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1 Introduction
In previous RAN1 meetings there have been discussions on the benefits and usage of spatial diversity schemes for ePDCCH transmission. 
For the case of distributed transmission, it was agreed that spatial diversity scheme should be used. This scheme is an implementation-dependent beam-forming scheme subject to specifying which antenna port is applicable for each group of REs in a PRB pair. This scheme permits the usage of PRB-level beam-forming  using one antenna port per PRB or eREG-level beam-forming using more than one antenna port per PRB. For the case of localized transmission, usage of spatial diversity scheme for ePDCCH transmission is still an open issue.  

2 Discussion
One of the most important requirements for the design of ePDCCH is the reliability and robustness for different code rates. Spatial diversity implemented through the usage of different antennas is one way to improve reliability when there is no channel state information available at eNodeB or when this information is not reliable. Another way to improve the robustness of the control channel is to use frequency diversity when it is possible, for example, for the case of distributed transmission and frequency selective channel. Frequency diversity brings gain at the expense of overhead on the allocated PRB pairs. However, frequency diversity cannot be implemented for some cases such as localized transmission or low cost MTC devices that may rely on narrow bandwidth or the case of frequency non-selective channels.
On the other hand, if several antenna ports in a PRB pair are used to achieve spatial diversity instead of frequency diversity, the net gain obtained over frequency diversity schemes depends on the channel estimation performance as there is a tradeoff between antenna diversity gain and channel estimation performance that needs to be carefully evaluated. 
Moreover, both diversity techniques could be combined together to bring additional robustness to the control channel, for example, when there is no more benefit from frequency diversity due to the overhead or when the channel is not frequency selective. 
In the following, we evaluate and compare gains related to spatial diversity and frequency diversity schemes for ePDCCH. In the evaluation, it is assumed there are 24 REs reserved for DMRS within each PRB pair. In case of using 1, 2, 4 antenna ports (AP) for ePDCCH, the used APs are 7, 7/9, 7/8/9/10 respectively. In order to have fair comparison for all the schemes we consider the same DMRS transmission power independent from the number of antenna ports used for Figures 1 and 2. For Figure 3 we compare the performance of two APs using AP 7 and 9 and four APs given the same total transmission power per DMRS RE. Complete set of simulation assumptions are listed in Appendix A. 
2.1 Localized ePDCCH
As ePDCCH and PDSCH cannot be multiplexed within the same PRB pair, the efficiency of resource usage would be low for distributed transmission when there is small number of UEs. In this case, these UEs can be configured to use localized spatial diversity scheme to improve the resource usage efficiency.  
If a localized ePDCCH is formed by aggregating several groups of resource elements, where each group of resource elements is associated with one antenna port and precoded with different precoding vector, spatial diversity gain can be achieved for localized transmission. Figure 1 shows the performance of localized ePDCCH when spatial diversity is used with two APs for aggregation level of four. 
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Figure 1: Spatial diversity gain for localized ePDCCH transmission (2 AP results are marked with red circles).
The figure shows a 3dB spatial diversity gain when using an additional AP. Moreover, if there is a fixed association between each group of resource elements and AP regardless of the used aggregation level, channel estimation and ePDCCH detection on each group of resource elements can be performed only once and therefore blind detection complexity remains simple as discussed in [1].
2.2 Distributed ePDCCH
For the case of distributed ePDCCH, several PRB pairs are used to achieve some degree of frequency diversity. In each PRB pair, one or several groups of resource elements are formed containing coded information bits of control channel. Each group of resource element is transmitted over related AP. If there is more than one group of resource element per PRB pair, several APs are used which brings an additional degree of spatial diversity for a supported degree of frequency diversity. Figure 2 shows the performance results related to frequency diversity, spatial diversity and combination of those. We consider that the maximum allowed frequency diversity order is fixed to four.
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Figure 2: Frequency and spatial diversity gain for distributed transmission
Above simulation results show the gain related to the usage of spatial diversity (eREG-level beam-forming). For the case of distributed transmission over 4PRB shown in this figure, using two APs bring 1.5 dB gain compared to the case when there is only one AP is used. 
Performance of using two APs and four APs are compared in Figure 3 where spatial diversity is used for distributed transmission with two physical antennas. In the evaluation, the same total DMRS transmission power is assumed for these two cases. Four APs can achieve more spatial diversity gain, but the channel estimation performance will be worse compared to two APs. It is known that the final performance is a tradeoff between spatial diversity and channel estimation performance. Two APs using AP 7 and 9 have about 0.5dB gain over four APs after the tradeoff.  Actually, when only two physical antennas are deployed in the system, using four APs does not bring additional gain compared to the case when two APs are used. In fact, spatial diversity gain depends on the orthogonality of the used precoders and for the case of two physical antennas and four antenna ports, all the used precoders are not orthogonal, therefore resulted effective channels are not orthogonal, and related gain is limited. 
Furthermore, because the APs can be shared by many UEs in case of distributed transmission, the UE with lower aggregation level (e.g. 1 eREG per PRB pair) will not benefit from the four APs and suffer from the worse channel estimation. Compared to four APs case, using two APs with AP 7 and 9 can improve the channel estimation performance of  the UE with 1eREG per PRB pair given the total DMRS transmission power is same. 
Therefore, it is proposed to use only two APs in case of eREG-level beam-forming, and AP7 and 9 are used.  
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Figure 3: Comparison of using two APs and four APs
Finally, if we compare localized transmission in Figure 1 and distributed transmission in Figure 2, we can see that distributed transmission has better performance than localized transmission when spatial diversity is used. However, as mentioned before, the usage of spatial diversity for the case of localized transmission has benefit for the scenarios when we cannot use distributed transmission for example for the case of MTC devices or frequency non-selective channels.
3 Conclusions 
In this contribution, we evaluated the gain of spatial diversity for both localized and distributed transmission. Based on the evaluation and discussion, there are the following proposals,
· Localized transmission with spatial diversity should be supported.
· Spatial diversity under the form of eREG level beam-forming is supported 
· In case of eREG level beam-forming, two antenna ports (7 and 9) are used. 
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Appendix A. Evaluation assumptions
	Parameter
	value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x2

	Channel model
	TU

	UE velocity
	120 km/h

	Aggregation level
	4 CCE, 42 bit DCI

	eCCE size
	36 RE

	eREG size
	36RE, 18 RE (for 2 AP case when 4 PRB is used)

	Channel estimation for DMRS
	Real

	Resource allocation
	localized, distributed

	Precoding matrix
	Rel-8 2Tx rank1 codebook

	Interleaver
	Used for both localized and distributed

	PRB index used for the case of distributed
	[1,13,25,37] when 4 PRBs used


Table 1: Simulation assumptions
