittent transmission of ePDCCH 
As shown in Fig.1, the ePDCCH potential region is configured periodically. It is assumed that ePDCCH is only located in the ePDCCH potential region, and therefore Fig.1 shows an example of the intermittent transmission of ePDCCH. 

Proposal 1: Support intermittent transmission of ePDCCH in LTE Rel-11.
  The flaw of the intermittent transmission of ePDCCH is that the PDCCH capacity insufficiency also remains in subframes without ePDCCH transmission. To resolve this problem, it is desirable that the e-PDCCH supports the continuous subframe scheduling described in Section 3.
3 Continuous subframe scheduling of ePDCCH
In order to resolve the PDCCH capacity insufficiency in subframes without ePDCCH transmission when the intermittent transmission of ePDCCH is adopted, the continuous subframe scheduling of ePDCCH shown in Fig.2 is proposed. 
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Fig.2 The continuous subframe scheduling of ePDCCH
As shown in Fig.2, the e-PDCCH-based PDSCH in subframes without ePDCCH transmission is transmitted using the allocated radio resource which is noticed by the most recent ePDCCH. The continuous subframe scheduling of ePDCCH can prevent the throughput degradation from adopting intermittent transmission of ePDCCH. 
Proposal 2: Support continuous subframe scheduling of ePDCCH in LTE Rel-11

4 Conclusions
 In this contribution, the following two schemes are proposed.

Proposal 1: Support intermittent transmission of ePDCCH in LTE Rel-11.

Proposal 2: Support continuous subframe scheduling of ePDCCH in LTE Rel-11
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