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1
Introduction

In RAN1#66bis, it was agreed to introduce a new enhanced physical downlink control channel:
“Working Assumption:

· 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 provide our views on reference signals used for E-PDCCH demodulation.

2
Applicability of CRS and UE-specific RS for E-PDCCH
The agreement reached in RAN1#66bis set some clear goals for the capabilities that should be supported by the enhanced physical downlink control channel. Hence the RS chosen for E-PDCCH should enable achieving these goals. In the following we compare different approaches for achieving the above listed goals, assuming that the RS choice is done mainly between using cell-specific RS (CRS) or UE-specific RS for demodulation of E-PDCCH: 
· Increased control channel capacity: System control channel capacity can be increased by increasing control channel resources, decreasing the amount of resources needed by each DCI, and/or improving the control channel spectral efficiency. While either CRS or UE-specific RS are applicable to the first two cases, it is not clear whether spectral efficiency can be further improved by using CRS, unless e.g. adopting higher-order modulations and hence increasing blind decoding complexity. On the other hand, UE-specific RS may for example enable use of MU-MIMO and CoMP techniques also for control channel. Furthermore it is noted that any techniques applicable for CRS-based control channel would be applicable also for UE-specific RS –based control channel. All in all, for increased control channel capacity, UE-specific RS seem to be a more flexible choice.
· Frequency-domain ICIC: Cell-specific RS are by default broadcast over the whole system bandwidth, hence significantly degrading the possibilities to do frequency-domain ICIC, whereas UE-specific RS are naturally suited well for ICIC as they are only transmitted within the PRB pairs that carry also E-PDCCH transmissions. In principle CRS could also be transmitted only in these resources, however in such case the benefits over using UE-specific RS are far from clear as for example the channel estimation filtering benefits are lost, if CRS usage is confined per PRB.
· Improved spatial reuse of control channel resource: By definition, cell-specific RS are broadcast over the whole cell and hence are not suitable for spatial reuse within a cell, unlike UE-specific RS.
· Support of beamforming and/or diversity: Both CRS and UE-specific RS are equally applicable for diversity transmission. For beamforming however, CRS would require signaling of the precoders. In E-PDCCH context, since such signaling is not available, this would most likely mean increased blind decoding and even then highly inflexible precoding. UE-specific RS on the other provides transparent precoding from UE perspective and as such gives full flexibility for precoding, allowing also for flexible multi-user operation.
· Ability to operate on the new carrier type and in MBSFN subframes: Cell-specific RS are not transmitted in MBSFN subframes; also it is still for discussion whether CRS are transmitted on the new carriers. UE-specific RS on the other hand are applicable in both cases.
· Coexistence on the same carrier with legacy UEs: There is no difference between cell-specific RS and UE-specific RS from co-existence perspective.
Based on the above discussion, clearly UE-specific RS are well-suited for achieving all of the goals set for the E-PDCCH design. While use of CRS might achieve many of the design goals, UE-specific RS provide more flexibility in terms of multi-antenna schemes, spatial reuse of control channel resources, frequency-domain ICIC, and new carrier types as well as MBSFN subframes. 
Proposal:
· UE-specific RS is used for demodulation of E-PDCCH.

· Use of cell-specific RS for demodulation of E-PDCCH is precluded.
3
Shared UE-specific RS for E-PDCCH demodulation
In [1]
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[2], the use of group-UE-specific RS, non-UE-specific RS or transmission point –specific RS for transmissions targeting multiple UEs or even the whole coverage area of a transmission point has been discussed. Such RS find applications in the following cases:
· Transmission of a single DCI common to all/multiple UEs, e.g. common search space if support of such is deemed necessary for E-PDCCH.

· Transmission of multiple DCIs targeting different UEs but requiring shared RS, e.g. frequency diversity transmission, including support for frequency diversity for aggregation level 1, with or without interleaving.

While the need of common search space on E-PDCCH requires further discussion, frequency diversity transmission may anyway be needed for example for [3]:

· Robust performance in presence of wideband CQI feedback only.
· High mobility or other cases where CSI is outdated or not available and channel non-aware transmissions need to be utilized.

Such transmissions require shared RS for multiple UEs since it will be beneficial if only a fraction of a CCE per UE is transmitted within one PRB pair such that even DCIs transmitted with aggregation level 1 can be distributed over multiple PRB pairs in order to obtain sufficiently high diversity order. In this case, to still utilize the PRB pairs efficiently, one will need to multiplex parts of a CCE from multiple DCIs / multiple UEs within one PRB pair. Since the number of UE-specific RS ports is scarce, the UEs should preferably utilize the same UE-specific antenna port for demodulation in this case. It is noted that UE-specific RS are very well applicable to transmissions common to all/multiple UEs as long as the antenna port to physical antenna mapping for the RS and for each UEs’ DCI is the same. From that perspective there does not seem to be any need to standardize any new RS for this purpose.
Observations:

· UE-specific RS are also applicable for transmission of a single or multiple DCIs to multiple UEs with the same antenna port to physical antenna mapping.
· No need to standardize additional RS for common control channel transmissions.
4
Conclusions
In this contribution we have provided our views on the reference signals for E-PDCCH demodulation. Based on our analysis we conclude that UE-specific RS would provide the most flexible choice for E-PDCCH demodulation, capable of achieving all the design goals set for E-PDCCH in RAN1#66bis. Therefore, we propose:

Proposal:

· UE-specific RS is used for demodulation of E-PDCCH.
· Use of cell-specific RS for demodulation of E-PDCCH is precluded.

Furthermore, we discussed briefly the need of new RS targeting multiple UEs for E-PDCCH purposes. Since UE-specific RS can in fact be shared by multiple UEs as long as the antenna port to physical antenna mapping is the same for all transmissions, our observations are drawn as follows:
Observations:

· UE-specific RS are also applicable for transmission of a single or multiple DCIs to multiple UEs with the same antenna port to physical antenna mapping.
· No need to standardize additional RS for common control channel transmissions.
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