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1. Introduction

In RAN1 #69 meeting, the E-PDCCH design aspects were discussed with following agreement [1]:
Agreement:

Distributed transmission should be supported also for aggregation level 1.
Way forward until RAN1#70:

· Aim to include the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts. 

· FFS from UE perspective whether a UE can be configured to monitor both localised and distributed candidates in the same PRB pair. 

In this contribution, we share our views on UE-specific search space design for E-PDCCH, which can support multiplexing of localized and distributed E-PDCCHs within one PRB pair without unacceptable adverse impacts. 
2. Aggregation levels in E-PDCCH
In Rel-8/9/10, an UE needs to monitor legacy PDCCH with four aggregation levels; that is aggregation of CCE/s 1, 2, 4 or 8   and a CCE has a fixed size of 36 REs. 
For E-PDCCH, the concept of aggregation level can also be reused on E-CCE basis. The E-CCE size is selected closer to the CCE size with the consideration that a PRB pair can be divided into integer number of E-CCEs. This means that the E-CCE has the similar resource granularity as CCE for E-PDCCH link adaption. Therefore, the set of aggregation levels for legacy PDCCH can be reused in E-PDCCH.
Proposal 1: E-PDCCH shall only support aggregation levels 1, 2, 4 and 8.

In general, localized E-PDCCH improves resource efficiency, frequency selective scheduling and beamforming can be used to further exploit the resource efficiency in case reliable CSI is known at the eNB, for example in high SNR region. Distributed transmission is to guarantee the reliability of E-PDCCH and coverage requirements, frequency diversity is used to improve the robustness in case less accurate CSI is available at the eNB, for example in low SNR region. 
In [3], the simulation results show that localized E-PDCCH transmission with frequency selective scheduling gain has better link performance than distributed E-PDCCH transmission for lower aggregation levels (aggregation level 1 and 2), while distributed E-PDCCH transmission is more attractive for higher aggregation levels (aggregation level 4 and 8). Furthermore, the localized transmission in lower aggregation level can reduce the resource fragment in E-PDCCH region, which can potentially improve the resource efficiency.  In order to obtain the frequency selective scheduling gain, a localized E-PDCCH candidate is better to locate within one PRB pair,  and one PRB pair can be divided into 2 or 4 E-CCEs in normal subframe depending on the presence of other signals[1].  Therefore, we propose that only aggregation level 1 and 2 shall be supported in localized transmission. 

Proposal2: Only aggregation levels 1 and 2 shall be supported in localized transmission.
In previous RAN1 meeting, some arguments were made that the localized E-PDCCH doesn’t perform well for the UEs without sub-band CSI feedback, while distributed E-PDCCH is more attractive in this case. With the consideration of this issue, E-PDCCH can be configured with following two modes:

· Mode 1: UE monitor localized and distributed E-PDCCH candidates within one subframe. It is mainly used for the UEs configured with sub-band CSI feedback mode.

· Aggregation levels 1 and 2 are monitored in localized transmission
· Aggregation levels 4 and 8 are monitored in distributed transmission, where distributed transmission has better link performance than localized transmission.
· Mode 2: UE only monitor distributed E-PDCCH candidates within one subframe. It is mainly used for the UEs not configured with sub-band CSI feedback mode.

· Aggregation levels 1, 2, 4 and 8 are monitored in distributed transmission.

Proposal 3: A UE can be configured to monitor both localize and distributed E-PDCCH candidates within one subframe or  only monitor distributed E-PDCCH candidates within one subframe. 
3. E-PDCCH search space design
In Rel-8/9/10, due to the limitation of UE blind decoding complexity, an UE cannot search all the CCEs in PDCCH region, thus hash function was used in legacy PDCCH to avoid the resource collision, which makes different UEs have different search space. However, avoiding PDCCH collision would cause the lower resource efficiency in PDCCH region. 

In E-PDCCH design, the motivations are to improve the control channel capacity and resource efficiency and E-PDCCH resource is configured in UE-specific manner. It is more efficient to configure a set of suitable E-PDCCH clusters for an UE, which are consistent with UE blind decoding complexity. With the suitable E-PDCCH clusters, hash function is not necessary for E-PDCCH search space. 

Proposal 4: The size of configured E-PDCCH resource for an UE shall be consistent with UE blind decoding complexity.
Proposal 5: Hash function shall not be used in E-PDCCH search space, and both localized and distributed E-PDCCH search space shall start at index 0.
In order to obtain beamforming and/or frequency diversity gain in E-PDCCH transmission, an UE can be configured with four frequency non-contiguous E-PDCCH clusters which are scattered in the system bandwidth. This set of E-PDCCH clusters are used for both localized and distributed transmission. Each E-PDCCH cluster contains 4 E-CCEs and each E-CCE can be further split into 4 E-REGs. Figure 1 shows the definition of localized E-CCE, distributed E-CCE and E-REG, the minimum resource granularity is E-REG, and a localized E-CCE is located within an E-PDCCH cluster, while a distributed E-CCE is scattered in the four E-PDCCH clusters.
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Figure 1: localized E-CCE, distributed E-CCE and E-REG definitions
A localized E-PDCCH is transmitted within an E-PDCCH cluster, therefore the localized E-PDCCH search space can be defined in E-PDCCH cluster basis and the numbering of localized E-CCE can be also defined in E-PDCCH cluster basis, that is,  the localized E-CCE number starts at index 0 in each E-PDCCH cluster. The  E-PDCCH candidates for each aggregation levels are assigned to each E-PDCCH clusters uniformly. 
A distributed E-CCE is scattered into the four E-PDCCH clusters, therefore the distributed E-PDCCH search space is defined in all four E-PDCCH clusters and the numbering of distributed E-CCE need also be defined in four E-PDCCH clusters. 
In order to avoid the resource collision between localized and distributed transmissions, an UE starts searching distributed E-PDCCH candidates on the E-REGs which belong to the last localized E-CCE in localized E-PDCCH. The numbering order of localized E-CCE and distributed E-CCE is shown in figure 2. For localized E-PDCCH search space, it starts at localized E-CCE 0 in each E-PDCCH cluster. For distributed E-PDCCH search space, it starts at distributed E-CCE 0 which is overlapped with localized E-CCE 3. 
Proposal 6: An UE starts searching distributed E-PDCCH candidates on the E-REGs which belong to the last localized E-CCE in the localized E-PDCCH. 
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Figure 2: localized E-CCE and distributed E-CCE numbering
For localized E-PDCCH, the search space 
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 is defined in E-PDCCH cluster basis. For each E-PDCCH cluster, the localized E-CCEs corresponding to localized E-PDCCH candidate m of the search space 
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Where, 
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is the number of localized E-CCEs in E-PDCCH cluster n in subframe k, and 
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 is the number of localized E-PDCCH candidates to monitor at E-PDCCH cluster n with aggregation level L.
For distributed E-PDCCH, the search space 
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 is defined in all E-PDCCH clusters. The distributed E-CCEs corresponding to the distributed E-PDCCH candidate m of the search space 
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Where, 
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is the number of distributed E-CCEs in all E-PDCCH clusters in subframe k, and 
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 is the number of distributed E-PDCCH candidates to monitor in the given search space.
4. E-PDCCH candidates assignment
With the consideration of UE blind decoding complexity, we recommend that the E-PDCCH candidates for aggregation levels 
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, which has the same blind decoding number as legacy PDCCH.
In case a UE is configured to monitor both localized and distributed E-PDCCH candidates (mode 1 in section 2), the E-PDCCH candidates assignment between localized and distributed E-PDCCH is as follows:

· Localized E-PDCCH candidates are assigned to aggregation levels  
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· And distributed E-PDCCH candidates are assigned to aggregation levels 
[image: image23.wmf]{

}

4,8

 with 
[image: image24.wmf]{

}

2,2

.

In case a UE is configured to monitor only distributed E-PDCCH candidates (mode 2 in section 2), the E-PDCCH candidates assignment between localized and distributed E-PDCCH is as follows:

· Distributed E-PDCCH candidates are assigned to aggregation levels 
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Proposal 7: The E-PDCCH candidates for aggregation levels 
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The localized E-PDCCH search space and distributed E-PDCCH search space are shown in figure 3. In case an E-PDCCH cluster is composed by a PRB pair, the localized transmission can be multiplexed with distributed E-PDCCH within one PRB pair.
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Figure 3: localized and distributed E-PDCCH search space
5. Conclusions

In this contribution, we shared our views on the E-PDCCH search space design. Particularly, we have the following proposals:
Proposal 1: E-PDCCH shall only support aggregation levels 1, 2, 4 and 8.

Proposal2: Only aggregation levels 1 and 2 shall be supported in localized transmission.
Proposal 3: A UE can be configured to monitor both localize and distributed E-PDCCH candidates within one subframe or  only monitor distributed E-PDCCH candidates within one subframe.
Proposal 4: The size of configured E-PDCCH resource for an UE shall be consistent with UE blind decoding complexity.
Proposal 5: Hash function shall not be used in E-PDCCH search space, and both localized and distributed E-PDCCH search space shall start at index 0.
Proposal 6: An UE starts searching distributed E-PDCCH candidates on the E-REGs which belong to the last localized E-CCE in the localized E-PDCCH. 

Proposal 7: The E-PDCCH candidates for aggregation levels 
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