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Discussion/Decision
1
Introduction
In RAN plenary #56 meeting, it was agreed that the ePDCCH common search space is narrowed down from Rel-11 ePDCCH WI scope and postponed to Rel-12 [1]. Therefore, the ePDCCH search space design issues in this contribution will be focused on the UE-specific search space.
The following remaining issues will be discussed for the progress of ePDCCH UE-specific search space design in Rel-11:

· Aggregation levels for ePDCCH
· Search space definition with localized and distributed transmission
· Fall-back transmission
2
Discussions
The search space has been used for PDCCH in order to reduce the number of blind decoding attempts while utilizing PDCCH resources as much as possible, thus resulting in reduced UE receiver implementation complexity. Four aggregation levels {1, 2, 4, 8} have been supported within a UE-specific search so that various coding rates are available for PDCCH link adaptation. In the PDCCH, the available number of REs is fixed as 36REs always so that the same effective coding rate could be achieved with an aggregation level independently from the subframe configuration. Assuming that the same DCIs are used for ePDCCH, the effective coding rates according to the aggregation levels should be kept as similar with the PDCCH considering that the same cell coverage should be supported with ePDCCH as well.

In RAN1 #69 meeting, it is agreed that a PRB-pair is split to a fixed number of eREGs irrespective of the reference signal configuration and an eCCE is formed by grouping of multiple eREGs, which implies that if the fixed number of eREGs are grouped to form an eCCE, the effective coding rate will be changed from a subframe to another according to the subframe configuration. In order to address this issue, two alternatives could be considered.

· Alt-1: variable aggregation levels – the aggregation levels may be changed according to the reference configuration in a subframe in order to provide similar effective coding rate. For instance, if a number of REs for an eCCE is closed to 36 REs, the aggregation level {1, 2, 4, 8} is used. However, if a number of REs for an eCCE is smaller than 36 REs, the aggregation level {2, 4, 8, 16} is used.
· Alt-2: variable number of eREG to form an eCCE – an eCCE is formed with n eREGs and the n may be changed according to reference signal configuration in a subframe in order to provide a similar effective coding rate with the aggregation levels {1, 2, 4, 8}. In this case, the n which provides a similar number of available REs as legacy PDCCH (i.e., 36 REs) should be selected. 
Between these two alternatives, Alt-1 could be simpler as the eCCE definition is not changed according to the reference signal configuration, however its resource allocation granularity may be too coarse. On the other hand, Alt-2 may handle the available number of REs per eCCE in more flexible manner since it changes number of eREGs and one eREG contains few subcarriers.

Proposal-1: the same aggregation level as legacy PDCCH {1, 2, 4, 8} is used and the number of eREG per eCCE may change according to the reference signal configuration in a subframe.
Since the common search space is not introduced for ePDCCH in Rel-11, a UE configured with ePDCCH needs to monitor a common search space in legacy PDCCH region in all subframes while UE-specific search space is monitored in ePDCCH region, which implies that distributed transmission is supported always at least in legacy PDCCH region. In consequence, a fall-back transmission could be supported in the common search space. This fall-back transmission may be used for the ambiguity period during RRC reconfiguration, if any. However, considering that the resource for common search space in legacy PDCCH is quite limited and shared with all UEs in a cell, the fall-back support in common search space may not be enough to take care of all UEs suffering from channel aging and/or strong interference from neighour cells. Note that UE-specific search space in ePDCCH may enjoy frequency domain ICIC so that the UE-specific search in ePDCCH may have better coverage than the common search space in legacy PDCCH. Therefore, it would be safer to define another fall-abck transmission in UE-specific search space. The fall-back transmission in UE-specific transmission needs to use distributed transmission to provide robustness when no CSI is available at the transmitter.
Proposal-2: a fall-back transmission is defined within UE-specific search space with distributed transmission.

Given that a fall-back transmission is supported in a UE-specific search space, irrespective of the ePDCCH transmission, at least a subset of eCCE within a UE-specific search space should be defined as distributed transmission. For example, if a UE is configured to support localized transmission, the distributed eCCE is partially defined within the UE-specific search space so that fall-back operation could be supported within the distributed eCCEs.
Proposal-3: at least a subset of UE-specific search space should be defined as distributed eCCEs.
Multiple ePDCCH resource sets may be defined for better ePDCCH resource utilization [2]-[3]. A UE-specific search space may be defined over multiple ePDCCH resource sets and among the multiple ePDCCH resource sets, at least one ePDCCH resource set could be defined as common ePDCCH resource set so that if small number of UE needs to be scheduled in a subframe, the common ePDCCH resource set may be used for all UEs to be scheduled in the subframe and other ePDCCH resource sets are used for PDSCH transmission. In this case, the common ePDCCH resource set could be defined as distributed transmission and other ePDCCH resource sets may be defined as either distributed or localized ePDCCH resources.
Assuming that the fall-back transmission is supported in UE-specific search space, the common ePDCCH resource set may be defined as fall-back ePDCCH resource and shared with all UEs configured with ePDCCH reception.
Proposal-4: multiple ePDCCH resource sets are used and one of ePDCCH resource sets is used as a common ePDCCH resource for better ePDCCH resource utilization.
3
Conclusions

In this contribution, we discussed on ePDCCH search space as well as the fall-back operation. From the discussions, we propose followings:

Proposal-1: the same aggregation level as legacy PDCCH {1, 2, 4, 8} is used and the number of eREG per eCCE may change according to the reference signal configuration in a subframe.

Proposal-2: a fall-back transmission is defined within UE-specific search space with distributed transmission.

Proposal-3: at least a subset of UE-specific search space should be defined as distributed eCCEs.
Proposal-4: multiple ePDCCH resource sets are used and one of ePDCCH resource sets is used as a common ePDCCH resource for better ePDCCH resource utilization.
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