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1. Introduction

Details of ePDCCH in Rel.11 were discussed in RAN1#69, particularly concerning the antenna ports, transmit diversity and ePDCCH mapping in presence of other signals. In this contribution we focus on ePDCCH search space design, including aspects related to aggregation level and monitoring of localized/distributed transmission. 
2. Discussion
2.1. General principle
Legacy search space comprises of multiple PDCCH candidates where a PDCCH candidate is defined as an aggregation of N CCEs (N = 1, 2, 4, 8). For 1/2/4/8 CCE aggregation levels, the UE-specific search space (USS) comprises of 6/6/2/2/ PDCCH candidates.  The well-proven mechanism of CCE aggregation enables PDCCH link adaptation to adapt to the dynamically changing radio link quality, and should naturally be adopted for ePDCCH. Details of ePDCCH aggregation as well as the number blind decoding should reuse PDCCH design as a starting point, while taking into account the nature of DMRS-based beamforming.
The set of ePDCCH aggregation levels affects the code rate adjustment and link adaptation flexibilities. Assuming eCCE size is comparable to CCE (e.g. 36 RE), a total of 4 aggregation levels seem to be a good starting point to ensure flexible ePDCCH link adaptation. Regarding the aggregation levels to be monitored, {1, 2, 4, 8} is a reasonable baseline.
Proposal: 

· Consider ePDCCH candidate of at least 1/2/4/8-eCCE aggregations, assuming eCCE size is comparable to that of CCE.
It has been discussed whether all aggregation levels should be supported for localized/distributed transmission. Adjustment of aggregation enables code-rate adaptation to the SNR range of a UE, e.g. a low/high aggregation level may be used for users in the cell center/edge. On the other hand, distributed/localized transmissions are tailored to other system properties such as antenna correlation, UE mobility and CSI availability. These channel properties are rather independent and may vary significantly in different deployment setups. As such there is no obvious reason to tie the aggregation level to a particular transmission scheme. 
Proposal:

· All aggregation levels are applicable for both localized and distributed ePDCCH.

2.2. Monitoring of Localized/Distributed Transmission
Several issues regarding localized/distributed transmission will impact the search space design, e.g. whether a UE monitors both localized and distributed ePDCCH in one subframe.
2.2.1. UE monitors localized or distributed transmission in a subframe

In this case the search space design is rather straightforward by reusing the PDCCH mechanism. A new hashing function is needed to determine the search space for each aggregation level, once eCCE structure is finalized. 

2.2.2. UE monitors both localized or distributed transmission in a subframe

Localized transmission is primarily for harnessing the beamforming gains arising from correlated antennas when accurate CSI is available. Distributed transmission is applicable in both correlated and uncorrelated channels, while providing an extra level of link robustness from frequency diversity. It could be argued from this perspective that localized/distributed transmission are optimized for different scenarios and may not co-exist in a single subframe, especially when the large-scale channel property (e.g. spatial correlation, UE mobility) does not rapidly change on a per-subframe basis. However, when localized transmission is configured, simultaneously monitoring distributed ePDCCH in the same subframe provides extra link robustness. From this perspective supporting localized/distributed transmission in the same subframe is beneficial.

Observation: 

· If localized transmission is configured, simultaneously monitoring distributed ePDCCH is beneficial for link robustness and may be considered. 
The search space and number of blind decoding need to be carefully studied for a tradeoff between the specification/implementation complexity, blocking probability and ePDCCH capacities. 
It was proposed that ePDCCH transmission (localized vs. distributed) can be implicitly tied to the aggregation level, e.g. high aggregation level (e.g. 8-eCCE) is always monitored with distributed transmission. This proposal arises from the understanding that high aggregation provides high coding gain and is suitable poor radio condition (e.g. cell-edge). Restricting 8-eCCE aggregation to distributed transmission will guarantee maximum diversity, but such a hard restriction limits the scheduler flexibility. Alternatively, the higher layer should be able to configure the transmission scheme for each aggregation level.
Another problem of tying the transmission scheme to the aggregation level is that, in the event of an RRC-reconfiguration, the network is forced to always use the highest aggregation level (e.g. 8-CCE) to exploit diversity gain. This imposes an unnecessary restriction on the ePDCCH scheduler because the highest ePDCCH overhead is always incurred even if a smaller-size ePDCCH suffices. As control channel capacity is a primary design objective, it is preferable to reserve some distributed ePDCCH in each aggregation level, so downlink control overhead may be reduced for fall-back transmission.
Proposal:

· The set of aggregation levels to be monitored can be UE-specifically configured by higher-layer.

· The number of ePDCCH candidates monitored with localized/distributed transmission can be configurable by higher-layer for each aggregation level. 

· If a UE monitors both localized and distributed ePDCCHs in one subframe, consider reserving at least one distributed ePDCCH candidate in each aggregation level. 

3. Conclusions

In this contribution we discussed the aggregation level of eCCE and its relationship to distributed and localized transmission. Focusing on USS and assuming eCCE size similar to that of CCE, our current views are as follows:
· Consider ePDCCH candidate of at least 1/2/4/8-eCCE aggregations, assuming eCCE size is comparable to that of CCE.
· All aggregation levels should be applicable for both localized and distributed ePDCCH.

· The set of aggregation levels to be monitored can be UE-specifically configured by higher-layer.

· The number of ePDCCH candidates monitored with localized/distributed transmission can be configurable by higher-layer for each aggregation level. 

· If a UE monitors both localized and distributed ePDCCHs in one subframe, consider reserving at least one distributed ePDCCH candidate in each aggregation level. 
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