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Discussion/Decision
1 Introduction

A set of working assumptions related to ePDCCH design were agreed in RAN1#66bis taking the requirements for new carrier types in CA enhancement, CoMP, and DL MIMO enhancement WIDs into consideration. It was agreed that the enhanced physical downlink control channel should be able to

· Support increased control channel capacity

· Support frequency-domain eICIC (CA-based eICIC)
· Achieve improved spatial reuse of control channel resource

· Support beamforming and/or diversity

· Operate on the new carrier type and in MBSFN subframes  

· Coexist on the same carrier with legacy UEs

The discussions on the multiplexing of ePDCCH with PDCCH/PDSCH were not concluded in RAN1#67 due to lack of consensus and will resume in RAN1#68. It was debated whether multiplexing between PDSCHs and ePDCCHs within a subframe should be at PRB-pair level using FDM and if a PRB pair should contain parts of different ePDCCHs to different UEs. A working assumption was agreed that there should be no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair, it would be using FDM. 
It was stated that it was desirable to include the ability to use frequency-selective scheduling and to mitigate inter-cell interference in the design of new PDCCH structure. In light of the above issues and/or desired improvements, we propose the following additional considerations for enhanced PDCCH design:
· A new ePDCCH region is defined in the time and frequency domain where each ePDCCH is formed based on similar CCE aggregation concept where each enhanced CCE (eCCE) is confined within a PRB pair in each subframe. Depending on the size of the eCCE and similarity of channel conditions for different users, there may be up to four eCCEs within a PRB-pair. This would allow frequency division multiplexing of ePDCCH and PDSCH which further facilitates allocation and signaling of control and data allocations. Note that the existing CCE structure occupies 36 resource elements and some resource elements are further designated to DM-RS, CSI-RS, and CRS (if used).
· The DM-RS is exclusively used for ePDCCH channel estimation and coherent demodulation/detection. This requirement would relax the dependency on CRS and further enable use of MU-MIMO and beamforming schemes for the control channels.
· Based on the new eCCE structure and design, new PDCCH and DCI formats may be defined to support new applications and enhanced MIMO modes.

· The ePDCCH in each subframe containing the legacy PDCCH shall begin immediately after the last OFDM symbol used for legacy PDCCH. This requirement will ensure backward compatibility and legacy support while introducing a new FDM-based control structure.
· The search spaces (both common and UE specific) of the Rel-11 UEs on non-backward compatible carriers (e.g., extension carriers) should be independent and separate from those of earlier releases. This would reduce the complexity and the number of blind detections for allocations exclusively on the non-backward carriers. In some cases, cross-carrier scheduling from the backward compatible carrier may be used.
· The PRBs used for each ePDCCH region may be permuted and allocated in localized or distributed manner in order to exploit the frequency diversity gain.
· It is desirable to use the same physical structure for ePDCCH in TDD and FDD duplex schemes in order to reduce the cost and complexity of the multi-mode devices. Nevertheless, the downlink/uplink scheduling and allocation limitations of the TDD systems shall be taken into consideration in the design.
· Given that the small-sized cells and small-range dense deployments have become of great interest lately, it may be possible to use higher modulation orders such as 16QAM for baseband processing of the control channels due to lower path loss and higher operational SINRs. Thus, it is recommended that the performance of ePDCCH with higher modulation orders under realistic propagation and mobility conditions is investigated.
· The legacy control region only supports transmit diversity transmission mode. The transmit diversity scheme is a robust transmission scheme but the efficiency may not be as good as beamforming. Increasing the number of transmit antennas may not yield higher MIMO gain for transmit-diversity-based ePDCCH transmission. In some cases, performance degradation is even seen in some scenarios. Beamforming is a well-known technique to improve the coverage.  In Rel-11, beam-formed ePDCCH is a promising concept, which should be extensively studied.  

2 Proposed ePDCCH/PDCCH/PDSCH Multiplexing Scheme 
Based on the design requirements discussed earlier, we propose an ePDCCH structure and multiplexing scheme that it is believed to not only satisfy the current expectations, but also is extensible and scalable in order to streamline the evolution of the LTE radio access technology in Rel-12 and beyond.
Figure 1 illustrates the high-level concept of the ePDCCH design. The frequency resources in each subframe are partitioned into a number of frequency partitions where each frequency partition corresponds to an ePDCCH region. Each ePDCCH region consists of an integer number of physically consecutive (localized) or logically consecutive (distributed) PRBs. Each ePDCCH region may be assigned to one or more RRHs associated with a macro-cell (orthogonalization of the RRH control regions and allocations). Although we use CoMP scenario 3 or 4 as an example, the proposed design can be used in other deployment scenarios such as on non-backward compatible carriers. Furthermore, the proposed design can be equally applied to TDD and FDD duplex schemes.
Note that the partitioning of frequency resources is configurable and may change over time based on a cell-specific semi-static or dynamic pattern. The ePDCCH regions are located in predetermined (configurable) frequency partitions. The allocation of ePDCCH regions is coordinated across neighboring eNBs to reduce the inter-cell interference. The coordination of the ePDCCH regions corresponding to RRHs within a cell is conducted by the eNB. Similar to the previous releases of LTE, each ePDCCH comprises a number of enhanced CCEs depending on the desired aggregation level. Note that currently each CCE consists of 36 resource elements and each PRB comprises 12×NSym sub-carriers, thus it is anticipated that each PRB-pair may encompass up to four eCCEs. In the case of eCCE aggregation, aggregated eCCE units are mapped to different PRBs to ensure maximal use of frequency diversity. 

Figure 2 illustrates the structure of a PRB-pair including the DM-RS reference signals which is similar to that of Rel-9/10 of LTE as well as the legacy PDCCH regions. While the figure depicts DM-RS locations (assuming the existing orthogonal cover codes are used for multiplexing of the two reference signals) corresponding to two transmit antennas, higher antenna configurations and thereby more DM-RS signals can be accommodated similar to that of Rel-10 for the purpose of beamforming of the UE-specific control channels.
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Figure 1: Multiplexing of ePDCCH Regions Corresponding to Different Transmission Nodes in CoMP
The frame structure supporting the proposed ePDCCH is shown in Figure 2 for backward compatible and non-backward compatible carriers. Note that some non-backward compatible carriers, depending on their types, may or may not include ePDCCH and instead use cross-carrier scheduling from a backward compatible carrier.

Since user traffic is allocated in PRB pairs over a subframe, in consideration for downlink link budget, the ePDCCH may or may not exist in each downlink slot. The smaller cell sizes may require reconsideration of the existing assumption for minimum TTI of 1 ms and to reduce it to 0.5 ms (one slot), which further reduces the user-plane and control-plane latency and increases the spectral efficiency. In that case, the ePDCCH would exist in each downlink slot and resource allocations will be performed within each slot. The proposed structure is the same for TDD and FDD duplex schemes. Depending on the TDD frame configuration mode, the ePDCCH is located in the downlink slots (or subframes) similar to that of FDD systems.
3 Conclusions and Recommendations
An ePDCCH structure and multiplexing scheme was proposed were the control blocks are contained in PRB pairs and are frequency division multiplexed with data blocks across frequency over the extent of a subframe. It is proposed that the following recommendations be considered as the baseline for the design of ePDCCH:
1- The ePDCCH shall consist of one or more eCCEs (belonging to one or more users with similar channel conditions) that are mapped to one or more permuted PRBs.
2- The ePDCCH shall exclusively use DM-RS for channel estimation and coherent demodulation

3- Rel-11 UE search spaces over non-backward compatible carriers shall be limited to ePDCCH regions

4- The ePDCCH structure shall be the same for TDD and FDD duplex schemes

5- The ePDCCH regions shall be located in configurable frequency partitions with frequency reuse factor of one or higher by taking inter-cell and intra-cell interference coordination considerations into account.

6- The use of shorter TTI value of one slot in downlink transmissions within small-sized cells should be investigated while ensuring no negative impact on downlink link budget for both control and data channels.
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Figure 2: Multiplexing of PDCCH, ePDCCH with PDSCH as well as eCCEs within PRB-pairs
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