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1. Introduction
From a single UE perspective, two search spaces – common search space (CSS) and UE-specific search space (USS) – are defined in the legacy PDCCH region. It is expected to define at least E-PDCCH-based USS when a UE is configured to read E-PDCCH, it is needed to decide whether CSS is also defined in the E-PDCCH region. Throughout this contribution, CSS is defined the set of candidate positions where DCIs masked with SI-, P-, and/or TPC-RNTI are transmitted.

This contribution provides some discussions about configuring CSS in the E-PDCCH region and some related proposals.
2. Introduction

2.1. Relation between legacy PDCCH and E-PDCCH 
The first topic to be discussed regarding CSS for E-PDCCH-configured UEs is whether or not to define CSS in the E-PDCCH region. It is our understanding that an E-PDCCH-configured UE monitors its USS in the E-PDCCH region at least in some subframes. Also, legacy PDCCH includes CSS which is common to all the UEs within a cell, and it is a possible design for an E-PDCCH-configured UE reads CSS in the legacy PDCCH region. So, in order to conclude CSS definition in the E-PDCCH region, it is necessary to determine the relation between legacy PDCCH and E-PDCCH, i.e., an E-PDCCH-configured UE monitors which DL CCH region in which subframes. Focusing on the single carrier case where both CSS and USS are configured in the same component carrier, we can consider the following four alternatives:
Alt 1: An E-PDCCH-configured UE monitors only E-PDCCH in all the subframes.

Alt 2: An E-PDCCH-configured UE monitors both legacy PDCCH and E-PDCCH in all the subframes. 
Alt 3: An E-PDCCH-configured UE monitors only one DL CCH type in a subframe.
Alt 4: An E-PDCCH-configured UE monitors both types in a subframe and only E-PDCCH in another subframe.
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Figure 1. Illustration of four alternatives regarding UE monitoring over legacy PDCCH and E-PDCCH.
Alt 1 is the simplest from the UE implementation perspective in the sense that the UE only monitors E-PDCCH once E-PDCCH is configured as its DL CCH type. However, as discussed in [1], this alternative requires additional work regarding the fallback operation. To be specific, if the network needs to reconfigure some parameters related to e-PDCCH transmissions (including configure the UE to read legacy PDCCH again), 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. CSS needs to be defined in the E-PDCCH region if this alternative is selected.
Alt 2 means that a UE should monitor both legacy PDCCH and E-PDCCH in every subframe. As a result, the above-mentioned fallback operation is possible in every subframe. An issue in this alternative is how to assign the limited number of blind decoding to the two DL CCH types and one possible way is to place CSS in the legacy PDCCH region while USS is located in the E-PDCCH region. A drawback of this approach is that DCIs transmitted in CSS never have a chance to take advantage of the properties of E-PDCCH such as frequency domain ICIC. Also, careful study is needed on the UE implementation complexity because an E-PDCCH-capable UE should be able to read both DL CCH types in a single subframe. As legacy PDCCH and E-PDCCH differs from each other in terms of the channel estimation (wideband estimation based on CRS vs. per-RB estimation based on UE-specific RS), the processing timeline (legacy PDCCH allows more time to decode), and so on, decoding both types in parallel may lead to additional UE implementation complexity. 
Alt 3 is a kind of time-domain multiplexing the legacy PDCCH subframes and the E-PDCCH subframes. The UE monitors only legacy PDCCH in a set of subframes (SF #m in Figure 1) and only E-PDCCH in another set of subframes (SF #n in Figure 1). This alternative is more robust against the RRC reconfiguration ambiguity situation and fast channel variation than Alt 1 because the subframes selected as the legacy PDCCH subframes can be used as the fallback subframes. Also, this alternative is beneficial in terms of UE implementation simplicity when compared to Alt 2 because a UE does not need to implement the capability of monitoring both DL CCH types within a single subframe. A drawback of this approach is that E-PDCCH can be used only in a subset of subframes which could be a scheduling restriction.
Alt 4 can be regarded as a more generalized method in the sense that the UE monitors legacy PDCCH only in some selected subframes as in Alt 3 but still reads E-PDCCH in those selected subframes for, e.g., USS monitoring as in Alt 2. Thus, it is possible to configure CSS in the E-PDCCH region, and at the same time, no restriction is imposed on using E-PDCCH. This alternative also shares the same UE complexity issue with Alt 2 because an E-PDCCH-capable UE should be able to monitor both DL CCH types in a single subframe.
Table 1 summarizes the above discussions on the four alternatives.
Table 1. Comparison of the four alternatives on the relation between legacy PDCCH and E-PDCCH.
	Alternative
	Pros
	Cons

	Alt 1
	UE implementation simplicity
	Additional work for the fallback operation

	Alt 2
	Fallback operation in any subframe
	Potential UE complexity issue, no chance to use E-PDCCH for some DCIs (depending on the detailed SS design)

	Alt 3
	UE implementation simplicity, supporting fallback operation in selected subframes
	Limited E-PDCCH operation opportunity

	Alt 4
	No restriction on E-PDCCH usage, supporting fallback operation in selected subframes
	Potential UE complexity issue


In our opinion, the system should be able to provide a smooth change between the two DL CCH types, which means that the fallback operation to legacy PDCCH should be supported even when a UE is configured to read E-PDCCH. In addition, it is also important to exploit the properties of E-PDCCH for CCS and, as will be detailed in next subsection, configuring CSS in the E-PDCCH region is beneficial in accommodating enhanced PHICH, which can inherit the structure of PHICH. With this understanding, it seems desirable to choose Alt 3 as it can support the fallback operation and E-PDCCH-based CSS without a UE implementation complexity issue. If there is no serious UE complexity issue in monitoring both legacy PDCCH and E-PDCCH in a single subframe, Alt 4 can be considered to provide more opportunity to use E-PDCCH. The proposals can be summarized as follows:
Proposal 1: An E-PDCCH-configured UE monitors legacy PDCCH in some selected subframes.

Proposal 2: Common search space is configured in the E-PDCCH region as well as in the PDCCH region.
Proposal 3: Baseline is that UE monitors either legacy PDCCH or E-PDCCH in a single subframe. It can be considered to read both legacy PDCCH and E-PDCCH in some selected subframes depending on the impact on the UE implementation complexity.
2.2. Configuring common search space in the E-PDCCH region
If both CSS and USS are defined in the E-PDCCH region, it seems desirable to separate the two SS in the frequency domain, i.e., CSS is configured in a set of RBs separated from the RBs used for USS configuration. This is because the targeting properties are quite different in the two SS. For example, transmit diversity would be very important for CSS which targets a number of UEs, but beamforming and frequency selectivity would be the main goal for USS especially when CSI is available at the eNB. As REG-level interleaving, which is used for legacy PDCCH, shows good performance from the transmit diversity perspective [2], we propose to adopt the REG-level interleaving for E-PDCCH-based CSS and have further study on its detailed design. Once such REG-level interleaving structure is introduced, E-PDCCH-based USS may or may not adopt REG-level interleaving by the eNB configuration depending on the CSI availability.
One additional benefit of introducing REG-level interleaving in the E-PDCCH region is that it becomes much easy to accommodate enhanced PHICH if ePHICH is introduced and reuses the design of legacy PHICH which is based on REG-level interleaving. As ePHICH usually consumes a small amount of REs, configuring a few RBs (well-separated for the frequency diversity) only for the dedicated use of ePHICH would lead to resource wastage [3]. This resource wastage can be avoided if ePHICH is multiplexed with some E-PDCCH (e.g., E-PDCCH transmitted in CSS) and shares a common set of RBs.
Proposal 4: CSS in the E-PDCCH region is configured in a set of RBs separated from the set used for USS. REG-level interleaving is applied to E-PDCCH-based CSS.
3. Conclusion
We discussed in this contribution the configuration of CSS in the E-PDCCH region and the relation between legacy PDCCH and E-PDCCH. The following was proposed from the discussion:
Proposal 1: An E-PDCCH-configured UE monitors legacy PDCCH in some selected subframes.

Proposal 2: Common search space is configured in the E-PDCCH region as well as in the PDCCH region.
Proposal 3: Baseline is that UE monitors either legacy PDCCH or E-PDCCH in a subframe. It can be considered to read both legacy PDCCH and E-PDCCH in some selected subframes depending on the impact on the UE implementation complexity.
Proposal 4: CSS in the E-PDCCH region is configured in a set of RBs separated from the set used for USS. REG-level interleaving is applied to E-PDCCH-based CSS.
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� DCI masked with RA-RATI is not considered here under the assumption that E-PDCCH-based RACH procedure is not defined in Rel-11 E-PDCCH WI.
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