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1 Introduction

In last RAN1 meeting, several contributions discussed ePDCCH search space design [1], and it is agreed in RAN#56 that common search space (CSS) with ePDCCH is not supported in Rel-11 [2].  This is mainly due to lack of strong needs to support CSS with ePDCCH in Rel-11 and the limited time to complete Rel-11. However, it is common understanding that CSS with ePDCCH is required for Rel-12 to support new features such as standalone new carrier type. This is to be taken into account during search space design. In this contribution, we express our view on ePDCCH search space design.

2 Discussion
The legacy PDCCH design is well proven technique to have flexible and efficient transmission of control information, and should be the baseline for the ePDCCH as well. Most companies share this view that legacy PDCCH search space concept should be extended to ePDCCH as well. 

ePDCCH is transmitted on an enhanced CCE (eCCE) or an aggregation of multiple eCCEs where eCCE is the basic unit of ePDCCH search space construction. Main search space design features are specifying the composite eCCEs, and supported aggregation levels, and procedures for UE blindly decode the DCIs. 

We introduce “ePDCCH PRB cluster” as a group of PRB-pairs reserved for ePDCCH transmission. This is illustrated in Figure 1. 
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Figure 1: Illustration of ePDCCH PRB mappings for localised and distributed transmission 
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 PRB-pairs allocated for ePDCCH in the serving cell. Each 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”.
The “ePDCCH PRB cluster” size should be selected considering blocking probabilities, UE blind decoding complexities and signalling overhead if dynamic indication of PRB-pairs is supported. We consider 3 or 4 eCCEs in a PRB-pair should be supported for normal sub-frames. If M PRB-pairs are used for ePDCCH transmission, then the total number of available eCCEs for ePDCCH transmission would be 3M or 4M. Some contributions proposed 4 PRB-pairs for ePDCCH allocations [3, 4].
2.3

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.

· UE could monitor both localised and distributed transmission at the same time. 

2. PRB-pairs for ePDCCH are selected and indicated to UE. This PRB indication procedure is described in our companion paper [5].  
· UE searches fixed number of ePDCCH PRB-pairs (
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) for candidate ePDCCH at different aggregation levels. 
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 could change from sub-frame to sub-frame depending on the resources required for ePDCCH transmission. This allows efficient resources utilization, and we have discussed the required signalling support in our companion paper in [6].
· The number of blind decoding depends on the number of eCCEs per PRB-pair (
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, supported aggregation levels and the number of ePDCCH PRB-pairs (
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3. The candidate search space (
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) could be depend on UE ID/Cell ID and/or sub-frame index. Figure 2 and Figure 3 show the search space candidate s for different aggregation levels. 

· For 
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, aggregation levels 1, 2, 4 and 8 are supported if more than one PRB-pair is used for ePDCCH. Otherwise, aggregation levels 1, 2 and 4 are supported.
· For 
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, aggregation levels 1, 3 and 6 are more appropriate as they aligns with PRB boundary. However, these aggregation levels may not support link adaptation and resources utilization effectively, where some sub-frames might have
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.  Therefore, we suggest to consider aggregation levels 1, 2 and 4. Support for aggregation level 8 is FFS. 
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Figure 2:  Illustration of ePDCCH search space candidates for 
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Figure 3: Illustration of ePDCCH search space candidates for 
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It should be noted that RAN1 already agreed that antenna ports are associated with eCCE index and explicitly defined in the specifications. Thus, allowing full search space will require channel estimation for more than one antenna ports, resulting in UE implementation complexity. On the other hand, the limited search space will result in increased blocking probability. Figure 4 compares the blocking probability for full search space and limited search space. The simulation assumptions are listed in the Annex. Although the blocking probability of limited search space is worse than full search space, limited search space blocking probability could be improved by further optimized selection of UEs. This could be up to eNB scheduler implementation and prioritization of UEs.   
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Figure 4: Evaluation of block probability for ePDCCH search space candidates for 
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4. 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. 

Table 1: ePDCCH candidates monitored by a UE for 
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	1
	4
	4
	6

	2
	4
	4
	6

	4
	2
	2
	2

	8
	1
	1
	2

	Total
	11
	11
	16


Proposal: We propose to consider ePDCCH search space with limited search space positions to support the following aspects.
· Able to scale with number of allocated PRB-pairs and number of eCCEs within a PRB-pair.

· Able to reduce UE implementation complexity with antenna port association with eCCE index implicitly defined in the specification.  

3 Conclusion

We presented our views on ePDCCH search space design in this contribution, and we propose the following: 
Proposal: We propose to consider ePDCCH search space with limited search space positions to support the following aspects.

· Able to scale with number of allocated PRB-pairs and number of eCCEs within a PRB-pair.

· Able to reduce UE implementation complexity with antenna port association with eCCE index implicitly defined in the specification.  
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5 Annex

Table 2: Simulation assumptions for ePDCCH blocking probability evaluations
	Number of evaluation drops
	10000

	Number of PRB-pairs for ePDCCH
	4

	Number of eCCEs per PRB-pair
	4

	Number of UE selected for scheduling in each drop
	16 (scheduled in sequential order)

	Aggregation levels evaluated
	{1, 2, 4, 8}

	Distribution of aggregation levels
	{70%,  25%, 4% and 1%}

	Antenna port or starting eCCE index selection for each UE
	(i) Random 
(ii) 4 UEs are selected for  4 antenna ports, and then remaining are randomly selected 
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