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1 Introduction

In RAN1#71, many agreements for EPDCCH were reached. But for EPDCCH search space function, there are some remaining issues. To finalize the EPDCCH discussion, we give our views on the following remaining issues of EPDCCH search space function: 

· Localized EPDCCH search space equation in case of cross-carrier scheduling
· Confirmation of distributed EPDCCH search space equation
2 Finalization of EPDCCH search space 
In the last RAN #71 meeting, the work assumptions for EPDCCH search space are as follows [1]: 

· An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates. 

· For an EPDCCH-PRB-set 
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 configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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· For an EPDCCH-PRB-set 
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 configured for localized transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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where 
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[image: image12.wmf]p

 of subframe 
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 if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
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Based on these work assumption, the finalization of EPDCCH search space is discussed in the following subsections.
2.1 Localized EPDCCH search space equation in one set
The localized search space equation based on work assumption works well in a single carrier scenario. For the cross-carrier scheduling scenario, although the current search space equation supports cross-carrier scheduling, the analysis in Appendix 1 shows that the candidates are not a function of the 
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 parameter. Then the candidates for different carriers are fully overlapped.  An aggregation level 1 example is shown in Figure 1. In Figure 1, four PRB pairs are configured for a localized EPDCCH set. One PRB pair has 4 localized ECCEs. In this set, 
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 is assumed to be zero for a UE. In addition, there are 4 aggregation level 1 candidates for this UE in this set for one carrier. The EPDCCH of two carriers, which are represented by CC1 and CC2, are sent in this set. From Figure 1, it shows that the candidates of CC1 and CC2 are fully overlapped. For other aggregation levels, the candidates of CC1 and CC2 are fully overlapped, too. This overlapping will increase the EPDCCH blocking probability.
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Figure 1. Fully overlapped candidates when cross-carrier scheduling
Therefore, to reduce blocking probability between different carriers in case of cross-carrier scheduling, it is expected that the ECCEs of different carriers’ candidates are staggered as much as possible. Then, the localized search space equation for cross carrier scheduling should be modified as follows:
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(3)
Using the previous example, it assumes that the CIF values are 0 and 1 for CC1 and CC2, respectively. Figure 2 shows the candidates mapping result. 
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Figure 2. Candidates to ECCEs mapping of proposed search space equation
From Figure 2, it can be seen that there is no candidate overlapping between the two carriers. 
To compare the performance between the scheme of work assumption and our proposal, simulations were performed using the assumptions in Appendix 2. The evaluation results for blocking probability and resource usage efficiency are shown in Figure 3 and Figure 4, respectively. It shows that our proposed localized search space function outperforms the work assumption.
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Figure 3. Blocking probability comparison in case of cross-carrier scheduling
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Figure 4. Resource usage efficiency comparison in case of cross-carrier scheduling


So according to above discussions and evaluation results, we propose:

· Proposal 1: For an EPDCCH-PRB-set 
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 configured for localized transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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where 
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
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.
2.2 Distributed EPDCCH search space equation in one set
For the distributed EPDCCH search space equation, there are two alternatives as follows:

· Alt. 1: Rel. 10 PDCCH search space equation is reused for distributed EPDCCH in the current working assumption

· Alt. 2: Same search space equation is used for both localized and distributed EPDCCH.
To compare the performance of above two alternatives, simulations were performed using the assumptions in Appendix 2. The evaluation results for blocking probability and resource usage efficiency are shown in Figure 5 and Figure 6, respectively. Both alternatives have the nearly the same performance. Therefore, there is no obvious motivation to use Alt. 2, the same equation for both localized and distributed EPDCCH. Then for simplicity, we propose:

· Proposal 2: Confirm the work assumption of distributed EPDCCH search space equation, i.e., for an EPDCCH-PRB-set P configured for distributed transmission, reusing Rel. 10 search space equation.
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Figure 5. Blocking probability comparison
[image: image43.emf]2 4 6 8 10 12 14 16 18 20

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DCI number

resource usage efficiency 

resource usage efficiency in case of fully overlapped sets

Alt. 1

Alt. 2


Figure 6. Resource usage efficiency comparison
3 Conclusions
In this contribution, our views on the remaining issues of EPDCCH search space function are presented and there are the following proposals:
· Proposal 1: For an EPDCCH-PRB-set 
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configured for localized transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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where 
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 in EPDCCH-PRB-set 
[image: image56.wmf]p

.
Proposal 2: Confirm the work assumption of distributed EPDCCH search space equation, i.e., for an EPDCCH-PRB-set P configured for distributed transmission, reusing Rel. 10 search space equation.
4 Text proposal

We propose to capture the following text in Section 9.1.4 of TS 36.213 [1]:
---------------------------------------------------Text proposal for TS36.211[1] --------------------------------------------------
9.1.4  
EPDCCH assignment procedure
For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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 of subframe 
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. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 

The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3].

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].

· In subframes indicated by higher layers to decode PMCH

An EPDCCH UE-specific search space 
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For an EPDCCH-PRB-set 
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configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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For an EPDCCH-PRB-set 
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configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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where
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 if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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[image: image76.wmf])
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
[image: image78.wmf]p

. 

Note that the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.
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Appendix 1: Analysis for search space of cross-carrier scheduling
For the localized search space equation, the work assumption is as follows:
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Considering the number of PRB pairs in a EPDCCH is 2, 4 or 8, the number of ECCEs in a PRB pair is either 2 or 4 and aggregation level 
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(A-1)

From Equation (A-1), it can be seen that the candidates different carriers are full overlapped in case of cross- carrier scheduling.
Appendix 2:
Simulation assumption for distributed EPDCCH search space function 
· Localized EPDCCH search space function
In the simulation, a localized EPDCCH set is configured all UEs. For each UE, the EPDCCH control channels for two carriers are sent in this set, and there is one DCI message for each carrier. The CIF values for the two carriers are random generated from 0 to 7. Other detail simulation assumptions are given in Table 1.
Table 1. Simulation assumptions for localized EPDCCH search space function
	Parameters
	Value

	Number of DCIs per carrier
	From 1 to 8

	Number of PRB pairs per EPDCCH set
	4

	Number of ECCEs per PRB pair
	4

	DCI (UE) priority
	Random

	Aggregation level (AL)
	Localized: {1, 2, 4, 8}

	AL distribution
	Localized: {0.45, 0.35, 0.15, 0.05}

	Number of EPDCCH candidates for each AL 
	Localized: {6, 6, 2, 2}


· Distributed EPDCCH search space function
In the simulation, each UE is configured an EPDCCH set. But from the point of view of eNB, a common EPDCCH set is configured for all the UEs. This EPDCCH set is a localized set for one half UEs and at the same time a distributed set for the other half UEs. In a subframe, a given UE is scheduled with one DCI message. Other detail simulation assumptions are given in Table 2.

Table 2. Simulation assumptions for distributed EPDCCH search space function
	Parameters
	Value

	Number of DCIs in one subframe
	From 2 to 20

	Number of PRB pairs per EPDCCH set
	4

	Number of ECCEs per PRB pair
	4

	DCI (UE) priority
	Random 

	Aggregation level (AL)
	Localized: {1, 2, 4, 8}

Distributed: {1, 2, 4, 8, 16}

	AL distribution
	Localized: {0.45, 0.35, 0.15, 0.05}

Distributed: {0.2, 0.3, 0.35, 0.1, 0.05}

	Number of EPDCCH candidates for each AL 
	Localized: {6, 6, 2, 2}

Distributed: {4, 5, 4, 2, 1}
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