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1 Introduction
This document discusses further corrections in addition to those agreed for to Rel 11 specification text in 36.213, relating to the search space equation for EPDCCH transmission. 
2 Discussion
2.1 Current search space specification in 36.213

The currently agreed approach for EPDCCH search space is summarised in Figure 1.
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 Figure 1: Currently agreed specification approach 
2.2 Proposal for more efficient EPDCCH operation 

The equation as presented in Figure 1 meets many of the design requirements for localized EPDCCH are discussed in [1]. However it does not address the following-

(1) Candidates corresponding to different DCI formats are placed in different PRBs (to minimize blocking, particularly for simultaneous UL/DL scheduling)  

(2) Candidates corresponding to different DCI formats in the same PRB are placed in different ECCEs (to minimize blocking) 
In the same way that candidates are separated for different carriers with cross-carrier scheduling, it is proposed to separate candidates corresponding to different DCI formats, to reduce blocking for simultaneous UL and DL scheduling. This leads to the formulation in Figure 2, based on proposals in [1].
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Figure 2: Proposed modification
The proposal in Figure 2 typically places candidates for the UL and DL scheduling in adjacent search space locations. Collisions with candidates for different carriers can be avoided by eNB configuration of suitable carrier indices per carrier.
The proposed modification is intended for localized EPDCCH, but will also give some (smaller) benefit for distributed EPDCCH. 
2.3 Simulation Results

In order to evaluate potential performance benefits, the following basic simulation assumptions are adopted:

· Localized EPDCCH

· The scheduler targets two DCI messages per UE per subframe, with similar payload sizes
· One EPDCCH set is configured, with 8 PRB pairs

· For each UE, each PRB pair in the EPDCCH is assumed to support a randomly assigned  minimum aggregation level, for the assumed payload, with the following probabilities:-
	Aggregation Level
	Probability
	Number of candidates

	1
	0.3
	6

	2
	0.45
	6

	4
	0.2
	2

	8
	0.05
	2

	>8
	0
	0


· The same number of candidates is assumed for each DCI format (as given above)

· If a DCI message cannot be scheduled at the lowest aggregation level, candidates with higher aggregation levels are considered. If no candidates are available for transmission of EPDCCH, the DCI message is considered to be blocked.

· 4 ECCEs per PRB pair
· Cross carrier scheduling is not configured

The average blocking probability (i.e. number of DCIs not transmitted divided by number of DCIs offered for transmission) as a function of the number of UEs to be scheduled is shown in Figure 3.
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Figure 3: Blocking probability for current and proposed search space equations
3 Conclusions

In the scenario considered, where UEs are required to receive both UL and DL grants in the same subframe, the addition of an offset between DCI formats significantly improves the blocking probability. 
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For an EPDCCH-PRB-set �configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space � are given by 


� EMBED Equation.3  ���


Where


�is defined by � EMBED Equation.3 ���


�


� is the carrier indicator field value, if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise �=0


�,


� is the number of EPDCCH candidates to monitor at aggregation level � in EPDCCH-PRB-set �, for a given carrier and DCI format








� EMBED Equation.3  ���


Where � EMBED Equation.3  ���= 0 for DCI format 0/1A, and 1 for other formats, unless DCI format 4 is configured for the UE, in which case � EMBED Equation.3  ���= 0 for DCI format 4, and 1 for other formats
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