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1 Introduction
In RAN1#66bis, it is agreed to introduce an enhanced physical downlink control channel for the following motivations:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

In this contribution, we give our views and simulation results on several mapping schemes of BFed ePDCCH and UE procedure to exploit frequency diversity gain or frequency schedule gain.
2 Discussions
2.1 Mapping scheme of ePDCCH

Legacy PDCCH only supports frequency and transmission diversity. UE can be robustly signalled with control in Legacy PDCCH.
DMRS is introduced due to supporting functions like beamforming. Localized mapping is a natural and simple way to reuse R10 DMRS. With sub-band CQI applied, ePDCCH can achieve frequency-domain scheduling gain. In some case, only wideband CQI is available, e.g PUCCH Mode 1-1 and PUSCH mode 1-2. In those cases, we should consider DCI distributing over multiple RBs. Considering granularity, it is quite possible to multiplex number of UEs in both frequency diversity and frequency selectivity cases. A simulation for 3 candidates is set up to give the picture of what extend of gain we can get for different mapping rules. The candidates are illustrated in figure1. 
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Figure 1 Multiplexing scheme with different diversity orders
We simulate mapping scheme a, b, c with a 8RB search space (0, 7, 14, 21, 28, 35, 42, 49). The payload is assumed as 1 RB/2RBs, which is close to aggregation level 3/6 of PDCCH:

(1) Mapping scheme a, localized mapping without frequency-selective scheduling
Payload is mapped to 1 or 2 randomly chose RB.
(2) Mapping scheme a, localized mapping with frequency-selective scheduling

Payload is mapped to 1 or 2 RBs with best CQI. 

(3) Mapping scheme b, distributed mapping with diversity order 2

Payload is mapped to 1 or 2 RBs alternatively from the 8RBs. And first 6 sub-carrier of each RB are used.

 (4) Mapping scheme c, distributed mapping with diversity order 4

The Payload is mapped to 2 or 4 RBs alternatively from the 8RBs. And first 3 sub-carrier of each RB are used.
The simualtion results is shown in figure 2.
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Figure 2 Link level simulation results for 1RB/2RBs in ETU channel
From the simulation result for 1 RB payload, distributed mapping scheme with diversity order 2 gains 2.5 dB from localized mapping, in case only wideband CQI feed back is availibe. If the distribution order increase to 4 the gain will be 3.5dB.

If payload is 2 RBs, it can be seen that distributed mapping scheme with diversity order 2 gains 0.8 dB from localized mapping, in case only wideband CQI feed back is availibe. If the distribution order increase to 4 the gain will be 1dB.

Proposal 1: Low aggregation level should use high diversity order to ensure performance.

In case the sub-band feedback is availible, it can be seen that locoalized mapping gains 1.5/1.4dB from diversity order 4, for 1RB/2RBs.
Proposal 2: Both distributed mapping and localized mapping should be support in R11.
2.2 UE procedure for control signalling enhancement
As we analyzed, both beamforming and transmission diversity can perform better than other in certain cases. And, UE have to support receiving both in Rel-11. To maximizing the benefit of both schemes,one possibility is to configure 2 areas to support beamforming and diversity. One of the area can support dynamically detecting the transmission schemes, with some cost of blind decoding. The other area only for transmission diversity can be in ePDCCH or replaced by Legacy PDCCH.
Proposal 3: Dynamic detection of transmission scheme should be supported.
3 Conclusion
In this contribtion we gives simualtion results for the different mapping schemes and UE procedure. As conclusion, we propose:

Proposal 1: Low aggregation level should use high diversity order to ensure performance.
Proposal2:  Both distributed mapping and localized mapping should be support in R11.
Proposal 3: Dynamic detection of transmission scheme should be supported.
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Appendix A
Table A1 – Simulation assumption for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE velocity
	3km

	Number of antenna ports per eNodeB
	4

	Number of CRS ports
	4

	Number of antenna ports per UE
	2

	DCI Format 
	Format 2C(45bit)

	Transmission mode 
	TM9

	Antenna polarization
	Enabled

	Number of layers per UE
	Rank 1

	Modulation 
	QPSK

	Allocated RB 
	1,or 2

	TTI
	10000

	Receiver detection
	MMSE-IRC

	CSI-RS Period
	5ms

	Muting Period
	5ms

	Number of Legacy PDCCH symbols
	3 

	Channel estimation on CRS
	2DMMSE

	Channel estimation on CSI-RS
	2DMMSE

	Channel estimation on DMRS
	2DMMSE

	Channel coding
	CC

	Feedback
	Rel-8 4Tx Codebook

	PMI granularity
	Wideband , RB

	CQI/PMI  feedback cycle
	5TTI

	PMI, CQI delay
	5TTI
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