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1. Introduction

In RAN1 #66bis, motivation and application scenarios for enhanced PDCCH (E-PDCCH) were discussed. A working assumption of introducing E-PDCCH in Rel-11 was made, as the following [1],
Working Assumption from RAN1#66bis, based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:
· Introduce an enhanced physical downlink control channel that is:

· 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

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In this contribution, we discuss the reference signals for E-PDCCH demodulation, considering the various application scenarios.
2. Discussion
2.1. Reference signal for R-PDCCH
In relay backhaul control design [2], either Rel-8 CRS or Rel-10 DMRS are supported for R-PDCCH demodulation. CRS can be used for both interleaved and non-interleaved R-PDCCH transmission, while DMRS can only be used for non-interleaved R-PDCCH. 
When CRS is configured for demodulation, R-PDCCH is transmitted with the same scheme as for PBCH, i.e. single antenna port 0 or transmit diversity with 2 or 4 antenna ports. With the CRS based interleaved R-PDCCH, DCI transmission in backhaul link can be rather robustness since both frequency and spatial diversity are obtainable. 
On the other hand, when backhaul CSI is known at the eNB, DMRS based non-interleaved R-PDCCH can provide beamforming gain. In this case, R-PDCCH transmission is fixed to antenna port 7, so that only transparent MU transmission is possible.
2.2. Reference signal for E-PDCCH
Rel-8 CRS or Rel-10 DMRS can also be considered when deciding E-PDCCH demodulation reference signals. According to the working assumption agreed so far, a comparison of different demodulation reference signal is given in Table 1, considering various E-PDCCH design targets. It is observed that with DMRS as demodulation reference signal, almost all the design targets can be achieved. However, several important characteristics for E-PDCCH would be ruled out if CRS is chosen, such as spatial resource reuse, beamforming, operating in new carrier type or MBSFN subframes, etc. Hence we propose to adopt Rel-10 DMRS for E-PDCCH demodulation. It is also noted that if spatial diversity for E-PDCCH is supported based on DMRS, more study and specification work is required. 

Table 1: Comparison of E-PDCCH reference signals

	E-PDCCH design targets
	Rel-8 CRS
	Rel-10 DMRS

	support increased control channel capacity
	Yes
	Yes

	support frequency-domain ICIC
	Yes
	Yes

	achieve improved spatial reuse of control channel resource
	No
	Support resource reuse
Support MU transmission

	support beamforming
	No
	Yes

	support diversity
	Support frequency diversity
Support spatial diversity
	Support frequency diversity
Require specification work to support spatial diversity

	operate on the new carrier type 
	No, assuming CRS is reduced or even eliminated in new carrier type
	Yes

	operate in MBSFN subframes
	No
	Yes

	coexist on the same carrier as legacy UEs
	Yes
	Yes


In order to further improve the E-PDCCH capacity, multiplexing of DCIs from multiple UEs into one PRB pair can be considered, e.g. by MU-MIMO and/or time/frequency resource multiplexing [3]. In such cases, different UEs can be configured with different DMRS ports for E-PDCCH demodulation. For example eNB can transmit DL grant for UE 1 on antenna port 7 and transmits DL grant for UE 2 on antenna port 8.
3. Conclusions
Based on the above discussion, we have the following proposals:

Proposal 1: Rel-10 DMRS is adopted for E-PDCCH demodulation.
Proposal 2: DMRS antenna port for E-PDCCH should be configurable for each UE.
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