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1 Introduction
For ePDCCH, it was agreed in the WID that both localized and distributed transmission should be supported. For distributed transmission, at least frequency diversity is exploited. However, in order to provide maximum robustness, it is beneficial to add some form of antenna diversity on top of the frequency diversity. For the distributed transmission of ePDCCH, among the transmission schemes discussed in several contributions at RAN1#68 meeting, two widely mentioned candidate schemes were SFBC and random precoding. In this contribution, these two candidate schemes are discussed and compared. 
2 Discussion on the transmit diversity scheme
When CSI is not reliable enough for beamforming on the ePDCCH or when control information needs to be broadcasted to many UEs, such as SIB1, transmit diversity is needed to ensure robust ePDCCH performance. Ideally, both frequency diversity and some form of spatial diversity should be provided for robustness. 

Three transmit diversity schemes presented in the previous meetings are

· Alternative 1: Random beamforming with one antenna port [1]. A number of precoding vectors can be cyclically used over different resource elements assigned to one ePDCCH, and it is expected to obtain the diversity gain. 
· Alternative 2: SFBC with DMRS ports 7 and 8. As shown in the contributions [1]
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[2], the performance of SFBC is slightly worse than random beamforming at lower SNRs but better at higher SNRs. The reason is that DMRS ports 7 and 8 are CDM and share DMRS power, thus incurring a 3dB power reduction of each DMRS port compared to Alternative 1. This results in degraded channel estimation.
· Alternative 3: SFBC with DMRS ports 7 and 9. In [3], DMRS ports 7 and 9 were proposed for SFBC which can provide 3dB power boosting for channel estimation and better performance compared to Alternative 2. This channel estimation improvement should improve the overall performance of SFBC.
3 Evaluations of SFBC and random precoding
In this section, the three alternative transmit diversity schemes are evaluated by means of a link level simulation. PRB-level precoding cycling is assumed for Alternative 1 with the precoding matrix randomly selected from the Rel-8 codebook. One ePDCCH with CCE aggregation level (AL) of either 2 or 4 is mapped onto 4 resource blocks which have the maximum distance in the frequency domain to achieve the maximum possible frequency diversity. DMRS is used for channel estimation for all the schemes. The detailed simulation assumptions can be found in Appendix. The simulation results are shown in Figure 1 and Figure 2 corresponding to ETU and SCM-E channels, respectively, at 120km/h. 
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Figure 1. BLER of SFBC and random precoding in ETU channel at 120km/h.
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Figure 2. BLER of SFBC and random beamforming in SCM-E channel at 120km/h.
It can be observed that, at 1% BLER target, Alternative 3 has about 1.3~1.6 dB gain over Alternative 2 in ETU channel, and about 0.2~1dB gain in SCM-E channel. This is because of the power boosting provided by the FDM of DMRS ports 7 and 9.
Observation1: SFBC with DMRS ports 7 and 9 outperforms SFBC with DMRS ports 7 and 8. 
The performance of Alternative 3 is better than Alternative 1 in most cases, and there is about 1~2dB gain in the ETU channel and 1dB gain in the SCM-E channel in case of 2 CCEs aggregation level at the 1% BLER target. In other words, the better channel estimation is enough to ensure that SFBC performs better than random precoding even at low SNRs.
Observation2: SFBC with AP 7 and 9 outperforms random beamforming. 
Alternative 3 provides the best performance, however the drawback is that 12 additional resource elements in each resource block assigned for the distributed transmission are needed compared to Alternative 1 and 2. Hence, the number of supported CCEs in the resource blocks for the distributed transmission will be reduced given the same size CCE as Rel-10 PDCCH, i.e. the capacity of ePDCCH is reduced. Considering the primary objective of the distributed transmission is to optimize the performance other than capacity, the transmit diversity scheme providing the best performance gain should be supported. Hence, we propose that:
Proposal 1: SFBC should be used as transmit diversity scheme for ePDCCH. 
Proposal 2: DMRS ports 7 and 9 are used as demodulation RS in SFBC transmission.
4 Conclusion 

Based on the discussion and evaluation in the contribution, there are the following proposals for distributed ePDCCH:

Proposal 1: SFBC should be as transmit diversity scheme for ePDCCH. 
Proposal 2: DMRS ports 7 and 9 are used as demodulation RS in SFBC transmission.
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Appendix
Table 1. Simulation assumptions

	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 for a 42bit DCI

	Channel estimation 
	Real channel estimation 

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

	ePDCCH resource allocation
	Distributed

	Precoding matrix
	Rel-8 2Tx rank-1 codebook













































































