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1. Introduction

In this contribution we discuss the aggregation levels of ePDCCH and the relationship to localized and distributed transmission. 
2. Discussion
2.1. General Principle
Legacy PDCCH is based on the aggregation of CCEs where each CCE comprises of 36 REs. For each DCI format, the UE-specific search space (USS) consists of PDCCH candidates of 1/2/4/8 CCE aggregation monitored by 6/6/2/2 blind decoding. The common search space (CSS) consists of PDCCH candidates of 4/8 CCE aggregation monitored by 4/2 blind decoding. 
The mechanism of CCE aggregation enables PDCCH link adaptation to suit to the dynamically changing radio link condition. It is natural for this well proven mechanism to be adopted for ePDCCH. The eCCE size and structure is currently under discussion. Assuming eCCE size is approximately similar to CCE (e.g. 36 RE), some high-level design principles could be considered for ePDCCH.
The number of eCCE aggregation levels determines the link adaptation flexibility. At least for eUSS, a total of 4 aggregation levels seem to be a good starting point to ensure flexible ePDCCH link adaptation while not overly complicate the search space structure. Regarding the eCCE aggregation levels, {1, 2, 4, 8} is a reasonable baseline to allow for maximum re-use of the legacy encoding/decoding process, assuming the eCCE size is similar to that of CCE. This should be applicable for both localized and distributed transmissions. 
2.2. Relationship to Localized/Distributed Transmission
It has been agreed that both localized and distributed transmissions are supported for ePDCCH. 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 either localized or distributed transmission in a subframe

In this case the aggregation level and search space design is rather straightforward by re-using the PDCCH solution. For instance, a UE should monitor 6/6/2/2/ ePDCCH candidates of 1/2/4/8 eCCE aggregation. A new hashing function is needed to determine the search space for each aggregation level, once the eCCE structure is finalized. 

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

Localized transmission is usually used to harness the gains arising from frequency-selectivity, while distributed transmission aims to achieve frequency diversity by scattering one ePDCCH in different frequency resources. If localized and distributed ePDCCH are to be monitored in the same subframe, 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 of different aggregation levels can be monitored with different transmission schemes. For instance, low aggregation level (e.g. 1/2/4-eCCE) is monitored with localized transmission and high aggregation level (e.g. 8-eCCE) is monitored with distributed transmission. This proposal arises from the understanding that a high aggregation level provides high coding gain and is suitable for UE with poor radio condition (e.g. cell-edge). For such UE, restricting 8-eCCE aggregation to distributed transmission will guarantee maximum diversity, although the efficiency of such a restriction should be further verified.
If this mechanism is adopted it remains open which aggregation level should be reserved for distributed transmission. Always reserving 8-eCCE aggregation for distributed transmission is quite simple and straightforward. Alternatively, it can be left to the network to configure a subset of aggregation levels to be observed for distributed transmission, if some link adaptation flexibility is desirable. 
One issue of determining the ePDCCH transmission dependent on the aggregation level is that, in the event of an RRC-reconfiguration, the network is forced to use the highest aggregation level (e.g. 8-CCE) to exploit diversity gain. This may not be efficient from the control capacity perspective. To address this problem, some ePDCCH candidates of low aggregation level may be reserved for distributed transmission, so fallback can be well protected by distributed transmission while allowing sufficient link adaptation flexibility. 
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:
· Each UE monitors ePDCCH candidates of 4 aggregation levels, as a starting point. 

· Each UE monitors ePDCCH candidate of {1, 2, 4, 8} eCCE aggregation, as a baseline.
· If localized and distributed ePDCCH are to be monitored in the same subframe by a UE, consider reserving a set of aggregation levels and ePDCCH candidates for distributed transmission.
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