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1. Introduction & Background
In RAN1#65, quite a lot of application scenarios for PDCCH enhancement are proposed by several companies.  This results in coverage improvement, capacity improvement, interference mitigation/avoidance and etc. Following is a list of the proposals.
Control channel performance enhancement: 
Depending on the specific solution increasing the number of antennas at the base station might degrade the performance of downlink control channels. It is proposed that improving performance for downlink control channels transmitted over antenna arrays should be addressed with priority by the Rel-11 DL MIMO study item to ensure that higher order MIMO and beamforming remains a viable technique to increase spectral efficiency and coverage also real world deployments. [1]
Control Channel Capacity:

Rel-8/9/10 PDCCH Capacity: For 10MHz system bandwidth, only 17/14 CCEs are available for DL resource allocation for 2/4-Tx systems, respectively. [2]
MU-MIMO: In order to enable more UEs to experience the advanced MIMO techniques in a wide coverage scenario, the sufficient capacity of DL control channel should be ensured.
CoMP with single-cell ID: all the transmission points need to transmit the same DCI mapped in the same PDCCH region, and hence the capacity of the DL control channel will become problematic especially for legacy (Rel-8/9/10) UEs that rely only on the existing PDCCH
HetNet with cross-carrier scheduling: One of them is carrier aggregation (CA)-based heterogeneous network deployment where cross-carrier scheduling specified in Rel-10 is used. [3]
Spatial multiplexing for DCI transmission: PDCCHs cannot be spatially multiplexed. E-PDCCH enables spatial multiplexing. [5]
Deployment of large-scale low power node:
In scenarios with distributed antennas DMRS-based data resources can be spatially re-used while the re-use potential for CRS-based control resources is much more restricted. [4]
Frequency domain ICIC for control channel in Rel-11:
UE specific control signaling would allow for frequency domain ICIC of control channels, which would be useful in macro deployments but which would be especially useful in heterogeneous deployments using cell-range expansion. [4]
Improving the spectral efficiency for transmitting DCI
On the PDCCH the DCIs can only be transmitted in a distributed fashion. However, for certain UEs, it is more efficient to transmit the DCI in a localized fashion – similarly to the PDSCH in order to enable frequency selective scheduling gain of DCI transmission. [5]
This contribution lists a couple of potential application scenarios by introducing enhanced PDCCH.
2. Application scenarios 
2.1. Beamforming for control channel
The existing solutions for transmitting downlink control channels over antenna arrays gives worse performance than when antenna arrays are not used. This is due to 
· Sectorized beamforming weight did not create beamforming gain to control channel;

· For 8Tx, antenna gain is reduced compared for 2Tx in order to keep compact size of 8Tx

· antenna gain is reduced as we are not using unity sectorized beamforming weight
· the control channel coverage is limited by PDCCH. This is more serious if uplink control channel is improved by equipped more receiving antenna while the downlink control channel is not in favour of.

One idea for enhancement is to allow for downlink control channels to be transmitted in a similar, precoded way as the PDSCH. Then

Proposal 1: DM-RS-based E-PDCCH which carriers DCI shall be considered in Rel-11.

2.2. Frequency-domain ICIC for E-PDCCH
Allowing downlink control channels to be transmitted in the similar way as PDSCH allows network to implement inter-cell frequency domain coordination. Interference from neighbouring cell can be avoided in order to guarantee control channel robustness.
For Macro-Pico deployment with moderate bias, frequency-domain ICIC gives Rel-11 UE additional benefit to overcome severe interference from aggressor cell. It shall be noted CRS pollution from aggressor cell influence performance impact to E-PDCCH in victim cell. 
Proposal 2: Frequency-domain ICIC for E-PDCCH shall be considered in Rel-11
2.3. E-PDCCH usage when additional carrier type introduced
2.3.1. DCI with multiple link
Rel-11 UEs can make use of E-PDCCH to enable more robust control channel transmission. E-PDCCH transmission is similar to PDSCH which is precoded  by UE-RS. This is more challenging to common control channels transmission. These common control channels include SIB1, paging, E-PDCCH resource allocation and etc.

 However, when extension carrier is configure, separate transmission can be used for downlink control channel on mother carrier and extension carrier respectively. 
· For mother carrier, PDCCH is used to indicate resource allocation for PDSCH which carriers SIB1, paging or E-PDCCH resource allocation. If cross-carrier scheduling is supported, PDCCH linked PDSCH can be allocated to either mother or extension carrier.
· For extension carrier, E-PDCCH is used to indicate resource allocation for PDSCH which carriers DCI in UE-specific search space, e.g, DL Grant, UL Grant, power control and etc. If cross-carrier scheduling is supported, E-PDCCH linked PDSCH can be allocated to either mother or extension carrier.

In order to support above scenario, Rel-11 shall support PDSCH linked to DCI in multiple carrier. That is to say,
Proposal 3: for cross-carrier scheduling, reconsider linkage design between PDCCH/E-PDCCH carrier to PDSCH/PUSCH carrier in Rel-11. Whether multiple-to-multiple linkage shall be used need to be investigated.
In generally, supporting multiple-to-multiple linkage increase blind decoding tests compared to one-to-one linkage. However, it can be achieve by reducing the blind decoding number of E-PDCCH and restrict the multiple-to-multiple linkage in a small set, e.g., 2-to-2 linakge between PDCCH/E-PDCCH carrier to PDSCH/PUSCH carrier.
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Figure 1. DCI with multiple link
3. Conclusion
In this contribution, UL HARQ timing for TDD system is proposed based on 3 proposals
Proposal 1: DM-RS-based E-PDCCH which carriers DCI shall be considered in Rel-11.
Proposal 2: Frequency-domain ICIC for E-PDCCH shall be considered in Rel-11

Proposal 3: for cross-carrier scheduling, reconsider linkage design between PDCCH/E-PDCCH carrier to PDSCH/PUSCH carrier in Rel-11. Whether multiple-to-multiple linkage shall be used need to be investigated.
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