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Discussion and decision
1 Introduction

Based on considerations from CA enhancement, new carrier type, CoMP and DL MIMO, the working assumption for E-PDCCH was achieved at RAN1#66bis [1], 
· 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.

Among these desirable characters, beamforming/precoding, frequency diversity and scheduling gains are quite important for the reliable transmission of E-PDCCH. Utilizing DM-RS, beamforming/precoding gain can be achieved naturally, but for frequency diversity and scheduling gains, special designs are required. In this contribution, we will show our considerations on the resource allocation and search space design of E-PDCCH to achieve frequency diversity and scheduling gains.
2 Resource mapping granularity
In legacy PDCCH, control channel element (CCE) is defined as the minimum resource mapping granularity for DCI transmission. Similarly, such granularity namely eCCE should also be specified and introduced into E-PDCCH. However, the size of eCCE may be different from CCE, and a reasonable value should be determined with the consideration of payload and experienced SINR condition of DCI. Once the eCCE is defined, the concept of candidate related to the aggregation level can also be reused in E-PDCCH. Higher aggregation level can provide more available resources for localized E-PDCCH or more frequency diversity gains for distributed E-PDCCH.
Proposal 1: eCCE is required to be specified for E-PDCCH. The concept of candidate related to the aggregation level can be reused.
As localized and distributed E-PDCCH pay attention to different gains, it may be hard to define a single eCCE size common for both. Especially for distributed E-PDCCH, more discrete resources have been suggested to be used to achieve higher frequency diversity gain, even only one eCCE is used. Therefore, separate definition of eCCE size and available aggregation level can be considered for localized and distributed E-PDCCH.
Proposal 2: eCCE size and available aggregation level can be specified for localized and distributed E-PDCCH separately.
3 Resource allocation for E-PDCCH region
Scheduling and frequency diversity gains are two main aspects that should be considered in the resource allocation of E-PDCCH, and both require E-PDCCH region to be distributed over whole system bandwidth evenly. However, such distributed structure will cause some restrictions on the resource allocation of PDSCH especially as resource allocation type 2. In addition, for scheduling gain, contiguous resource allocation of E-PDCCH is expected while high aggregation level is used. Therefore, a trade-off structure of localized and distributed resource allocation may be preferable for the E-PDCCH region, and the structure as multiple distributed resource units containing several contiguous RBs can be considered, as shown in Fig.1.
Proposal 3: Multiple distributed resource units containing several contiguous RBs can be considered for the resource allocation of E-PDCCH region.
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Fig.1
 Structure of E-PDCCH region
To determine the size of resource unit, a trade-off consideration is required since large size will reduce the variety of frequency domain fading contained in E-PDCCH region, while small size will make scheduling and resource management more complex at eNB with an assumption of certain amount of total resources. Moreover, from the perspective of scheduling gain, a single resource unit of E-PDCCH is expected to support the maximum aggregation level at least.
If possible, current CSI feedback mechanism is expected to be used to determine the precoding matrix and aggregation level of E-PDCCH, which requires less specification effort. Therefore, in order to determine the size of resource units of E-PDCCH, impacts on periodic/aperiodic CSI feedback mechanism should be considered. For periodic/aperiodic CSI reporting modes supporting subband feedback, different subband sizes are defined, e.g. single subband contains 8 RBs in higher layer-configured aperiodic CSI feedback modes or UE selected periodic CSI feedback modes, or 4 RBs in UE selected aperiodic CSI feedback modes in the case of 20MHz system bandwidth. In our view, the size of subband of CSI feedback can be considered as the starting point to determine the size of resource unit. Proportional relationship between resource unit size and subband size will make current CSI feedback mechanism be reused for E-PDCCH with a large degree.
Proposal 4: The size of subband of CSI feedback can be considered as the starting point to determine the size of resource unit.
4 Search space design for E-PDCCH
Search space design is a key factor for E-PDCCH to get scheduling or frequency diversity gains. Although the search space design of legacy PDCCH is unsuitable for E-PDCCH, some principles and concepts can be reused which will help reducing the specification efforts.
In legacy PDCCH, UE-specific search space is defined for each user in which blind detection is performed to find its own DCI. This is a useful solution to control the number of blind detection because there are so much candidates in legacy PDCCH. Moreover, in order to reduce the possibility of blocking due to DCIs of multiple users with different aggregation level are multiplexed in legacy PDCCH, the starting position of UE-specific search space is forced to perform hopping subframe by subframe based on Hashing function. UE-specific search space is a useful concept to be extended in E-PDCCH since similar problems can also be anticipated to happen. For E-PDCCH, such UE-specific search space can be changed in a dynamic way or semi-statically configured by RRC, which requires more discussions.
Proposal 5: UE-specific search space should be supported in E-PDCCH, which can be changed in a dynamic way based on Hashing function or semi-statically configured by RRC.
As mentioned above, to achieve scheduling and frequency diversity gains, various frequency selectivity is the precondition, that is to say, the UE-specific search space is expected to cover more resource units of E-PDCCH. It can be found that the search space design for E-PDCCH comes down to the design of sorting rule of eCCE, and obviously the contiguous sorting of logical CCE in legacy PDCCH is not fit for the E-PDCCH. To achieve frequency diversity gain, a new sorting rule supporting the concatenation of discrete eCCEs from different resource units, seems much better. However, for scheduling gain, such rule may be not sufficient, especially when large aggregation level is used, which wants to occupy a set of contiguous eCCEs in the target resource unit.
Proposal 6: The sorting rule of eCCE needs more study, which may be designed for distributed and localized E-PDCCH separately.
5 Conclusions

In this contribution, our considerations on the resource mapping granularity, resource allocation and search space design for E-PDCCH are presented, and our proposals are listed as follows,
· Proposal 1: eCCE is required to be specified for E-PDCCH. The concept of candidate related to the aggregation level can be reused.

· Proposal 2: eCCE size and available aggregation level can be specified for localized and distributed E-PDCCH separately.
· Proposal 3: Multiple distributed resource units containing several contiguous RBs can be considered for the resource allocation of E-PDCCH region.
· Proposal 4: The size of subband of CSI feedback can be considered as the starting point to determine the size of resource unit.
· Proposal 5: UE-specific search space should be supported in E-PDCCH, which can be changed in a dynamic way based on Hashing function or semi-statically configured by RRC.
· Proposal 6: The sorting rule of eCCE needs more study, which may be designed for distributed and localized E-PDCCH separately.
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