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1 Introduction

Enhancement of physical downlink control channel to support CA Enhancement new carrier type, CoMP and DL MIMO has been discussed extensively since RAN1#66. It has been under the work assumption that 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 RAN1#67, the working group further agreed on that:

· Both localised and distributed transmission of the enhanced control channel are supported.
The configuration of E-PDCCH will be more complicated than Rel.8/9/10 PDCCH. Different resource allocation (distributed and localized) will be multiplexed with PDSCH resources, and different transmission schemes, like SFBC and beamforming and MIMO, are going to scheduled dynamically. A new signaling mechanism to indicate to the UEs the configuration of the E-PDCCH will be required. This contribution discusses several alternative ways for signaling the configuration of E-PDCCH.
2 Possible mechanisms for signaling the configuration of E-PDCCH
The configuration of E-PDCCH will be more complicated than Rel. 10 PDCCH. The E-PDCCH schemes discussed in RAN1#67 meeting include:

· Distributed and localized transmissions;

· Single port transmission, and transmission diversity using SFBC;

· Random beamforming, open loop MIMO;
· Dual-layer transmission, including SU-MIMO and MU-MIMO;
· QPSK or 16QAM modulation;

The proposed transmission schemes under distributed transmission mode include transmission diversity, single port transmission scheme and dual layer transmission scheme; under localized transmission node include single port transmission scheme, dual-layer SU-MIMO and dual-layer MU-MIMO transmission schemes. Distributed and localized transmission schemes can be multiplexed in the same slot, and the resources assigned to distributed or localized transmission schemes may vary from slot to slot. Several schemes under localized or distributed distribution share the same resource configuration. All these make it very demanding to signal the configuration of E-PDCCH more demanding. 

In Rel.8/9/10, the only configuration of the PDCCH carried by PCFICH is the number of symbols PDCCH channels occupy. The rest of the configurations, such as the carried DCI format, the aggregation level, cell ID and RNTI, are all embedded in the PDCCH through scrambling and CRC, and can be decoded by the target UEs blinded. PCFICH itself cannot be changed due to legacy UE support. After decoding the PCFICH, Rel. 11 UE will have the knowledge on which is the first symbol the E-PDCCH starts. A signaling channel similar to PCFICH will be insufficient to convey the configuration of the E-PDCCH to the UEs. The E-PDCCH transmission parameters include at least:

a) E-PDCCH resources (distributed or localized eREGs);

b) Transmission scheme (single port, or transmission diversity (SFBC), or spatial multiplexing);

c) Modulation order (if QAM16 is supported);

d) Open loop, or closed loop;

e) Aggregation level;

f) RNTI.

It is obvious that the transmission mode of E-PDCCH is more complicated than PDCCH. Signaling support will be required for the UE to receive E-PDCCH. It is desirable that the E-PDCCH signaling mechanism is able to support flexible scheduling and multiplexing different transmission modes, achieving higher capacity for E-PDCCH channel, reducing (or limiting) the processing power consumption and processing delay at the UE, while not consuming too much resources itself. Here are a few alternatives for the UE to get the E-PDCCH configuration information for decoding:
· Alternative 1: enhanced PCFICH (E-PCFICH) channel

Like PCFICH, it is possible to design a new E-PDCCH to signal the configuration of the E-PDCCH. Similar to PCFICH, the E-PCFICH may only carry minimal information regarding the E-PDCCH configuration in the same subframe.  This will not be sufficient to fully describe the transmission mode of each E-PDCCH channel, but will provide a hint for the UE to ease the decoding of E-PDCCH. Given the complexity of the E-PDCCH configuration, the benefit of E-PCFICH which only carries minimal amount of information it is unclear at this time. It shall be evaluated after the details of E-PDCCH becomes available. Based on this observation, we make the following proposal:
Proposal 1: The benefit to include an E-PCFICH channel shall be left for further studied.
· Alternative 2: Implicit signaling through E-PDCCH and rely on UE blind decoding.
Implicit signaling can be achieved with properly defined search space and CRC scrambled with relevant parameters. This can be done in the similar way as PDCCH. The benefit of implicit signaling is no signaling overhead as there will be no DCI transmitted for E-PDCCH. But with complexity of the E-PDCCH transmissions and the large number of possible configurations, the processing required at the UE to blindly decode the E-PDCCH can be significant. This may be unacceptable for most UEs due to high power consumption and possibly longer processing delay. However, this makes E-PDCCH self-sufficient and does not require a UE to decode signaling transmitted over the PDCCH. This gives the possibility to support non-backward compatible CC where PDCCH may not be present, or to support future new UE types which may not be required to (or may not be capable to) process the entire bandwidth. It can be used with all RNTI. We believe implicit signaling can be the most versatile and robust signaling mechanism for E-PDCCH and shall be considered as a baseline. We propose the following regarding implicit E-PDCCH signaling:
Proposal 2: Implicit signaling through E-PDCCH shall be studied as a baseline. 

· Alternative 3: Signaling through PDCCH dynamically. 
A new DCI can be defined to configure at least part of the parameters of the E-PDCCH. This DCI can be transmitted in every subframe over one or more dedicated PDCCH in the common search space, or a specifically defined search space of Rel. 11 UE. A new RNTI can be defined. The benefit of signaling through PDCCH includes more scheduling flexibility in resource usage and link adaptation, and better taking advantage of MU-MIMO capability by dynamic UE and PMI selection. The capacity of E-PDCCH is expected to be greatly improved over static or semi-static signaling. The drawback is the high overhead on PDCCH. This occupies the valuable PDCCH resources and incurs additional processing and delay at UE. It also requires PDCCH to be present in the carrier and be decoded by all the UEs. When PDCCH is not included in a non-backward compatible CC, or some UE cannot decode the PDCCH due to some limitations, signaling through PDCCH cannot be used. Based on these observations we make the following proposal:
Proposal 3: E-PDCCH signaling through a new DCI transmitted over PDCCH shall be further studied.

· Alternative 4: Signaling through higher layer semi-statically. 
The configuration of E-PDCCH can be signaled through RRC. Due to the high latency of RRC signaling, the configuration can only be updated semi-statically. The benefit of supporting transmission schemes which require flexible scheduling, such as link adaption and MU-MIMO, will be significantly reduced with semi-static signaling. This also makes the E-PDCCH dependent on PDSCH, and possibly dependent on PDCCH as well.  The benefit of RRC signaling is low overhead due to low signaling frequency, and more complicated configuration. It does not require a dedicated physical channel and does not require RAN1 change. This makes it easy for the standard to evolve further. However, using RRC for signaling relies on PDCCH and PDSCH. Therefore it cannot be used when PDCCH is not present or cannot be decoded.
Proposal 4: Semi-static E-PDCCH signaling through higher layer shall be further studied.


We notice that Alternatives 2, 3 and 4 each has its own advantages and drawbacks, and their properties complement each other. It is unlikely that a single method can meet all the signaling requirements under all scenarios. It is best to view these different schemes as complementary and design the E-PDCCH signaling mechanism taking advantages of all these signaling mechanisms. We believe it is possible to design a hybrid scheme incorporating different signaling mechanisms. Details of the E-PDCCH signaling methods will need further study. 
Proposal 5: Hybrid signaling scheme shall be studied in order to take advantage of different signaling mechanisms. 
3 Conclusions

We discussed the requirements for the E-PDCCH signaling mechanism, and discussed 4 alternative signaling mechanisms that can be used for E-PDCCH. Based on the observation and discussions, we made these proposals: 
Proposal 1: The benefit to include an E-PCFICH channel shall be left for further studied.

Proposal 2: Implicit signaling through E-PDCCH shall be studied as a baseline. 

Proposal 3: E-PDCCH signaling through a new DCI transmitted over PDCCH shall be further studied.

Proposal 4: Semi-static E-PDCCH signaling through higher layer shall be further studied.

Proposal 5: Hybrid signaling scheme shall be studied in order to take advantage of different signaling mechanisms. 
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