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1. Introduction
There remain several open issues on the EPDCCH search space in the recently approved specifications. This contribution proposes corrections related to the EPDCCH search space with focusing on the non-CA case. Corrections for the CA-case are discussed in the companion paper [1].

2. Corrections to EPDCCH search space
2.1. Search space equation for EPDCCH
The following two different equations were discussed for the definition of EPDCCH search space and captured in the specification:
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Equation (1) is the one used for Rel-10 PDCCH search space. Equation (2) is a new one and has the property that the 
[image: image3.wmf])

(

L

p

M

 blind decoding candidates are spread over the 
[image: image4.wmf]L

N

k

p

ECCE

/

,

,

 possible locations as uniformly as possible. Thus, it fits into the localized EPDCCH in that it can guarantee the frequency selective EPDCCH transmissions. As no issues were identified during the related discussion in using this equation at least for the non-CA case, we propose to confirm its use for the localized EPDCCH. The CA-related issue in using this equation is discussed in [1].
For the distributed EPDCCH, the working assumption agreed in the email discussion [71-70] was that one of the two equations is used. Figure 1 compares the two equations by showing the resultant blocking probability under the assumption that there is one EPDCCH set consisting of 2 or 4 PRB pairs. We can observe from the figure that equation (2) provides substantially lowered blocking probability when compared with that of equation (1). One possible interpretation is that, in the case of equation (1), candidates of a certain aggregation level are placed using consecutive ECCEs, so multiple lower aggregation level candidates are blocked by a single candidate of higher aggregation level candidate. This phenomenon reduces the number of available candidates for lower aggregation levels in relatively worse cases that dominate the EPDCCH search space block. In contrast, the problem can be mitigated by using equation (2) because there exist some ECCEs between two candidates whenever possible as illustrated in Figure 2. We note that the above-mentioned effect of equation (2) disappears for the case in Figure 2(a) because all the 8 ECCEs defined on the 2 PRB pairs are used for the 8 aggregation level 1 candidates. Based on this analysis, we propose to use equation (2) for the distributed EPDCCH search space as well.
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(b)
Figure 1. Comparison of blocking probabilities of equations (1) and (2) with a distributed EPDCCH set consisting of (a) 2 PRB pairs and (b) 4 PRB pairs.
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Figure 2. Examples of EPDCCH search spaces for aggregation levels 1 and 4 with (a) equation (1) and (b) equation (2).
2.2. Definition of the parameter Yp,k 

It was agreed in RAN1#71 that the parameter Yk in the search space formula is different per EPDCCH set (so the EPDCCH index p is added to this parameter), but no consensus was reached with regard to how to define the per-EPDCCH-set parameter Yp,k. In high level, two different approaches were discussed in implementing two different parameters Y1,k and Y2,k: One is to use different parameter values in defining the pseudo-random function of Yp,k and the other is to derive Y2,k from Y1,k by adding a predefined offset value. Option 1 and option 2 are discussed as examples of the first and the second approaches, respectively:
Option 1: 
[image: image8.wmf](

)

D

Y

A

Y

k

p

k

p

mod

1

,

,

-

×

=

 where A=39827 for the EPDCCH set 1 and A=39829 for the EPDCCH set 2. D=65537 for both sets.
Option 2: 
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 where A=39827 and D=65537. 
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One motivation of using option 2 is to prevent the EPDCCH candidates of the two EPDCCH sets from overlapping with each other when they are configured in the same set of PRB pairs. Especially when the search space equation (2) is used for the two EPDCCH sets, the two search spaces are staggered and the overlap is avoided if the offset value is set to 1: The candidates of the second set are likely to be placed in the gap which exists in between two candidates of the first set as illustrated in Figure 3. Figure 4 shows the blocking probability of the two options when the search space equation (2) for the two fully overlapping EPDCCH sets, and we can observe that option (2) with the offset value 1 gives the lowest blocking probability among the compared methods.
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Figure 3. An example of the candidate placements of the two EPDCCH sets when option 2 is used with the offset value 1.
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(b)
Figure 4. Blocking probabilities of different definitions of Yp,k when the search space equation (2) is used for two fully overlapping EPDCCH sets with (a) 2 PRB pairs per EPDCCH set and (b) 4 PRB pairs per EPDCCH set.
Figure 5 shows the blocking probability when the two EPDCCH sets do not overlap with each other. We can observe that the three considered methods render almost the same performance in this case.
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(b)
Figure 5. Blocking probabilities of different definitions of Yp,k when the search space equation (2) is used for two non-overlapping EPDCCH sets with (a) 2 PRB pairs per EPDCCH set and (b) 4 PRB pairs per EPDCCH set.
In combination of the discussions in Section 2.1 and 2.2, we can obtain the lowest blocking probability by using the search space equation (2) for both localized and distributed EPDCCH with deriving the Yp,k of the second EPDCCH set from that of the first set by giving an offset value 1.
Proposal 1: The search space equation below is used for both localized and distributed EPDCCH.
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2.3. Other corrections

One pending issue is the confirmation of the blind decoding split tables in the current version of TS 36.213. As evaluated in [2], the proportional blind decoding split seems to render a similar of blocking probability to that of the equal split when the numbers of PRB pairs of the two sets do not differ much. On the other hand, the current specification already captures the asymmetric blind decoding split for the cases where one set has 8 PRB pairs and the other set has 2 PRB pairs. Such an asymmetric blind decoding split was needed for these cases because several candidates will be lost in the EPDCCH set with 2 PRB pairs if the equal split is used. If any other additional motivation is not identified, the current working assumption on the blind decoding split can be confirmed including the even split for the two EPDCCH sets each of which has 8 and 4 PRB pairs, respectively. 
Another remaining issue is that there is an error in the current version of TS 36.213 on the description for the three cases of the application of the blind decoding tables. As commented in the email discussion [71-18], the threshold check "when nEPDCCH < 104" should be added to “for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored” in Case 1 where the special subframe has a relatively long DwPTS and aggregation level 1 can be used as long as nEPDCCH is large enough. 
Proposal 2: The tables for the blind decoding split (Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b in TS 36.213) can be confirmed. The description of Case 1 for these tables is corrected as follows:
· Case 1 applies 

· when DCI formats 2/2A/2B/2C/2D are monitored and 
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· for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4 are monitored, and when 
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 defined in section 6.8A.1 on [3]), or 

· for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4, and when nEPDCCH < 104 are monitored;

3. Conclusion
This contribution proposed several corrections related to the EPDCCH search space with focusing on the non-CA case. The proposals are summarized as follows:
Proposal 1: The search space equation below is used for both localized and distributed EPDCCH.
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Proposal 2: The tables for the blind decoding split (Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b in TS 36.213) can be confirmed. The description of Case 1 for these tables is corrected as follows:

· Case 1 applies 

· when DCI formats 2/2A/2B/2C/2D are monitored and 
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· for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4 are monitored, and when 
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 defined in section 6.8A.1 on [3]), or 

· for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4, and when nEPDCCH < 104 are monitored;
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Appendix A. Blocking probability when the search space equation (1) in Section 2.1 is used
Figure A-1 shows the blocking probability when the search space equation (1) is used. In this case, we set the offset value to 3 in option 2. In this case, the offset value needs to be selected to avoid the situation where one of the candidates located in the consecutive ECCEs in an EPDCCH set does not overlap with a candidate in the other set at the same aggregation level. The value 3 is selected as the maximum number of the candidates at an aggregation level is 3 in a distributed EPDCCH set when the two equal-size sets are configured. The cases 1 and 2 of the two 2-PRB-pair EPDCCH sets are not considered here because all the ECCEs are fully occupied by the four candidates in these cases and any offset value cannot avoid the overlap between the candidates of the two sets. We observe that option 2 with the offset value 3 shows the lower blocking probability that option 1 in case of the search space equation (1).
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(b)

Figure A-1. Blocking probabilities of different definitions of Yp,k when the search space equation (1) is used for two fully overlapping EPDCCH sets with (a) 2 PRB pairs per EPDCCH set and (b) 4 PRB pairs per EPDCCH set.

Appendix B. Simulation parameters

Common simulation assumptions among the figures 
	System bandwidth
	25RB

	Scheduled DCI type
	DCI format 1A

	Number of ECCEs per PRB pair
	4

	Probability of using each aggregation level
	See [3]


Simulation assumptions for each figure

	Figure 1

	EPDCCH set type
	Distributed EPDCCH set

	N = 2 PRB pairs
	AL
	BD

	
	{1, 2, 4, 8, 16}
	{8, 4, 2, 1, 0}

	N = 4 PRB pairs
	AL
	BD

	
	{1, 2, 4, 8, 16}
	{4, 5, 4, 2, 1}

	Figure 4, Figure 5

	EPDCCH set type
	Localized EPDCCH set

	N1= N2 = 2 PRB pairs
(Same AL/BD for two EPDCCH sets)
	AL
	BD

	
	{1, 2, 4, 8, 16}
	{3, 3, 1, 1, 0}

	N1= N2 = 4 PRB pairs
 (Same AL/BD for two EPDCCH sets)
	AL
	BD

	
	{1, 2, 4, 8, 16}
	{3, 3, 1, 1, 0}

	Figure A-1

	EPDCCH set type
	Distributed EPDCCH set

	N1= N2 = 2 PRB pairs
 (Same AL/BD for two EPDCCH sets)
	AL
	BD

	
	{1, 2, 4, 8, 16}
	{2, 3, 2, 1, 0}

	N1= N2 = 4 PRB pairs
 (Same AL/BD for two EPDCCH sets)
	AL
	BD

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