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1 Introduction
At RAN1#67 meeting, the following agreements were achieved for studying an ePDCCH channel:
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

In this contribution, the potential distributed transmission schemes for ePDCCH are investigated and evaluated, and we give our view on the design of distributed transmission.
2 Discussion on the distributed transmission schemes
The design of ePDCCH should be able to support frequency-domain ICIC (Inter-Cell Interference coordination) and obtain the precoding gain compared to legacy PDCCH, which both rely on the CSI feedback. However, the CSI is not reliable or accurate in some scenarios, e.g. the reported CSI from UEs cannot track the channel variation in case of high mobility or the measured CSI is not stable due to serious interference. The incorrect CSI feedback would impair the advantages of frequency scheduling gain and beamforming gain for ePDCCH. In order to maintain the performance of ePDCCH, the distributed transmission should be supported to achieve the frequency diversity gain and the design should be based on DMRS. 
For the distributed transmission, the principle is to map one ePDCCH onto a set of non-contiguous resource blocks in the frequency domain to achieve frequency diversity gain as legacy PDCCH. The baseline scheme is one DMRS port based transmission. On the top of frequency diversity, it can also obtain transmit diversity gain by random precoding or transmit diversity scheme. As DMRS is used for the demodulation of ePDCCH, the DMRS based random precoding and transmit diversity scheme is discussed below.
For random precoding, 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. However, a number of DMRS ports equal to the number of used precoding vectors needs to be defined in one PRB pair because each precoding vector associate with one DMRS port. There would be a lot of standardization efforts needed. To avoid the specification impact, PRB level based precoding cycling is preferred. In other words, different precoding vectors are used for different PRBs assigned for the distributed transmission, and there is only one precoding vector used in one PRB pair. In this case, there is only one DMRS port as well and no difference with the above one DMRS port based transmission from UE perspective. 
Transmit diversity scheme in the form of SFBC (for 2 antenna ports) and SFBC+FSTD (for four antenna ports) has been used for PDCCH and it can also be considered for the distributed ePDCCH. Regarding the 2TX transmit diversity scheme, SFBC for PDCCH can be reused because of attractive and robust performance gain, and two reference signals or DMRS ports are needed. 
To summarize, PRB level based precoding cycling or SFBC can be considered for distributed ePDCCH transmission to improve performance.
3 Evaluations of transmit diversity and random precoding
In this section, PRB level based precoding cycling and SFBC are evaluated. For comparison, the baseline scheme performance, i.e. one antenna port with distributed resource mapping is also presented. In the link level simulation, the resources used for one ePDCCH are illustrated in Fig.1, where one ePDCCH is mapped onto two resource blocks which have the maximum distance in the frequency domain to achieve the frequency diversity. DMRS is used for channel estimation for all the schemes. For SFBC, port 7~8 are used. For PRB level based precoding cycling, the precoding matrix is selected from the Rel-8 codebook. The detail of simulation assumptions can be found in Appendix. 
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Fig.1 Resource mapping in the simulation

The simulation results are shown in Fig.2 and Fig.3 corresponding to 3km/h and 120km/h respectively. It can be observed that the performance of TxD is much better than random precoding and one DMRS port transmission in case of both 3km/h and 120km/h. 
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Fig.2  Performance comparison of TxD and random precoding at 3km/h
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Fig.3  Performance comparison of TxD and random precoding at 120km/h
For the random precoding, it can bring some gain in the relatively flat channel because the effective channel after precoding becomes selective. However, in the simulation, the channel for ePDCCH is already high frequency selective especially in ETU channel and it can obtain sufficient frequency diversity; hence the gain of random precoding is limited.
Based on the observation, SFBC should be used as the distributed ePDCCH transmission scheme.
4 Conclusion 
According to the analysis and evaluation, the transmit diversity, e.g. SFBC, should be used in the distributed ePDCCH transmission to improve performance.
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Appendix
Table 1. Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration 
	2×2, 1×2 

	Channel Model
	ETU

	Antenna correlation
	Low (TS36.101)

	UE velocity
	3 km/h and 120km/h

	Aggregation level
	2 eCCE (72REs) for a 42bit DCI

	Channel estimation 
	Real channel estimation 

	RS
	Non-precoded DMRS for transmit diversity
Precoded DMRS for random precoding 

	ePDCCH resource allocation
	Distributed

	Precoding matrix
	Rel-8 2Tx codebook

	TxD 
	SFBC for 2Tx
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