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Discussion and decision
1. Introduction
A work item for handling the agreed work for Enhanced Physical Downlink Control Channel (E-PDCCH) was agreed in RAN#55 [1]. Already in RAN1#66bis following agreement related to E-PDCCH was made:

Introduce an enhanced physical downlink control channel that is:

1) able to support increased control channel capacity

2) able to support frequency-domain ICIC, 

3) able to achieve improved spatial reuse of control channel resource 

4) able to support beamforming and/or diversity

5) able to operate on the new carrier type and in MBSFN subframes

6) 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 following agreements were proposed on the multiplexing of PDSCH and ePDCCH
· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is 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 by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS

This contribution discusses ePDCCH regions, which are resources that are reserved for the enhanced downlink control channel. The starting point for this discussion is the proposed agreement from RAN1#67 that PRB-pair-level multiplexing between PDSCHs and E-PDCCHs within a subframe uses FDM.
2. Discussion
2.1 Common control signaling

Our assumption is that in a foreseeable future PDCCH will be used together with E-PDCCH either on the same carrier or on PCell having cross-scheduled Scells. Therefore common control like system information (SI), random access channel (RACH) response indicator and paging indicator can be transmitted on PDCCH, which has been the case in all previous releases. Hence, E-PDCCH is only used for UE-specific control information in Rel-11.
Proposal 1: In Rel-11 E-PDCCH is always used together with PDCCH, which also transmits the common control. E-PDCCH is only used for UE-specific downlink control channels
2.2 Structure of the E-PDCCH region

According to the decision on FDM multiplexing between PDSCH and E-PDCCH it is natural to confine the E-PDCCH into regions defined by reserved frequency resources. The E-PDCCH region should use all OFDM symbols, except those that are used for PDCCH. It also natural to assume, as is done in the WID, that frequency diversity is important so rather than having a single chunk of resources there should be several smaller subregions distributed over the system bandwidth. More specifically, these subregions are clusters of contiguous PRB pairs, which contains the individual E-PDCCH channels. Exactly how the E-PDCCHs actually are multiplexed in this reserved frequency region is treated in another contribution [2]. Based on these assumptions the E-PDCCH region is shown in Figure 1.
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Figure 1. Example of an E-PDCCH region
The exact position as well as width and number of the clusters depend on factors like system bandwidth, anticipated control capacity, diversity order as well as the control regions in adjacent cells in order to enable frequency domain ICIC. Localized control channels are placed on a single cluster and control channel transmitted with frequency diversity are spread out over several clusters. Of course, the exact positioning of control channels is defined by the search spaces, which are discussed in another contribution [3].
Proposal 2: The E-PDCCH region is formed from multiple clusters of contiguous PRB pairs uniformly spread over the system bandwidth.

2.3 Reuse of PRB pairs configured as E-PDCCH resources

Another important aspect is that it should be possible for the PDSCH to reuse reserved PRB pairs, which are not used in a particular subframe for control. Dynamic reuse optimizes the capacity and is a better alternative than dynamic control resource size signalling as we have on the PDCCH (PCFICH). There are many details related to the dynamic reuse of control resources that must be further discussed and are outside the scope of this contribution. However, dynamic reuse should be the starting point rather than dynamic signalling.
Proposal 3: It should be possible to reuse unused control resources for the PDSCH. Further discussions are needed.

2.4 Multiplexing of PDSCH and E-PDCCH within a PRB pair

In RAN1#67 there was a working assumption that there are no multiplexing within a PRB pair between PDSCH and E-PDCCH. It seems that multiplexing of control and data within a PRB pair would be complicated and have consequences for at least E-PDCCH search spaces and reference signals. In addition the added PDSCH capacity increase from this would be quite limited. In order to keep the structure clean and concise it is proposed to support the WA.
Proposal 4: The WA that there is no multiplexing of PDSCH and E-PDCCH within a PRB pair is supported.

2.5 Configuration and signaling for E-PDCCH regions

Another important consideration is whether the region should be UE-specific or cell-specific. Cell-specific is a primary requirement in order to be able to do frequency domain ICIC between cells. As UE-specific always can be configured as cell specific there would of course be an extra flexibility with UE-specific configuration. In addition the cell splitting scenarios, which has been discussed in the CoMP work item, would benefit from UE-specific or perhaps some kind of group specific use of regions. On the hand is the UE-specific signalling overhead is much larger cell-specific signalling so the starting point is to configure the E-PDCCH region in a cell specific way. 
The search spaces are related to the E-PDCCH region as well as to the signalling. In case there are any search space parameters that should be UE-specifically signalled the UE region signalling could be combined with this. Clearly this topic needs further considerations.
Proposal 5: The starting point is that the E-PDCCH region is configured in cell-specific way and signalled in the system information block (SIB). Discuss further group signaling on the SIB or alternatively pure UE-specific RRC signalling for the region configuration and coordinate the discussions with search space signalling.
3. Conclusions
Enhanced control channel regions and related factors have been discussed in this contribution and some proposals listed below are summarized:

Proposal 1: In Rel-11 E-PDCCH is always used together with PDCCH, which also transmits the common control. E-PDCCH is only used for UE-specific downlink control channels
Proposal 2: The E-PDCCH region is formed from multiple clusters of contiguous PRB pairs uniformly spread over the system bandwidth.

Proposal 3: It should be possible to reuse unused control resources for the PDSCH. Further discussions are needed.

Proposal 4: The WA that there is no multiplexing of PDSCH and E-PDCCH within a PRB is supported.

Proposal 5: The starting point is that the E-PDCCH region is configured in cell-specific way and signalled in the system information block (SIB). Discuss further group signaling on the SIB or alternatively pure UE-specific RRC signalling for the region configuration and coordinate the discussions with search space signalling.
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