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1 Introduction

There has been intensive discussion on introduction of an enhanced physical downlink control channel for CA Enhancement new carrier type, CoMP, DL MIMO, etc. From RAN1#66bis, the following working assumption was made in designing the enhanced physical downlink control channel: 
	· 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.


A companion contribution in [1] discusses multiplexing of physical control channels. In this contribution, the demodulation reference signals of E-PDCCH will be mainly discussed.

2 Reference Signal Design

Possible RS design alternatives for E-PDCCH demodulation include:

· Alternative 1: CRS-based enhanced control signaling

Demodulation of E-PDCCH can be based on the legacy wideband CRS (WB-CRS) when using for example transmit diversity or when multiple UEs are multiplexed in the same RBs. As the WB-CRS is widely and densely distributed, channel estimation accuracy will be better compared to other RS design alternatives. However, a WB-CRS based design cannot achieve cell-splitting gains which are important for CoMP scenario 4 and will be problematic for operation in heterogeneous networks. 

· Alternative 2: Group-UE-specific DMRS based enhanced control signaling

In the group-UE-specific DMRS scheme, the eNB does not precode the DMRS according to any of the beamforming patterns that might be suitable for a particular UE. Instead, eNB simply follows a pseudo-random PRB-wise precoding pattern in the frequency domain so that the DMRS is decodable from a group of UEs. Group DMRS is particularly useful for transmission of control channels conveying UE-common information (e.g. ePHICH, ePCFICH, DCI format 3/3A, etc.).  
It is important to note that from UE’s perspective, there is no difference between group-UE-specific DMRS and UE-specific RS, as the same receiver structure will be used to perform channel estimation and data demodulation/decoding.
· Alternative 3: UE-specific DMRS-based enhanced control signaling

A UE-specific DMRS is transmitted per PRB and is precoded according to a beamforming vector that is suitable for this UE, assuming UE feedback is available and reasonably accurate.  Within one PRB, a UE will be allocated a DMRS port for E-PDCCH demodulation. Multiple UEs can share the same set of PRBs using a MU-MIMO transmission scheme (discussed below) if the inter-UE interference is small enough. Otherwise, multiple UEs can be multiplexed in different PRBs in an FDM fashion. 

According to the working assumption made from RAN1#66bis, E-PDCCH should be applicable to frequency domain ICIC and operation on the new carrier type and in MBSFN subframes. Alternative 1 assumes the PRB-pairs where E-PDCCH is transmitted contain the legacy WB-CRS. However, this assumption is only valid for normal subframes where WB-CRS is present. In MBSFN subframes, either alternative 2 or 3 should be applied.
3 Distributed E-PDCCH and Localized E-PDCCH
In LTE Rel-10, R-PDCCH has been introduced for the control signaling from the donor eNB to relay nodes. Both interleaved mode and non-interleaved mode are configurable for R-PDCCH. Similarly, we can introduce distributed E-PDCCH and localized E-PDCCH for the design of enhanced physical downlink control channels in LTE Rel-11. Difference from R-PDCCH is that E-PDCCH will use the DM-RS for demodulation while R-PDCCH uses the CRS. 

[image: image1.emf]E-PDCCH

1

DMRS

E-PDCCH

1

DMRS

E-PDCCH

1

DMRS

frequency

PRB

E-PDCCH

2

E-PDCCH

3

E-PDCCH

2

E-PDCCH

3

E-PDCCH

2

E-PDCCH

3


Figure 1. Distributed transmissions of E-PDCCHs
Distributed E-PDCCH

An E-PDCCH is distributed over multiple distributed PRBs to obtain the frequency diversity gain as well as interference diversity gain, as shown in Figure 1. Since HARQ is not applied to E-PDCCH either, robust transmission of E-PDCCH is important. Distributed PRB transmission is to enable robust transmission by achieving frequency diversity. The group-UE-specific DMRS is used for the UEs to estimate the channel response for demodulation, i.e. Alternative 2. In the example shown in Figure 1, the UEs receiving E-PDCCHs 1, 2, and 3 use the same DMRS for demodulation of those E-PDCCHs.
There are three candidates in E-PDCCH transmission schemes:
· Transmit diversity scheme 

Transmit diversity, e.g. SFBC, has been used for transmissions of physical layer control channels. It requires at least two orthogonal reference signals to differentiate one antenna port from the other. If DMRS ports 7 and 8 are reused as the group-UE-specific DMRS, then the pair of DMRS can be used for transmit diversity scheme. Since DMRS ports 7 and 8 share the same set of frequency-time resources but are distinguished by the CDM codes, there is no increase of DM-RS overhead in using both ports.
· Single-port transmission scheme

One DMRS port needs to be defined to support E-PDCCH single-port transmission scheme. It can be UE-RS port-5 or either DMRS port 7 or 8.  Since port-5 was not mandatory for LTE FDD, it is recommended to utilize either DMRS port 7 or 8 in the sense of reusing the existing DMRS structure. Then we have to specify which DMRS is actually used between ports 7 and 8. It can be hard-coded, e.g. port 7 only, derived from other parameters, e.g. transmission point ID, or configured by higher layer signaling. Same precoding (or equivalently antenna virtualization) is applied to the DMRS and E-PDCCH REs in a given PRB for the UEs to demodulate E-PDCCH in a transparent manner. PRB-wise precoder cycling can be used to achieve diversity gain in the frequency domain. Note that from UE’s perspective, the channel estimation and demodulation process is mostly the same as in the UE-specific RS case, except that PRB bundling cannot be used in channel estimation.
· Dual-layer transmission scheme
Dual-layer transmission of distributed E-PDCCH is possible for the group of UEs experiencing multi-rank channels. This can effectively reduce the amount of resources for distributed E-PDCCH transmissions. As DMRS ports 7 and 8 share the same set of frequency-time resources, no additional DMRS overhead is required to support dual-layer transmission. The search space should be designed in a way to help multiple E-PDCCHs share both layers, and a UE configured with dual-layer E-PDCCH will perform MIMO receiver operation in order to decode these two layers.  In addition, similar to the case of single-port transmission scheme, PRB-wise rank-2 precoder cycling can be applied to achieve diversity gain in the frequency domain.
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Figure 2. Localized transmissions of E-PDCCHs

Localized E-PDCCH
An E-PDCCH is transmitted on one or more PRB part(s) using its own UE-specific DMRS, as shown in Figure 2, where a PRB-pair consists of one or multiple PRB part(s). This transmission scheme is supposed to maximally achieve beamforming gain for E-PDCCH. Therefore, reasonably accurate channel knowledge at the eNB is necessary. If the channel knowledge at the eNB is inaccurate, then the eNB may need to consider a relatively large margin in resource allocation for robustness. The UE-specific DMRS is used for the UEs to estimate the channel response for demodulation, i.e. Alternative 3. In the example shown in Figure 2, the UEs receiving E-PDCCHs 1, 2, and 3 use their own DMRS for demodulation.
There are three candidates in E-PDCCH transmission schemes:

· Single-port transmission scheme

One DMRS port per E-PDCCH needs to be defined to support E-PDCCH single-port transmission scheme. As discussed above, it is recommended to utilize either DMRS port 7 or 8 in the sense of reusing the existing DMRS structure. Depending on how many PRB parts are defined in a PRB-pair, more orthogonal DMRS may need to be further supported.  For example, if {1,2,4} PRB parts are defined in a PRB-pair, {1,2,4} sets of orthogonal DMRS are needed, respectively. Then we have to specify which DMRS is actually. It can be hard-coded, derived from other parameters, e.g. UE ID for MU-MIMO, or configured by higher layer signaling. Same precoding (or equivalently antenna virtualization) is applied to the DMRS and its corresponding E-PDCCH REs for the UEs to demodulate E-PDCCH in a transparent manner. 
· Dual-layer SU-MIMO transmission scheme

Dual-layer transmission of E-PDCCH is possible for UEs experiencing multi-rank channels, and it can effectively reduce the amount of resources required for E-PDCCH transmissions. If DMRS port 7 and 8 are used for dual-layer transmission, then there will be no increase in DMRS overhead. Noteworthy, since the UEs experiencing rank-1 channels cannot decode the dual-layer E-PDCCH, this transmission scheme should be limited to high geometry UEs experiencing multi-rank channels only. 
· Dual-layer MU-MIMO transmission scheme 

By applying accurate precoding as well as assigning appropriate multiple E-PDCCHs onto the same PRB such that the assignment leads to small inter-UE interference, MU-MIMO of E-PDCCH can be supported. This operation can efficiently increase the E-PDCCH capacity as in MU-MIMO of PDSCH. However, the eNB needs to have accurate channel knowledge for MU-MIMO scheduling. Otherwise, due to the inter-UE interference, the eNB may need to take into account a larger margin in resource allocation which may dismiss the E-PDCCH capacity gain.
Multiplexing of distributed and localized E-PDCCHs

If we introduce both distributed transmission and localized transmission of E-PDCCHs, then how to multiplex different types of E-PDCCH needs to be studied. Since distributed E-PDCCH and localized E-PDCCH cannot live in the same PRB, frequency division multiplexing is the most natural solution. The UEs should be aware of which PRBs are reserved as distributed E-PDCCH region or localized E-PDCCH region. This indication can be signaled via a higher layer and/or the physical layer.
In the distributed E-PDCCH region, Alternative 2 (group-UE-specific DMRS) is adopted for multiple E-PDCCHs to share the same DMRS resources. In the localized E-PDCCH region, Alternative 3 (UE-specific DMRS) is adopted for individual E-PDCCH to have its own DMRS.

4 Conclusions

This contribution discussed the demodulation reference signals of E-PDCCH. From the observations we’ve seen in this contribution, the following proposals are presented for RAN1’s discussion and decision:
· Design both distributed and localized E-PDCCH.

· Populate distributed E-PDCCHs in the distributed E-PDCCH region and localized E-PDCCHs in the localized E-PDCCH region while the regions are multiplexed in the frequency domain.

Furthermore, we identified potential transmission schemes for E-PDCCHs as follows:

· Distributed E-PDCCH
· Transmit diversity scheme

· Single-port transmission scheme

· Dual-layer transmission scheme
· Localized E-PDCCH
· Single-port transmission scheme

· Dual-layer SU-MIMO transmission scheme

· Dual-layer MU-MIMO transmission scheme
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