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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 this contribution, we provide a design for the ePDCCH. More specifically, we describe the search space structure for such a channel.
2 General ePDCCH structure
A general ePDCCH structure was described in [1] and [2]. For an FDM extension, a number of resource blocks (RBs) in the data region within one subframe is used for ePDCCH transmission, and the extension region is multiplexed with data channels in the frequency domain, such as shown in Figure 1. 
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Figure 1. Location of the ePDCCH in the data region.
Several main properties make the ePDCCH solution attractive: 

· The ePDCCH can provide flexible resources for PDCCH capacity improvement. The eNB has more freedom to allocate PDCCH resources which can increase the number of scheduled UEs and reduce PDCCH blocking probability.  
· The ePDCCH may occupy a subset of frequency resources, thereby providing opportunities for frequency-domain eICIC. This also provides the ability to mitigate inter-cell interference.
· The ePDCCH can coexist on the same carrier as legacy UEs. 
· It is possible to use DMRS on the ePDCCH. This provides the ability to perform beamforming, frequency-selective scheduling. It may also be possible to perform link adaptation, such as using 16-QAM in addition to QPSK, and may facilitate the use of MIMO for the ePDCCH transmission.
· The ePDCCH can be deployed on a MBSFN or normal subframe without any restrictions.

Such a design directly supports all the WA requirements, except the support for diversity. The support for diversity can be achieved in two ways: either by providing frequency-diversity or by providing transmit-diversity. Note that when including all possible RS overhead, transmit diversity may require significant standardization work due to the need to find neighbouring REs for performing transmit diversity, whereas frequency diversity can be provided in a straightforward manner. 
Since the ePDCCH is deployed in the frequency domain, it is beneficial to transmit the ePDCCH on resources compatible with the RB structure of the LTE subframe, since it simplifies ePDCCH multiplexing with PDSCHs and/or other ePDCCHs. If the ePDCCH is defined with resources that do not simply map with the RB structure (e.g., CCEs as defined for the PDCCH), the receiver will have to first determine which REs are occupied by the ePDCCH, and which are for the PDSCH, a process that adds unnecessary complexity. In such a case, frequency diversity can be provided in a simple manner by providing a resource allocation for the ePDCCH that occupies several RBs which are sufficiently spaced out in the frequency domain. Note that we do not mean here that an ePDCCH needs to fully occupy an RB -- ePDCCH can be multiplexed with another ePDCCH or a PDSCH, as described in [3].
Based on the previous analysis, we propose the following:
· The ePDCCH transmission uses a resource allocation that is compatible with the RB structure of the LTE subframe
· Multiplexing with another ePDCCH or PDSCH is possible

Note that the only requirement not addressed is the ability to operate the ePDCCH on a new carrier type. Given that the new carrier type has not been defined yet, it is difficult to address this requirement at this stage. However, without speculating on the CA decision on the new carrier type, the proposed ePDCCH structure appears to be generic enough to be deployed on a new carrier type. While no major change is anticipated, minor ePDCCH design details may need to be considered. As an example, for enhanced spatial reuse in a given cell for CoMP scenario 4 with multiple RRHs, it may be useful on a new carrier (or possibly in certain subframes) to have the ePDCCH starting on symbol #0. In such a case, a macro-cell could, for example, transmit the legacy PDCCH, and a pico-cell might transmit the ePDCCH when the PDCCH to ePDCCH interference is controlled, with mechanisms such as ABS. The ePDCCH should be able to start as soon as possible, i.e., on symbol #0. This case is illustrated in Figure 2.
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Figure 2: ePDCCH deployment when there is no PDCCH transmission (CoMP scenario 4).

Therefore we propose the following:

· The ePDCCH may start transmission on symbols 0..4
3 ePDCCH search space
Based on the design previously described, we can now give more details about the ePDCCH search space.

3.1 General structure of the search space

The first question that needs to be addressed is whether a 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 Section 2, we explained why having an ePDCCH transmission compatible with the RB structure of the LTE subframe was beneficial. Consequently, defining the ePDCCH search space in terms of RBs simplifies the system design, and enables easy PDSCH/ePDCCH multiplexing. Note that for the R-PDCCH, which has a structure quite similar to the proposed ePDCCH, the search space also consists of a set of RBs. Note also that even if an E-PDCCH may occupy less than one RB, the search space can still be defined as a set of RBs by rounding up the necessary number of resources needed to the next highest number of RBs.
A search space implies that a UE will have to perform blind decoding to locate its ePDCCH. While the exact number of blind decodings requires further study, it certainly should not be unduly large. For instance, for a 20MHz system, it appears unnecessary to have the search space occupying all 100 RBs. Therefore, the search space should be a subset of the available RBs for transmission. Given that one of the motivations to consider an ePDCCH is the ability to perform frequency-domain eICIC, and that the interference coordination requirements depend on the UE location, a search space for a given UE may need to be modified, depending on the location, and possibly other parameters. Consequently, at least a portion of the ePDCCH search space should be UE-specific.
A fraction of the PDCCH search space (16 CCEs) is configured as a common search space with several functions, such as transmitting paging requests. For an ePDCCH, the requirements for having a common search space are still present. However, since the PDCCH common search space may still be present, at least for some scenarios, it has to be further studied if a new, ePDCCH common search space needs to be standardized, and for which scenarios. Consequently, we propose the following:

· For ePDCCH, the search space consists of a set of RBs

· At least a portion of the search space should be UE-specific

· Whether having an ePDCCH common search space is FFS

3.2 Search space addressing
In [2], we discussed whether the resource allocation and signalling for ePDCCH should be semi-static or dynamic. With semi-static signalling a higher-layer message informs the UE whether to monitor ePDCCH or PDCCH, and the subframes are a priori configured for ePDCCH or PDCCH monitoring, without possibility of modifying the configuration without additional higher-layer message. Dynamic signalling enables more flexibility: in particular, since the PDCCH needs to be present for legacy UEs, it can happen that the resources allocated for the PDCCH are not fully occupied. In such a case, it makes sense to have a DCI for a rel-11 UE sent on the PDCCH to maximize resource efficiency. On the other hand, for subframes where 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, dynamic switching between PDCCH and ePDCCH should be supported whenever possible.
There are cases where it might not be possible to dynamically switch. This happens for instance 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, there is no choice but to have the UE monitoring the ePDCCH only. However, note that this might limit the applicability of some frequency-based techniques, such as beamforming or frequency-selective scheduling, especially if the UE is moving relatively fast.
3.2.1 Dynamic Configuration
This solution is applied when both the ePDCCH and PDCCH are present. The frequency location for the ePDCCH is indicated by a new DCI format transmitted in the PDCCH region. The UEs first performs blind detection in the PDCCH region to find the new DCI format and then determines whether there is ePDCCH in the data region according to the status of the new DCI format detection. Hence the detection of ePDCCH really relies on detecting the new DCI format in the PDCCH region. This design is hierarchical, and is illustrated in Figure 3. 
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Figure 3: 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. Note also that using a common search space (either ePDCCH or PDCCH search space) may help to keep the number of blind decoding for a rel-11 UE low. 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.
3.2.2 Semi-static configuration
For semi-static configuration, the solution that appears the most attractive is to use 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, in addition to signalling the search space for ePDCCH. Assuming more blind detection attempt times are acceptable for a UE, the signalling may indicate the UE to monitor both ePDCCH and PDCCH. Then at the eNodeB side, the eNodeB may dynamically switch between ePDCCH and PDCCH for control channel allocation of the UE.
In summary, our proposal for the ePDCCH search space addressing is as follows:
· A UE can be either semi-statically or dynamically configured to monitor the ePDCCH

· For dynamic configuration, 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 static configuration, the UE receives by RRC signaling where and when to monitor the PDCCH/ePDCCH
4 Conclusion 
Solutions for the ePDCCH design were presented. A high-level description of the ePDCCH search space was given. Our proposals are summarized below:

· The ePDCCH transmission uses a resource allocation that is compatible with the RB structure of the LTE subframe
· Multiplexing with another ePDCCH or PDSCH is possible

· The ePDCCH may start transmission on symbols 0..4

And:

· For ePDCCH, the search space consists of a set of RBs

· At least a portion of the search space should be UE-specific

· Whether having an ePDCCH common search space is FFS

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

· For dynamic configuration, 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 static configuration, the UE receives by RRC signaling where and when to monitor the PDCCH/ePDCCH
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