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1 Introduction 
In RAN1#68 there was initial discussion of the search space design for ePDCCH, which is mainly focused on the necessity of the common search space (CSS). No consensus was reached in the end, and the discussion has continued by email. In addition to the CSS, a lot of contributions discussed other aspects of the search space design [1-12]. In this contribution we discuss further the search space design of the ePDCCH and provide our views which may help to facilitate progress overall. 

2 Discussions
Common search space
Frequency domain ICIC is one of the important targets of designing ePDCCH. Therefore, it is desirable to introduce a separate CSS in ePDCCH that allows frequency ICIC to ensure the robust and steady reception of the common information (system information, paging, etc). To take full advantage of the frequency domain ICIC, the CSS in ePDCCH should be allowed to operate without any dependency on the legacy PDCCH, because no frequency ICIC can be applied on legacy PDCCH. This means that it should allow the UEs to monitor ePDCCH only without monitoring legacy PDCCH at all. The support of the stand-alone operation of ePDCCH (without legacy PDCCH) is also more future-proof because it would allow the complete removal of legacy PDCCH in the future when Rel-8/9/10 UEs are phased out.
Proposal 1: CSS is supported by ePDCCH. 
On the other hand, it should be noticed that the ePDCCH may coexist with the legacy PDCCH, especially when there are Rel-8/9/10 UEs in the system. It may or may not be necessary to configure CSS in both ePDCCH and legacy ePDCCH. For example, it would be possible to deconfigure the CCS in ePDCCH if all UEs have the capability of detecting the CSS in legacy PDCCH, to avoid the duplication. Therefore it is proposed that the eNB can configure whether the CSS in ePDCCH is present or not.

When CSS is configured in both ePDCCH and legacy PDCCH, it is still desirable for each UE to monitor either ePDCCH or legacy PDCCH for CSS, but not both, in order to reduce the number of blind decodings. The UEs would need to know which control channel (PDCCH or ePDCCH) is to be monitored for the CSS. This needs to be signaled to the UEs.
Proposal 2: It is configurable whether ePDCCH carries CSS. It should be signaled to the UE which control channel to monitor for the CSS.
It is important that the UE can monitor the common search spaces in the idle state for SIBs and paging messages, and during the initial access for random access response. The UE needs to be able to identify the frequency location(s) of the CSS on ePDCCH prior to initial access. 
Proposal 3: The frequency location(s) of the CSS in ePDCCH need to be acquired by UEs prior to initial access.
During the email discussion on the RAN1 reflector regarding the CSS, the existence of the ePHICH and ePCFICH in CSS has also been discussed. It is necessary to introduce ePHICH in the data region with the objective of frequency-domain ICIC and the ACK/NACK collision avoidance for UL semi-persistent scheduling in CoMP Scenario 4. Further discussion of ePHICH design is given in our companion contribution [13]. Restricting ePHICH to be in only the CSS region would prevent the ePHICH from enjoying some similar benefits as ePDCCH such as enhanced capacity and coverage. Therefore, it is not recommended to restrict the ePHICH to the CSS only. The major motivation of introducing ePCFICH would be to dynamically allocate resources for ePDCCH distributed transmission. It has been argued in [14] that the resource wastage would not be a big deal if higher layer signalling is used to allocate the ePDCCH resources, bearing in mind that the number of resources for distributed transmission is the sum of the resources allocated for all the individual UEs, which therefore may not change very dynamically; on the other hand, further study of the potential pros and cons is needed before reaching a decision.
Proposal 4: Support ePHICH located in the legacy PDSCH, but not restricted to the CSS region of the ePDCCH.
Observation: The need for ePCFICH is not yet clear;  further investigation is needed.. 
UE-specific search space
Different from the common DCI messages, duplicated transmission of the UE-specific DCI in both types of control channel (i.e., legacy PDCCH and ePDCCH) should never be needed. Which control channel is to be monitored by a UE could be semi-statically configured so as to reduce blind decoding efforts, or the USS could be split between the PDCCH and ePDCCH to allow for dynamic switching between these two channels. However, before the eNB has any chance to use explicit signaling to configure the USS for the UE,  there needs to be a default search space configuration. The default USS could completely fall into legacy PDCCH or ePDCCH, or be split between them. One example is that the default USS is the same as the USS in Rel-8/9/10 in legacy PDCCH. However, if this is given as the only option, it would prevent frequency ICIC and the stand-alone operation of ePDCCH. Therefore, other options (e.g. default USS in ePDCCH) should also be provided. Some broadcast information may be needed for the UE to derive the default USS.
Proposal 5: A default USS, which is monitored by a UE prior to the UE receiving any explicit configuration signalling, needs to be defined.

It has been agreed that both distributed transmission and localized transmission of the ePDCCH should be supported. If the default USS is located on the ePDCCH, it needs to be decided which kind of transmission would be used. The transmission mode may be different depending on the availability of the CSI information before any explicit configuration is done. FDD and TDD may differ from each other, considering that channel reciprocity may be able to be used in the case of TDD.

Proposal 6: Both distributed transmission and localized transmission of the default USS could be considered.

A similar design to the UE-specific search space (USS) of the legacy PDCCH could be reused for ePDCCH distributed transmission. The possible definition of eCCE is discussed in our companion contribution [15]. The distributed transmission can ensure the robustness of ePDCCH especially when the CSI feedback becomes unreliable or unavailable, for example due to high mobility of the UEs. In contrast to the distributed transmission, localized transmission aims to achieve the frequency selective gain based on the availability of accurate CSI feedback. 
The USS localized transmission should be able to provide sufficient options for selecting the radio resources that potentially have superior frequency domain conditions, so as to maximize the desirable frequency selective gains. The flexibility of ePDCCH resource allocation for localized transmission should meanwhile be maintained. We propose to spread the ePDCCH candidates at each aggregation level across the radio resource sparsely so that maximum gain can be exploited from frequency selective scheduling over the frequency domain. The radio resources allocated for ePDCCH transmission could be with a granularity of subbands, RBGs or PRB pairs depending on the allocation type utilized. 
Proposal 7: The ePDCCH USS candidates for localized transmission should be able to be spaced widely across the frequency domain.
3 Conclusions

Both of the common search space and UE-specific search space are discussed in this contribution.  The following proposals are made:
Proposal 1: CSS is supported by ePDCCH. 
Proposal 2: It is configurable whether ePDCCH carries CSS. It should be signaled to the UE which control channel to monitor for the CSS.
Proposal 3: The frequency location(s) of the CSS in ePDCCH should be acquired by UEs prior to initial access.
Proposal 4: Support ePHICH located in the legacy PDSCH, but not restricted to theCSS region of the ePDCCH.
Proposal 5: A default USS, which is monitored by a UE prior to the UE receiving any explicit (re-)configuration signalling, should be defined.

Proposal 6: Both distributed transmission and localized transmission of the default USS could be considered.

Proposal 7:  The ePDCCH USS candidates for localized transmission should be able to be spaced widely across the frequency domain.
In addition we make the following observation:

Observation: The need for ePCFICH is not yet clear;  further investigation is needed..
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