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1. Introduction
This contribution discusses UE behaviors according to e-PDCCH search space design and configuration. The discussion is focused on the relationship between legacy PDCCH and e-PDCCH, and the corresponding UE behaviors are outlined.
2. Discussions
It is generally assumed that e-PDCCH is transmitted in the PDSCH region and demodulated with UE-specific RS differently from legacy PDCCH. Furthermore, it is widely considered that e-PDCCH is a UE-specifically configurable feature based on the network decision. So, from the network perspective, there are two different types of DL physical CCH and one natural question is whether or not a UE will monitor the two types simultaneously. We can think of two possibilities in this regard as follows:

Possibility 1: An e-PDCCH-configured UE reads both legacy PDCCH and e-PDCCH.

Possibility 2: An e-PDCCH-configured UE reads only e-PDCCH.

As will be outlined in the subsequent subsections, the behavior of an e-PDCCH-configured UE is heavily dependent of the choice between the two possibilities. 

2.1. When an e-PDCCH-configured UE reads both legacy PDCCH and e-PDCCH

In this case, the UE can be informed of information such as the system information, paging indication, and e-PDCCH search space configuration via legacy PDCCH. The main advantage of receiving legacy PDCCH is that when e-PDCCH UE is confronted with bad channel condition or RRC reconfiguration ambiguity situation (especially reconfiguration of e-PDCCH-related parameters), the UE can keep the communication by directly reading legacy PDCCH (e.g. fallback DCI format). 
As the UE reads two types of DL CCH simultaneously, it needs to be decided how to allocate the limited number of blind decoding to legacy PDCCH and e-PDCCH, respectively. One method is to allocate the common search space (CSS) to legacy PDCCH while allocating the UE-specific search space (USS) to e-PDCCH, which means that the UE decodes both legacy PDCCH and e-PDCCH in a given subframe. Another method is to make the fallback DCIs (e.g., DCI formats 0 and 1A) to be transmitted in PDCCH while the TM dependent DCIs to be transmitted in e-PDCCH. The third method is to adopt a TDM manner where the UE reads CSS and USS in legacy PDCCH in a set of subframes while it reads CSS and USS in e-PDCCH in the other set of subframes. By taking one of those three methods or a hybrid of them, it is possible to allow the UE to reads both legacy PDCCH and e-PDCCH while keeping the number of blind decoding.

One general issue raised in this approach is the additional UE decoding complexity caused by decoding the two DL CCH types that have quite different characteristics in terms of e.g., the used RS, the transmission scheme, etc. So, further investigation is needed to consider the feasibility of this approach, especially for the first two methods where the UE reads both legacy PDCCH and e-PDCCH in all the subframes. Another potential drawback is that it may not be proper for future proofness due to the UE behavior tied to legacy PDCCH.
2.2. When an e-PDCCH-configured UE reads only e-PDCCH

In this case, the UE receives all the necessary control signals in e-PDCCH, so the main advantage is that the UE implementation can be simplified by avoiding the simultaneous detection of legacy PDCCH and e-PDCCH. For example, the UE does not need to perform the channel estimation based on CRS with this approach (along with TM8 or 9 configurations). In addition, it has the benefit that it can fully exploit the advantage of e-PDCCH, for example, by applying the frequency domain ICIC not only to USS but also to CSS which is expected to be configured in PDSCH region in this case.
As CSS may be configured in PDSCH region, some design and configuration are needed for ePDCCH CSS in terms of resource configuration, transmission scheme, etc. Another issue raised in this approach is the need to define the fallback operation. If the network needs to reconfigure some parameters related to e-PDCCH transmissions (including configuration to make the UE read legacy PDCCH), the eNB and UE may not be synchronized in terms of the DL CCH transmission/reception when RRC reconfiguration ambiguity situation occurs or  when the channel characteristics changes abruptly. So, further investigation is needed on how to define the fallback operation to resolve such ambiguity.
3. Summary
We outlined in this contribution the UE behavior according to the e-PDCCH search space configuration. To be specific, two possibilities were considered depending on whether an e-PDCCH-configured UE reads both legacy PDCCH and e-PDCCH simultaneously or it reads only e-PDCCH. As it was observed that the overall UE behavior is heavily dependent of the choice between the two possibilities, it is recommended to decide the relationship between legacy PDCCH and e-PDCCH before looking into the details of the e-PDCCH search space design issues.[image: image1.png]
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