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1 Introduction

In last RAN1 meeting, several contributions discussed UE specific search space design for ePDCCH [1], and several agreements related to search space design were made (such as number of ePDCCH PRBs, number of eCCEs per PRB-pairs and supported aggregation levels). The search space design principals were further discussed in RAN1 email reflector [2]. In this contribution, we express our view and propose details on 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. Main search space design features are specifying the composite eCCEs, and supported aggregation levels, ePDCCH candidate positions in the composite eCCE for UE blindly decode the DCIs. 
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Figure 1: Illustration of ePDCCH sets for localised and distributed transmission 

UE could be configured with multiple “ePDCCH set” as a group of PRB-pairs reserved for ePDCCH transmission. This is illustrated in Figure 1. Once composite eCCE is formed for localized and distributed ePDCCH, search space design and UE blind decoding procedures are nearly same for localized and distributed ePDCCH. The composite eCCE formulation is basically defining eREG to eCCE mappings for localised and distributed ePDCCH. Further, we discuss search space design for one ePDCCH set, but the same principals are applicable for multiple ePDCCH sets independently if configured. We think how to splitting the number of blind decoding attempts among the multiple ePDCCH set should be considered once the details of search space design for one ePDCCH set is finalised.    

2.1

UE specific 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.

2. PRB-pairs for ePDCCH set are indicated to UE by explicit signalling. This signalling configuration is discussed in our companion paper in [3]   
· UE searches fixed number of ePDCCH PRB-pairs (
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) for candidate ePDCCH at different aggregation levels.
· The number of blind decoding depends on the number of eCCEs per PRB-pair (
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eCCE

N

, 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 aggregation levels 1, 2, 4 and 8. 

· This search pattern can be extended to cover aggregation levels higher than 8 with more PRB-pairs allocated for ePDCCH. 
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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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The antenna port association  could be defined based on the approach used for legacy PDCCH search space starting index definition, described in section 9.1.1 of TS36.213. Let 
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 defines the start of eCCE index and 
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where 
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 is the sub-frame number. The RNTI value used for 
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 is defined in TS36.213. Therefore, the UE shall assume ePDCCH antenna port as 
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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. Table 1 shows the number of blind decoding attempts for 
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, which is a typical configuration. 
Table 1: ePDCCH candidates monitored by a UE for 
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	Aggregation level 
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	Number of ePDCCH USS candidates 
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	Number of legacy PDCCH USS candidates 
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	1
	4
	4
	6

	2
	2
	4
	6

	4
	1
	2
	2

	8
	N/A
	1
	2

	Total
	7
	11
	16


However, the current agreement support up to 8 PRB-pairs (
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), which will result in the following number of total blind decoding attempts for UE specific search space, according to the above search space pattern:

· 22 for 
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· 14 for 
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, the total number of blind decoding attempts is higher than the number of blind decoding attempts for legacy PDCCH USS. Thus, the need for allowing 8 PRB-pairs for ePDCCH should be carefully considered.   

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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