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1. Introduction
This contribution proposes corrections related to the EPDCCH search space with focusing on the CA case. Corrections for the non-CA case are discussed in the companion paper [1].

2. Discussion
2.1. EPDCCH in carrier aggregation
In [2], an EPDCCH UE-specific search space 
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 is defined and the ECCEs corresponding to EPDCCH candidate m of the search space 
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The above equation (1) has the property that the 
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 candidates are uniformly spread over the possible locations in the search space and the underlying assumption is that the search space schedules only one cell with the number of candidates given by 
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 defined by the corresponding table. If cross-carrier scheduling is configured, the number of candidates should be increased as did in Rel-10 search space equation, and as a result, the parameter 
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 needs to be modified such that it can accommodate all the candidates for the scheduled cells. If the number of EPDCCH candidates, 
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, for different cells are the same, we can simply replace 
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 for the number of scheduled cells 
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Therefore, in cross carrier scheduling, 
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 in (1) and any may use 
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 as did in Rel-10. However, with 
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, the EPDCCH candidates for a cell will not spread evenly over the entire ECCE domain thereby impairing the property of (1). For the EPDCCH candidates for each cell to be distributed over the entire search space domain, 
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. With 
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 used, the candidates for each cell can be interlaced in the ECCE domain. 
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 is the number of scheduled cells and 
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, the scheduled cells will be sorted in ascending order of CIF and indexed from 0 to
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. It should be noted that a cell can be indexed differently from its CIF value depending on whether the cells with smaller CIFs are configured to be cross-scheduled from the same scheduling cell: If 
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 may have inconsecutive numbers and the maximum number of it may exceed the total number of EPDCCH candidates, 
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Fig. 1 shows how EPDCCH candidates can be interlaced when 
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. Compared to using 
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, the candidates for each carrier can be spread over the entire 
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rather than a certain part of it.  It is assumed that 
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Fig 1. Distribution of 6 EPDCCH candidates for CC0 and 6 EPDCCH candidates for CC1 by using two different definitions of m’ 
Proposal 1. If the number of EPDCCH candidates, 
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, for different cells are the same, we can replace 
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 and define 
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such that the candidates for each cell can be interlaced in the ECCE domain.
2.2. The dependency of the number of EPDCCH candidates on scheduled bandwidth
The number of EPDCCH candidates for different cells can be set to different values even though they are for the same aggregation level at the same EPDCCH set. To be specific, when the bandwidth of scheduling cell is different from scheduled cell, the number of EPDCCH candidates for self scheduling and cross scheduling becomes different. This is because, 
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for the scheduled cell of self scheduling and cross scheduling may fall into different category of Cases in Table 9.1.4 in [2] due to the difference in their bandwidth. The following from [2] shows how it depends on the downlink bandwidth. 

-
Case 1 applies 

o
when DCI formats 2/2A/2B/2C/2D are monitored and 
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In cross carrier scheduling, 
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 in above statement should be the bandwidth of each scheduled cell to follow the motivation of maintaining the worst case coding rate of DCI format 2 families depending on the system bandwidth of the scheduled cell.
As an example of such a case, it can be assumed that in fig 1, the bandwidth of CC 0 is smaller than 25 RBs and the bandwidth of CC 1 is greater than or equal to 25 RBs. In FDD, for normal subframes and normal downlink CP, if 
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 and UE is to monitor DCI format 2/2A/2B/2C/2D for both of them, Case 3 applies to the EPDCCH candidates for CC 0 and Case 1 applies for CC 1. According to the Table 9.1.4-2a and Table 9.1.4-1b below, when
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={6,6,2,2,0} for CC 0 and 
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={0,6,6,2,2} for CC 1. At aggregation level 1, 4 and 16, the number of EPDCCH candidates for CC 0 and CC1 is not the same. We also note that a similar situation – different number of candidates at an aggregation level – can occur if the two cells scheduled from a single cell have different transmission modes.
Table 9.1.4-2a: EPDCCH candidates monitored by a UE 
(One Localised EPDCCH-PRB-set - Case1, Case 2)

	
[image: image44.wmf]p

X

N

RB


	Number of PDCCH candidates 
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	Number of PDCCH candidates 
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 for Case 2

	
	L=2
	L=4
	L=8
	L=16
	L=1
	L=2
	L=4
	L=8

	2
	[4]
	[2]
	[1]
	[0]
	[4]
	[2]
	[1]
	[0]

	4
	[8]
	[4]
	[2]
	[1]
	[8]
	[4]
	[2]
	[1]

	8
	[6]
	[6]
	[2]
	[2]
	[6]
	[6]
	[2]
	[2]


Table 9.1.4-2b: EPDCCH candidates monitored by a UE 
(One Localised EPDCCH-PRB-set – Case 3)
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	L=1
	L=2
	L=4
	L=8

	2
	[8]
	[4]
	[2]
	[1]

	4
	[6]
	[6]
	[2]
	[2]

	8
	[6]
	[6]
	[2]
	[2]


Observation 1. In cross-carrier scheduling, the number of EPDCCCH candidates assigned to each cell for the same aggregation level L and EPDCCH set p can be set to different values depending on the bandwidth of each scheduled cell.
2.3. Determination of 
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Therefore, it seems desirable to define how we handle such a case where different number of EPDCCH candidates to be monitored for the scheduled cells. First, we can introduce 
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 , n=0,1,2,…N to denote the number of EPDCCH candidates defined for scheduled cell n at aggregation level L and EPDCCH set p since it is no longer valid to assume 
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 candidates are assigned for all the scheduled cells. Then, the total number of EPDCCH candidates across all of the scheduled cells will be  
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  and 
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 in (1) may be modified to 
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 . However, with such a modification, 
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 cannot be directly applied for the EPDCCH candidates corresponding to each scheduled cells to be interlaced in the ECCE domain if the number of EPDCCH candidates 
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 are not the same for all n. 
One simple approach to resolve this issue is to select one of the scheduled cells according to a certain criteria and assume the number of EPDCCH candidates of which applies to the other scheduled cells as well. For example, we can select a cell with maximum number of EPDCCH candidates such that 
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and set the number of EPDCCH candidates of the other cells to 
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. Thereby the total number of EPDCCH candidates for EPDCCH set p and aggregation level L for N scheduled cells can be defined as 
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. For example, if 
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={6,6,2,2,0} for self scheduling and 
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={0,6,6,2,2} for cross carrier scheduling, the total number of EPDCCCH candidates will be {6*2, 6*2, 6*2, 2*2, 2*2} for L={1,2,4,8,16}. 

To sum up, EPDCCCH candidates for each scheduled cells can be interlaced if
· 
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If we plug 
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 into (1), EPDCCCH candidates corresponding to each scheduled cells at aggregation level L=4 will be depicted as in fig 2, 
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={6,6,2,2,0} for CC 0 and 
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={0,6,6,2,2} for CC 1 is assumed.
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Fig.2 Distribution of 2 EPDCCH candidates for CC0 and 6 EPDCCH candidates for CC1 by using two different definitions of m’
It should be also noted that 
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 null candidates are included for each cell n at aggregation level L. In that case, UE may regard them invalid and skip blind decoding.  In the above example, 4 null candidates for CC 0 exist.
Proposal 2. If the number of EPDCCH candidates for different cells are not the same, we can replace 
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 such that the candidates for each cell can be interlaced in the ECCE domain.
3. Conclusion
The following was proposed from the discussion:
Proposal 1. If the number of EPDCCH candidates, 
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, for different cells are the same, we can replace 
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such that the candidates for each cell can be interlaced in the ECCE domain.
Proposal 2. If the number of EPDCCH candidates, 
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, for different cells are not the same, we can replace 
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 such that the candidates for each cell can be interlaced in the ECCE domain.
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