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1. Introduction

At the RAN WG1 #68 meeting, Agreement for reference signals of E-PDCCH is: 
· At least for the E-PDCCH transmission that supports localized transmission
· Single layer (i.e., rank 1) transmission is supported

· support of 2 layer SU-MIMO is FFS
· rank 3 and 4 SU-MIMO is not supported
and further study is needed for example:
· How to determine AP(s) to use E-PDCCH detection

· How to determine scrambling sequence for E-PDCCH detection

· How to determine the number of AP for E-PDCCH

· If and how to support the spatial diversity for distributed transmission

· If and how to use E-PDCCH signature for E-PDCCH detection

In this contribution, we present our views on supporting the spatial diversity for distributed transmission schemes for the E-PDCCH and compare the performance of SFBC and open loop beamforming for the distributed transmission scheme. 
2. Transmit diversity Scheme for E-PDCCH
As contribution [1] shown that mapping scheme for the E-PDCCH, frequency scheduling gain could be achieved for localized mapping and frequency diversity gain could be achieved for distributed mapping. Here one eCCE occupy three carriers shown as figure 1.
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Figure 1 – Example of PRB pair for E-PDCCH.
The principle of the distributed transmission is to map consecutive eCCEs to multiple PRB pairs to achieve frequency diversity. However higher order of frequency diversity gain should also be supported for a small number of REs carrying the DCI like 1 or 2 eCCEs [2].  As close loop precoding may not be achieved due to unreliable channel state information reporting, here we only consider SFBC and open loop precoding method.
In this contribution, we first analyzes PRB level based open loop precoding and SFBC method, for SFBC transmit diversity scheme, the number of DM RS antenna ports used for E-PDCCH depends on the number of the transmitter antennas, for SFBC of two antennas, if antenna port 7&8 with CDM are used, the power of DM RS could not be boosted, but if antenna port 7 & 9 with FDM are used, power boosting of DM RS could be employed to improve the accuracy of the channel estimation, so in principle, SFBC with antenna port 7& 9 may have better performance than SFBC with antenna port 7&8, but there is another aspect that has to be considered is that the resource element is also reduced by using antenna port 7&9. The other aspect of SFBC to be considered is that the orphan symbol may exist in each eCCE.
3. Simulation results

In section 3, we only provide the simulation results of SFBC with antenna port 7&8 and open loop precoding. The simulation results are shown in figure 2 and figure 3. From the figures, we can see that open loop precoding has better performance than SFBC with antenna port 7 & 8. And for the performance of SFBC with antenna port 7&9, further evaluation would be needed to see if performance gain could be achieved.
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Figure 2  Performance comparison of TxD and open loop precoding at SCM-E channel
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Figure 3  Performance comparison of TxD and open loop precoding at ETU channel
3. Conclusion

According to the analysis and evaluation, we could see that for distributed transmission of E-PDCCH:

Observation 1: open loop precoding has better performance than the transmit diversity, e.g. SFBC with antenna port 7&8, the orphan symbol problem reduce the performance benefit of SFBC.
Observation 2: Transmit diversity, e.g. SFBC with antenna port 7&9 could adopt power boosting to improve channel estimation performance, the resource element has also been reduced compared to SFBC with antenna port 7&8, and should be further evaluated.
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Annex

Table I – Simulation conditions

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration 
	2×2 

	Channel Model
	ETU low correlation, SCM-E urban macro

	UE velocity
	120km/h

	Aggregation level
	2, 4 eCCE 

	Channel estimation 
	Real channel estimation 

	RS
	Non-precoded DMRS AP 7&8 or AP 7&9 for SFBC
Precoded DMRS AP 7 for open loop precoding 

	ePDCCH resource allocation
	Distributed

	Precoding matrix
	Rel-8 2Tx rank-1 codebook
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