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1
Introduction
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11. In this contribution, we share our views on the design of reference signals for the e-PDCCH. 
2
Discussion
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11, based on considerations from CA enhancement new carrier type, CoMP and DL MIMO. In particular, the e-PDCCH should be:

· 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 of e-PDCCH also include the ability to be scheduled frequency-selectively, and the ability to mitigate inter-cell interference.

In Rel-10, R-PDCCH is supported in the backhaul for half-duplex relay nodes (RNs). The reference signals for R-PDCCH can be based on either DM-RS or CRS, configurable on a per RN basis. In particular, DM-RS based R-PDCCH always uses a PRB in a slot as the minimum resource unit and offers the possibility of exploiting beamforming gain for R-PDCCH. CRS based R-PDCCH may also use a PRB in a slot as the minimum resource unit. Moreover, CRS based R-PDCCH may be configured to follow the same Rel-8 REG based construction, and the same Rel-8 SFBC for transmit diversity. Such configuration ensures transmit diversity with a high frequency diversity level even when one CCE is used for R-PDCCH, which is necessary for robust R-PDCCH operation when reliable and in-time channel and interference conditions are not available at the eNB.
It is worth emphasizing that in the context of Rel-10 relay backhaul design, it is assumed that the RNs are stationary and there are a limited number of RNs served by a given Macro cell. 

The new e-PDCCH aims for Rel-11 UEs under various scenarios. In particular, different from the relay backhaul, the number of UEs monitoring e-PDCCH can be very large in a cell. The channel conditions associated with these UEs can range from low mobility to high mobility, and from low noise/interference to high noise/interference conditions. For some UEs, reliable and fast tracking of channel conditions is possible at the eNB, such that DM-RS based closed loop beamforming is better employed for the e-PDCCH. On the other hand, there will be some UEs where good quality of channel information feedback is not possible or not available at the eNB. For these UEs, transmit diversity based e-PDCCH is more appropriate to ensure proper downlink and uplink operations. 
For transmit diversity based e-PDCCH, it is natural to re-use the same Rel-10 R-PDCCH design. Specifically, the same REG design for R-PDCCH can be re-used for e-PDCCH. The transmit diversity scheme can also be the same as that for R-PDCCH – CRS based SFBC. Such design provides high frequency diversity similar to the legacy PDCCH and R-PDCCH. At the same time, it also requires minimal specification impact. 

It is noted that for the new carrier type(s) to be introduced in Rel-11, as agreed in RAN1#66bis, CRS overhead reduction can be considered, including the possibility of completely removing CRS. However, as shown in [1], it seems still necessary to maintain CRS in the new carrier type(s) with reasonable density in both time and frequency. As a result, CRS based SFBC can still be supported in the new carrier types. 
For transmit diversity based e-PDCCH, one alternative design is to use DM-RS based demodulation. Open loop beamforming can be used. However, due to the presence of CRS, additional RS overhead is inevitable when DM-RS is used for transmit diversity based e-PDCCH. In addition, more specification impact is expected comparing with reusing the same Rel-10 CRS based design for R-PDCCH.
3
Conclusions 

In this contribution, we discussed the reference signals for e-PDCCH. In particular, we propose:
· The same RS design for R-PDCCH should be used as a baseline for e-PDCCH RS design
· For beamforming  based e-PDCCH, DM-RS is used

· For transmit diversity based e-PDCCH, CRS based SFBC transmission scheme is supported, where the same REG construction as defined for R-PDCCH is re-used for e-PDCCH.
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