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1 Introduction

In last RAN1 meeting, several contributions discussed ePDCCH search space design, and RAN1 agreed the following for further discussions [1].

Way forward for now:
· Continue with design of ePDCCH including both localized and distributed operation, and then revisit CSS when design is clearer.
Next steps:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals
· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 

· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs

· Study “fallback” operation and need for localised and distributed USS candidates in same subframe

In this contribution, we express our view on ePDCCH search space design.

2 Discussion
2.1 
Handling of mapping of ePDCCH in presence of other signals 

RAN1 agreed to use antenna ports 7-10 for ePDCCH transmission. However, there is no agreement on the minimum number of antenna ports used for ePDCCH transmission.  There are two possibilities:
· Option-1: UE shall assume that ports 7-8 (i.e., 12 REs) are always used.

· Option-2: UE shall assume that ports 7-10 (i.e., 24 REs) are always used.

Option-1 is better for spectral efficiency point of view, in case all antenna ports 7-10 are not used for ePDCCH transmission. On the other hand, Option-2 provides scheduling flexibility for the network, and will simplify UE implementation. Option-2 also simplifies the ePDCCH mapping in a PRB-pair. Therefore, we think that UE shall assume that antenna ports 7-10 are always reserved for ePDCCH transmission if UE is configured to monitor ePDCCH. 
 Proposal 1: We suggest to consider that UE shall assume that antenna ports 7-10 (i.e., 24 REs) are always reserved for ePDCCH transmission.
In Figure 1, we illustrate the following options to handle ePDCCH mapping in the presence of other signal.

· Option-1: Rate matching around colliding signal

· Option-2: Puncturing around colliding signal

· Option-3: Mapping around colliding signal

Among these options, puncturing (Option-2) is simple method, but it might result in performance degradation. Option-3 might  not provide flexibility in defining ePDCCH mappings. Therefore, we think rate matching around colliding signal is the better option to handle ePDCCH mapping.    

Proposal 2: We suggest to consider rate matching around colliding signal to handle ePDCCH mapping in the presence of other signal.
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Figure 1: Handling of ePDCCH in the presence of other signals
We also suggest to consider the following rules in handling ePDCCH mapping:

· Legacy control region:

· If configured, it is excluded in defining eREG/eCCE and ePDCCH mapping 

· DM-RS: 

· DM-RS ports 7-10 are excluded in defining eREG/eCCE and ePDCCH mapping 

· CRS/CSI-RS: 

· CRS/CSI-RS are prioritized and rate matching is used to avoid the colliding signal. 

· PRS: 

· PRS sub-frames could be excluded in scheduling ePDCCH. 

· This is FFS (including the impacts on ePDCCH scheduling restrictions).

· PSS/SSS/PBCH: 

· PRB pairs containing PSS/SSS could be excluded in scheduling ePDCCH. 

· This is FFS (including the impacts on ePDCCH scheduling restrictions).

2.2

eREG/eCCE definitions and mappings
We define an enhanced control channel element (eCCE) as the minimum unit for assigning the DCI for ePDCCH. The number of REs available in a PRB pair for ePDCCH could vary from PRB-pair to PRB-pair within a sub-frame or could vary between sub-frames due to:

· number of OFDM symbols allocated for legacy PDCCH (or starting OFDM symbol number for PDSCH) 

· number of RS ports

· sub-frame type (ie., normal or MBSFN)

· presence of PSS/SSS/PBCH/CSI-RS/PRS in the PRB
Therefore, fixed eCCE size is not efficient for the ePDCCH design, considering unused REs or not enough REs for eCCE.  eCCE size could vary from sub-frame to sub-frame. Some limited number of eCCE sizes could be pre-defined. One of the eCCE sizes could be equal to that of legacy CCE, which is 36 REs. It should be noted that UEs have the knowledge of available REs for eCCE on the allocated PRB-pair for E-PDCCH. Therefore, UE could calculate the eCCE size used in the PRB-pair. 

Some contributions also proposed the concept of “enhanced resources elements group (eREG)” for ePDCCH design. We think it is also useful to include the eREG concept along with eCCE, in particularly considering the possibility of ePHICH design. Therefore, we suggest to define eREG as a group of 4 consecutive REs in a OFDM symbols in the data region of a PRB-pair.  However, OFDM symbols with DM-RS are considered jointly in defining eREG. Figure 2 illustrates this eREG definition.  
Proposal 3: We suggest to define eREG as a group of 4 consecutive REs in a OFDM symbols in the data region of a PRB-pair. In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG.  
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Figure 2: eREG definition and mapping
Now, we define eCCE as a group of N eREGs where the N could vary from sub-frame to sub-frame.  For localized transmission, eCCE could be defined as a group of eREGs within a PRB-pair. For distributed transmission, eCCE could be defined as a group of eREGs within a group of PRB-pairs. How eREG mapped to eCCE depends on the number eCCE defined per PRB-pair. Figure 3 and Figure 4 show an example of eREG to eCCE mappings for localized transmission. It should be noted that eREG to eCCE mapping could be same for localized and distributed transmission. However, distributed transmission could use interleaving at eREG level to enhance frequency diversity gain.  

Proposal 4: We suggest to define eCCE as a group of N eREGs where the N could vary from sub-frame to sub-frame.  

· For localized transmission, eCCE could be defined as a group of eREGs within a PRB-pair.

· For distributed transmission, eCCE could be defined as a group of eREGs within a group of PRB-pairs.

· How eREG selected to define eCCE is FFS.
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Figure 3: example of eCCE definition and mapping: 3 eCCE per PRB-pair
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Figure 4: Example of eCCE definition and mapping: 4 eCCE per PRB-pair
2.3

Aggregation levels and eCCE multiplexing 
We defined eCCE as the minimum unit for assigning the DCI for ePDCCH, and ePDCCH multiplexing is based on eCCE. We think a supported aggregation level depends on the number of eCCE defined per PRB-pair (
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Figure 5 shows how aggregation levels are formed by combining eCCE and Figure 6 shows the eCCE multiplexing. Option-1 (
[image: image10.wmf]3
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) provides better scalability in terms of available REs in a PRB pair, and possibility to introduce other aggregation levels such as 3 and 6. On the other hand, Option-2 (
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) is aligned with available number of ports for ePDCCH and the legacy aggregation levels. We think it could be also possible to support both options (Option-3), and this is further investigated.    
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Figure 5: eCCE multiplexing and eCCE aggregations 
RAN1 agreed to specify localised and distributed transmission for ePDCCH, however there is no explicit definition on the details. We first define them as follows. 

· Localized transmission:

· UE shall be configured to monitor adjacent PRB-pairs. 

·  eCCE is defined as a group of eREGs within a PRB-pair.

· UE is configured to monitor one ePDCCH PRB cluster, which could be changed dynamically. 

· Distributed transmission:

· UE shall be configured to monitor non-adjacent PRB-pairs. 

·  eCCE is defined as a group of eREGs from a group of PRB-pairs.

· UE is configured to monitor one ePDCCH PRB cluster

· UE is configured to monitor group of PRB pairs, which could be changed semi-statically.  

We also introduce “ePDCCH PRB cluster” as a group of PRBs in a system bandwidth. This is illustrated in Figure 6. The main reason to introduce “ePDCCH PRB cluster” is to limit the maximum number of blind decoding attempts for UE, while having flexible number of PRBs allocated for ePDCCH in the serving cell. The UE is only required to monitor only one “ePDCCH PRB cluster” for localised and/or distributed transmission, while the network could configure more than one “ePDCCH PRB cluster”.  
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Figure 6: Illustration of ePDCCH PRB mappings for localised and distributed transmission 
2.4
Search space design
The search space design shall consider the following design principles.
1. The search space design principals are applicable for both localised and distributed transmission.  

· Search space is defined based on eCCE.

· Search space candidate eCCE(s) are not mixed between localised and distributed transmission.

· FFS whether eCCE(s) for localised and distributed transmission could be on the same PRB-pair.
· UE could monitor both localised and distributed transmission at the same time. 

2. How PRB-pairs for ePDCCH are selected and configured to UE are independent of search space design.

· PRB-pairs for ePDCCH could be selected based on the following
· UE feedback  
· Channel reciprocity (mainly for TDD)

· Considering ICIC among neighbour cells. 

       In general, existing mechanism PRB selection for PDSCH could be re-used. For example, existing UE feedback for PDSCH could be re-used for ePDCCH, instead of defining new feedback mode for ePDCCH.  

· PRB-pairs for ePDCCH could be configured by following methods
· Dynamic signalling 

· Semi-stacti RRC signalling

· Implicit association

Our views on this ePDCCH PRB resources configuration are discussed in detail in our companion paper in [2]. 

3. UE searches fixed number of ePDCCH PRB-pairs (
[image: image14.wmf]PRB

-

E

N

) for candidate ePDCCH at different aggregation levels. We think most of legacy PDCCH search principle could be re-used.

· However, the main difference is that physical resources (ie., PRBs) could be changed dynamically.  

4. The number of blind decoding depends on the number of eCCEs per PRB-pair (
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 and the number of ePDCCH PRBs (
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). Since RAN1 agreed to define implicit antenna associations for ePDCCH, number of blind decoding is further reduced by certain search space restrictions to simplify UE implementation. Figure 8 shows search space design for 
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 for two options. These two options differ from number of blind decoding attempts allowed for aggregation level one, where Option-II have twice than that of Option-1. Our view on this antenna association is discussed in our companion paper in [3].
5. The candidate search space (
[image: image19.wmf])
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) could be depend on UE ID/Cell ID and/or sub-frame index. The details of 
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 is FFS and could vary for USS and CSS.  
Table 1 shows the number of blind decoding attempts for 
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 for Option-I and Option-II. It should be noted that the actual number of ePDCCH blind decoding attempts for UE depends on:
· The number of aggregation levels supported

· whether UE monitors localised and/or distributed transmission 
· whether UE supports both USS and CSS or USS only on ePDCCH. 
6. The candidate search space (
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) shall scale with the number of PRB-pairs allocated for ePDCCH. This provides more flexibility for the network for scheduling and capacity handling. However, this will result in increased number of blind decoding attempts. Therefore, the specification could limit the maximum number of PRB-pairs monitored by a UE. 
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Figure 7: Illustration of ePDCCH search space candidates 
3 Conclusion

We presented our views on ePDCCH transmission schemes in this contribution, and we propose the following: 
Proposal 1: We suggest to consider that UE shall assume that antenna ports 7-10 (i.e., 24 REs) are always reserved for ePDCCH transmission.
Proposal 2: We suggest to consider rate matching around colliding signal to handle ePDCCH mapping in the presence of other signal.

Proposal 3: We suggest to define eREG as a group of 4 consecutive REs in a OFDM symbols in the data region of a PRB-pair. In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG.  

Proposal 4: We suggest to define eCCE as a group of N eREGs where the N could vary from sub-frame to sub-frame.  

· For localized transmission, eCCE could be defined as a group of eREGs within a PRB-pair.

· For distributed transmission, eCCE could be defined as a group of eREGs within a group of PRB-pairs.

· How eREG selected to define eCCE is FFS.
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