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1 Introduction
At the RAN1#66bis meeting, the following working assumptions were adopted for studying an ePDCCH channel:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In order to find a design that meets these assumptions, it is generally assumed that the ePDCCH is multiplexed in the frequency domain with PDSCH. This makes the ePDCCH design significantly different than the PDCCH design. One of the issues associated with the ePDCCH is how the UE can find the ePDCCH, and how an ePDCCH is structured. To some extent, this is similar to the concept of search space for PDCCH, with the ePDCCH search space being located within the data region. In this contribution, we share our views on ePDCCH search space design.
2 ePDCCH Search Space
For Rel-8/9/10, the PDCCH has the following characteristics:

· The minimal PDCCH control channel unit is the Control Channel Element (CCE).
· The UE blindly searches for the PDCCH in a search space.
· Both a common search space and UE specific search space are defined.  
· Within the PDCCH search space, four aggregation levels 1, 2, 4, and 8 are defined, and determine the candidate set.
For the ePDCCH, the first question to be addressed is whether a concept of search space is needed. In our view, it is beneficial to retain the search space structure so that the dedicated control channel philosophy adopted for earlier releases of LTE is preserved. In what follows, we will define the ePDCCH search space as a set of RBs where the ePDCCH can possibly be located.
To simplify the design of ePDCCH search space, reusing the same methodology as in Rel-8/9/10 is recommended as much as possible. For example, defining a CCE-like concept, the eCCE, is beneficial since it enables adaptive coding for ePDCCH. The eCCE is defined in a companion contribution [5], and consists of e.g.,  ¼ of a PRB pair. An example of eCCE mapping is given in Figure 1.
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Figure 1. Channel multiplexing with one PRB pair (before mapping overheads)
 Also, to keep the dedicated control channel structure with minimal complexity and overhead, it is desirable to have a non-deterministic ePDCCH location, and to determine the exact ePDCCH location within a larger set of resources. In order to minimize the changes from Rel-10, we additionally propose to keep the four aggregation levels for the ePDCCH: 1, 2, 4, and 8.

· The exact ePDCCH is not known by the UE. The basic ePDCCH unit is an eCCE.
· An ePDCCH candidate occupies 1, 2, 4, or 8 eCCEs.
Next, we give more details about the ePDCCH search space, mostly on the following three topics:
· The need for common search space for ePDCCH

· The ePDCCH search space addressing
· The search space resource allocation for ePDCCH
2.1 Common search space for ePDCCH

A fraction of the PDCCH search space (16 CCEs) is configured as a common search space for several functions, such as locating the PDSCH for paging requests. For an ePDCCH, the requirements for having a common search space are still present. However, when the PDCCH common search space is present, it has to be further studied if an ePDCCH common search space needs to be defined. When there is no PDCCH search space, e.g. possibly for a new additional carrier, it seems necessary to have an ePDCCH search space for some scenarios to avoid relying on cross-carrier scheduling. Also, it might be beneficial to have more capacity on the common search space for some dynamic signalling, especially if multi-rank transmission and/or adaptive modulation is used on the ePDCCH. Consequently, we propose the following:

· At least for some scenarios, there is an ePDCCH common search space. 
2.2 Search space addressing
A search space implies that a UE does not receive signaling indicating the exact ePDCCH location. Consequently, one of the issues to solve is to locate the ePDCCH within the search space. It might be too complex to have a Rel-11 UE monitoring both PDDCH and ePDCCH. As a consequence, in order to keep complexity reasonable both semi-static configuration (RRC signalling) and dynamic configuration of the search space can be used. 
Using semi-static signalling, a higher-layer message informs the UE whether to monitor ePDCCH or PDCCH. The UE then configures certain subframes for ePDCCH or PDCCH monitoring but cannot modify the configuration without additional higher-layer message(s). Dynamic signalling enables more flexibility: in particular, since the PDCCH needs to be present for legacy UEs, the resources allocated for the PDCCH may not be fully occupied in many instances. In such a case, a DCI for a Rel-11 UE can be sent on the PDCCH to maximize resource efficiency. However, for subframes when there is no space left on the PDCCH, no PDCCH at all, or simply because it is more spectrally efficient to use the ePDCCH, a Rel-11 UE should use the ePDCCH. Consequently, the possibility of dynamic switching between PDCCH and ePDCCH should be investigated.

There are cases where it might not be possible to switch dynamically. This may happen when the ePDCCH is configured to start on symbol #0 only, such as on a new carrier type that has no PDCCH. In such a case, the UE must monitor the ePDCCH only. However, for cases when it is possible to switch, there might be performance advantage, e.g., when moving from diverse transmission (on the PDCCH) to selective transmission (on the ePDCCH), or to do load balancing between the ePDCCH and PDCCH,
When both the ePDCCH and PDCCH are present, a dynamic configuration can be used. The frequency location for the ePDCCH is indicated by a new DCI format transmitted in the PDCCH region. The UE first performs blind detection in the PDCCH region to find the new format and then determines whether there is ePDCCH in the data region according to the status of that new format. Hence the detection of ePDCCH really relies on detecting the new format in the PDCCH region. This design is hierarchical, and is illustrated in Figure 2. 
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Figure 2: Illustration of dynamic resource allocation.
The new DCI format can be UE-specific or shared by a number of UEs. For many cases, in order to limit the overhead, it is beneficial to have the DCI sent to a group of UEs: for instance, UEs clustered at a particular location are likely to experience a similar interference environment, and therefore could use the same search space. Also, for scenario 4, the UEs allocated to the same RRH(s) could be assigned the same search space. Moreover, UEs with similar CQI/PMI feedback may also be assigned the same search space. This new DCI could either be transmitted in the UE-specific PDCCH search space, or in a common search space. Using a common search space seems more appropriate if UEs are grouped together. The capacity of the existing PDCCH common search space may not be enough, though, and this solution may require an ePDCCH common search space. However, dynamic configuration of search space for a UE may also be based on the feedback information from the UE. For example, the eNB may only allocate the ePDCCH within the resources indicated in the feedback information of the UE.
Alternatively, a semi-static configuration can be used with RRC signalling. Such signalling may either include an indication to monitor only ePDCCH or only PDCCH, or could signal on which subframes to monitor the PDCCH or ePDCCH, or monitor which search space (common or UE specific) on which control channel (PDCCH or ePDCCH). 
One of the issues associated with semi-static configuration is that the higher-layer information is sent to the UE by PDSCH. To do that, the eNB has to schedule the corresponding PDSCH PRB pairs, and inform the UE about it via some control channel. If the PDCCH is present, one possibility is to have the UE using the PDCCH first when entering the system, then possibly switching to ePDCCH monitoring. If the PDCCH is not present, the UE may first monitor pre-determined resources (a common ePDCCH search space, or UE-specific resources). Another solution is to use signature sequences on DMRS, as explained in [6].
In order to keep the system simple and to enable maximum flexibility to adapt to the deployment scenario, it can be useful to have the UE monitor part of the PDCCH search space, and part of the ePDCCH search space. Table 1 gives an example of the UE search space configuration. In Table 1, there is no repetitive search for common and UE-specific search space. 
Table 1. Configuration of Rel-11 UE search space.
	
	PDCCH
	ePDCCH

	
	Common search space
	UE-specific search space
	Common search space
	UE-specific search space

	Configuration 0
	√
	√
	×
	×

	Configuration 1
	√
	×
	×
	√

	Configuration 2
	×
	×
	√
	√


In summary, possible solutions for the ePDCCH search space addressing are as follow:

· A UE can be either semi-statically or dynamically configured to monitor the ePDCCH

· For dynamic configuration, one possibility is to have the UE first monitors the region of the PDCCH search space to determine if and where there is an ePDCCH search space to monitor, then proceeds to the ePDCCH search space monitoring, if appropriate
· Group signaling can be used to reduce overhead
· For semi-static configuration, the UE receives by RRC signaling where and when to monitor the PDCCH/ePDCCH
2.3 Resource allocation for ePDCCH search space
It appears unnecessary to have the search space occupying the whole bandwidth. Therefore, the search space could be a subset of the available RBs for transmission. Considering that both localized and distributed ePDCCH may be supported in Rel-11, frequency selective scheduling, beamforming and transmit diversity should be considered in the resource allocation for the ePDCCH search space. Noting the R-PDCCH design, PDSCH type 0/1/2 resource allocation is used for the resource allocation of R-PDCCH search space. Reusing the same resource allocation scheme, at least for semi-static configuration search space address, can also meet the ePDCCH resource allocation requirement. Therefore, we propose the following:

· PDSCH type 0/1/2 resource allocation is used for resource allocation of ePDCCH search space

3 Conclusion 
In this contribution, our views on ePDCCH search space design were presented. We first discussed the general structure of the ePDCCH, and proposed to use the notion of eCCE for the ePDCCH (similar to the notion of CCE for the PDCCH):
· The exact ePDCCH is not known by the UE. The basic ePDCCH unit is an eCCE.
· An ePDCCH candidate occupies 1, 2, 4, or 8 eCCEs.

We then discussed whether an ePDCCH common search space was useful, and from our analysis, it appears that:

· At least for some scenarios, there is an ePDCCH common search space  
The issue of how to address the ePDCCH search space and how to signal it to the UE was then discussed. Possible ways are summarized here:

· A UE can be either semi-statically or dynamically configured to monitor the ePDCCH

· For dynamic configuration, one possibility is to have the UE first monitors the region of the PDCCH search space to determine if and where there is an ePDCCH search space to monitor, then proceeds to the ePDCCH search space monitoring, if appropriate
· Group signaling can be used to reduce overhead
· For semi-static configuration, the UE receives by RRC signaling where and when to monitor the PDCCH/ePDCCH
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