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1. Introduction 
In RAN1 67 meeting, a number of subjects regarding E-PDCCH design were extensively discussed, among which includes the RS design.  In the end, some conclusions were drawn which is stated as follows:

· Agreement:
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

· Working assumption:
There are no cases where CRS is used for demodulation of the enhanced control channel
It is noted that both localized and distributed E-PDCCH transmission would be supported.  Many papers were submitted under “7.7.3 Search Space” section [1]- [12], which discuss a number of aspects related to the search space design of E-PDCCH. However, due to limited meeting time, these papers did not have opportunities to be presented. 

In this paper, some aspects related to E-PDCCH search space are discussed and some principles on the design of E-PDCCH search space are proposed. 

2. E-PDCCH Search Space Design Considerations

2.1. E-PDCCH Resource Partitions and eCCE Definition
The minimum resource allocation for legacy PDCCH is one Control Channel Element (CCE), which equals to 36 REs,  or about the size of  a third of a PRB pair. So it is not efficient in terms of resource utilization  when  the minimum  resource allocation for E-PDCCH is PRB pair based.  For example,  in some high SNR and small DCI scenario,   the required E-PDCCH performance may be achieved with  a resource allocation of one CCE in size,  meaning that assigning one PRB pair to one  E-PDCCH is clearly waste of  resources.   It is therefore more efficient  to define a sub-PRB partition as the smallest resource unit for E-PDCCH.   Some possible ways of partitioning are described in  [13] which include both the horizontal sub-PRB partition as shown in Figure 1 and vertical sub-PRB partition as shown in Figure 2.  The above partitions could be considered as FDM and TDM partitions. In addition to such partitions, other ways of partitions could also be considered such as CDM. 
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Figure 1 Horizontal sub-PRB pair partition.
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Figure 2 Vertical sub-PRB pair partition
After such partitions, the smallest resource for E-PDCCH transmission could be called eCCE [14], which is similar to CCE defined for PDCCH in Rel-8. 
Proposals: eCCE could be defined by partitioning the E-PDCCH resource in FDM, TDM or CDM ways, and used as the smallest resource for E-PDCCH transmission. 

2.2. E-PDCCH Resource Configuration
Resource allocation for an E-PDCCH region can be either localized or distributed.  In localized case, consecutive PRBs or PRB pairs are allocated.  In distributed case, non-consecutive PRBs or PRB pairs are allocated.  In either localized or distributed case, a set of N_VRB Virtual RBs (VRBs) is allocated for an E-PDCCH region and for potential E-PDCCH transmission.  Similar to R-PDCCH, the resource allocation can be signaled using one of the three existing resource allocation methods for PDSCH as specified in LTE TS 36.213 [15], i.e. resource allocation type 0, type 1 or type 2.  The allocated VRBs can be indexed from 0 to N_VRB-1.  In case of resource allocation type 0, type 1, the mapping from VRB to PRB can be derived according to TS36.211 [16].  In case of resource allocation type 2, the mapping is configured through RRC signalling.   

If two E-PDCCH regions are allocated in the same subframe and one with localized  E-PDCCH transmission  and the other with distributed  E-PDCCH transmission, some UEs could be configured to use the E-PDCCH region with localized E-PDCCH transmission and other UEs could be configured to use the E-PDCCH region with distributed E-PDCCH transmisson. A UE then only needs to search for its E-PDCCH in the E-PDCCH region it is configured. 
2.3. E-PDCCH Search Space Design
If eCCE is defined as described before, the search space can be defined using the following steps: 

1. Assuming a set of 
[image: image3.wmf]PDCCH

E

VRB

N

-

 VRBs is configured for an E-PDCCH region for potential E-PDCCH transmission by higher layers. The VRBs can be continuously numbered as 
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2. The available eCCEs in the  EPDCCH region may be indexed from 0 to 
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, i.e. {eCCE(0), eCCE(1),...,eCCE(
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3. An E-PDCCH is transmitted on an aggregation of one or several consecutive eCCEs. An E-PDCCH consisting 
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 eCCEs may only start on an e-CCE 
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is the eCCE number. For example, 
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4. For each aggregation level 
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, a number of E-PDCCH candidates, denoted as 
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, can be defined. For example, {6,6,2,2} candidates may be defined for 
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, respectively. The set of the E-PDCCH candidates to monitor at an aggregation level defines a search space at the aggregation level.

5. A search space can be a function of  the aggregation level, the subframe number, UE identity and the total number of eCCEs in the E-PDCCH region. For example, the eCCEs corresponding to E-PDCCH candidates 
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 of search space at aggregation level 
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  and subframe 
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can be defined as follows:
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Where 
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is a variable depending on UE ID and subframe index 
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For distributed E-PDCCH transmission, interleaving can be applied to eCCEs  to further exploit higher level of frequency diversity gain. The eCCEs may be interleaved/permuted such that eCCEs for an E-PDCCH are spread over different VRBs for increased frequency (and time) diversity.  For example, the eCCEs can be arranged into a matrix with 
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 rows and 
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 columns as shown in Figure 3, where 
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 are configurable numbers that satisfying the condition of 
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is greater than or equal to the total number of eCCEs in an E-PDCCH region that is signalled to a UE.   The eCCEs are written into the matrix row by row starting with eCCE(0) in column 0 of row 0.  When 
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 , “Null”s are written in the rest of the last row of the matrix after eCCE(
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. The eCCEs are then read out column by column from the matrix starting with eCCE(0) in row 0 of column 0.  Any “Null” in the matrix is ignored during the read out.   The  new rearranged eCCEs are  {eCCE(p(0)),eCCE(p(1)),...,eCCE(p(
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 is  the eCCE index  at the ith location of the new eCCE sequence.  The eNB can then following the above procedure in transmitting an E-PDCCH to  a  UE .  At the UE side, the UE can follow the same procedure to search and detect E-PDCCH.  
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Figure 3: an example of eCCE interleaving with kN =N_eCCE
The eCCEs {eCCE(p(i)), 
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}  after interleaving   can be  mapped  in increasing order of 
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 to the  VRBs in the E-PDCCH region, where  if four eCCEs are configured in a PRB,  {eCCE(p(0)),…,eCCE(p(3))} are mapped to 
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The VRBs can be mapped to PRBs either through localized resource allocation or distributed resource allocation. In localized resource allocation, the VRBs are mapped to contiguous PRBs, while in distributed resource allocation, the VRBs are mapped to distributed PRBs across the system bandwidth.
The eNB would then transmit E-PDCCH for a particular UE in the search space following the above procedure.  At UE side, the UE would follow the similar procedure to search/detect its own E-PDCCH through blind decoding.

Proposals: The UE-specific search space could be based on eCCE. Different aggregation level of eCCE could be supported. The starting locations of a candidate eCCE of an aggregation level could be the function of UE ID and subframe index. The interleaving/permutation operation could be applied to eCCEs for distributed E-PDCCH transmission. 
3. Conclusions

In this contrition, several aspects for E-PDCCH search space are discussed, which include the eCCE definition, the E-PDCCH resource allocation and search space design and procedure.  The main motivation is exploit E-PDCCH transmit while maintain the similar complexity level at UE in searching for its E-PDCCH. 
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