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1 Introduction

At RAN1#68 meeting, the following agreements were achieved for E-PDCCH transmission [1]:
· 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
Further study on the diversity scheme for distributed transmission is considered necessary for E-PDCCH:
· How to determine AP(s) to use ePDCCH detection

· How to determine scrambling sequence for ePDCCH detection

· How to determine the number of AP for ePDCCH

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

· If and how to use ePDCCH signature for ePDCCH detection

In this contribution, we provide our considerations on the support of different diversity schemes for distributed E-PDCCH transmission, as well as some evaluation results on their performance.
2 Discussion
The localized transmission of E-PDCCH mainly targets the case where the channel state information (CSI) feedback of the UE is available, by exploiting the precoding gain in comparison to the legacy PDCCH. However, there are some other scenarios where the reliable CSI may not be available at eNB, such as the case when UE travels in fast-varying channel conditions, especially in high-mobility environment. Moreover, in some important use cases, such as transmitting control signal for broadcast information in common search space, the UE-specific precoding cannot be used.
Therefore, the design of E-PDCCH should also support robust transmissions in the case without UE-specific precoding. In [2], we already discussed the necessity of supporting distributed transmission of E-PDCCH, which is one of the attractive techniques to tackle the abovementioned issue. However, other diversity schemes may also need to be exploited to achieve high robustness on control channel, especially in the case of supporting small bandwidth devices such as low cost MTC, where the frequency diversity gain may be limited.
Two kinds of schemes, namely random precoding and transmit diversity, can be used in the case that UE-specific precoding is not used, without significant specification and implementation efforts. In the case of random precoding, a set of precoding vectors can be randomly selected to be applied on the assigned E-PDCCH resource elements (REs), to obtain the diversity gain. Transmit diversity is an efficient scheme for robust transmission, of which the gain has been demonstrated in legacy PDCCH.

In the following section, we provide simulation results to evaluate the performance of E-PDCCH with random precoding and transmit diversity, respectively.

3 Simulation
The detail simulation assumptions of our link level simulation are given in Table 1 in the Appendix. The schemes of 2-port transmit diversity (SFBC) and PRB-level based random precoding (RP) were used for evaluating E-PDCCH performance, and three OFDM symbols were assumed for legacy PDCCH in one subframe. The aggregation levels of 1, 2, 4, and 8 control channel elements (CCEs), which corresponds to 36, 72, 144, 288 REs, respectively, were evaluated for E-PDCCH. In our link level simulations, 2-port SFBC and PRB-level based random precoding are evaluated. For SFBC scheme, port 7 and 8 are used for demodulation. For random precoding scheme, the precoding matrix is randomly selected from the Rel-8 codebook. The simulation results for these two schemes corresponding to 3kmph, 30kmph and 120 kmph are shown in the following figures.
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Fig. 1: Performance comparison for 1 CCE in ETU channel.
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Fig. 2: Performance comparison for 2 CCEs in ETU channel.
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Fig. 3: Performance comparison for 4 CCEs in ETU channel.
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Fig. 4: Performance comparison for 8 CCEs in ETU channel.

It can be observed that the performance of SFBC is much better than random precoding, especially for the case of low aggregation level as shown above. Due to lack of CSI feedback the random precoding gain is limited; on the other hand, the SFBC employing Alamouti code can achieve high diversity gain without CSI feedback. This is especially true in the small bandwidth use case such as to support low cost MTC. Based on the observations, SFBC should also be used in E-PDCCH transmission.
Proposal 1: Transmit diversity should be supported for distributed E-PDCCH transmissions.
4 Conclusion

In this contribution, we provide link level simulation results to evaluate the performance of random precoding and transmit diversity schemes. Based on the evaluation results, we propose that:
Proposal 1: Transmit diversity should be supported for distributed E-PDCCH transmissions.
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Appendix A: Simulation assumptions
In this section, the simulation parameters used in our link level simulations are summarized.

Table 1: Simulation assumption.
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2 x 2

	E-PDCCH configuration
	3 OFDM symbol for legacy PDCCH channels, 11 for E-PDCCH

	Channel model
	ETU

	UE velocity
	3 kmph, 30 kmph, 120 kmph

	Transmission mode
	2-Tx transmit diversity (SFBC), 

Rel-8 codebook-based precoding

	Modulation and coding
	QPSK, coding rate subject to CCE size and aggregation level

	DCI format
	DCI 1A

	Number of CCE
	E-PDCCH: Aggregation {1, 2, 4, 8} 

	DMRS
	Non-precoded DMRS for transmit diversity

Precoded DMRS for random precoding

	Channel estimation
	LS-based, realistic
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