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1. Introduction

In recent RAN1 meetings, many high level views are proposed by companies on different aspects of ePDCCH design. Motivation of ePDCCH is summarized in [1] and the working assumptions for ePDCCH in RAN1 66bis [2] are recapped as below:

· 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
Based on the working assumptions, both closed loop and open loop transmissions should be supported for ePDCCH. Several options exist for open loop transmissions: 1) CRS based transmit diversity, 2) UE-RS based transmit diversity, 3) UE-RS based random beamforming. This contribution analyzes and evaluates all the three channel independent transmission.
2. Comparison of different open loop transmissions schemes for ePDCCH
Table 1 compares three open loop transmission schemes for ePDCCH from standardization efforts, constraints and link level performance. The detailed link level performance comparison of three open loop schemes can be found in section 3. Based on the analysis in Table 1, we slightly prefer UE-RS based random beamforming as the primary open loop transmission scheme for ePDCCH.
Table 1 Comparisons for different open loop transmission schemes for ePDCCH
	Tx Schemes
	Standardization Impacts
	Main Constraints
	Performance (section 3)

	CRS based transmit diversity
	Current spec support this Tx scheme
	 CRS doesn’t exist in the data region in MBSFN SF; 
New carrier type may not have CRS;
Cell splitting gain unavailable for CoMP scenario 4
	Similar

	UE-RS based transmit diversity
	Need to define a new transmission scheme;
Maybe supported for new carrier type without CRS
	Since UE-RS is not precoded, ePDCCH cannot be multiplexed with PDSCH in the same RB if PDSCH is precoded.
	

	UE-RS based Random Beamforming
	Can be implemented transparently
	2Tx performance needs to be compared with Tx diversity
	Similar or Better at least for four and eight Tx antennas


3. Performance Evaluation of Different Open Loop Schemes
Based on the agreed link level simulation assumption in [3], this section evaluates different open loop transmission schemes. In the simulation, it is assumed that CSI feedback impairment is only caused by channel variation of high mobility. For UE-RS based transmit diversity, ePDCCH resource mapping follows the process of Rel.8 PDCCH and is demodulated based on UE-RS. Additional simulation assumptions are shown in the Appendix.
Fig.1 shows that CRS and UE-RS based transmit diversity has similar performance; UE-RS based beamforming has similar or slightly better performance than the other two approaches. Since aggregation level 1 results in very high coding rate (>0.9) for DCI 2C, the result is not shown in Fig.1.
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Fig.1 Performance Comparisons of different open loop transmission schemes.
4. Conclusion
In this contribution, we analyzed three open loop transmission schemes for ePDCCH. Considering the standardization effort, designing constraints and performance, we have the following observations:
· CRS based Tx diversity might not be compatible with MBSFN SF and new carrier type without CRS;
· More standardization effort is needed for UE-RS based Tx diversity than random beamforming;

· UE-RS based Tx diversity may be introduced for new carrier types without CRS;
· There might be precoding compatibility issue for UE-RS based Tx diversity when ePDCCH is multiplexed with PDSCH in the same RB;
· UE-RS based random beamforming has better performance than the other two schemes for 4Tx
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6. Appendix
Table 2 Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Channel Model
	SCME low angular spread with 120km/h 

	Antenna Configuration
	eNB:  XX 
UE:  +

	DCI payloads
	49 bits (excluding CRC)

	Resource mapping
	Distributed REG in whole bandwidth

	Receiver Type
	Linear MMSE

	Channel Estimation
	MMSE based on CRS or UE-RS


