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1 Introduction

In the RAN1#70, EPDCCH search space was discussed. Multiple EPDCCH sets and aggregation levels for localized and distributed transmission were agreed. But some details of EPDCCH sets, blind decoding split among EPDCCH sets and search space within each EPDCCH set were not agreed yet.
In this contribution, we discuss the remaining details of EPDCCH set, how to split the blind decoing trials among EPDCCH sets and how to determine EPDCCH candidates within each EPDCCH set. 
2 EPDCCH sets
The following agreements were reached in RAN1#70:
Agreements from RAN1#70:
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6

· The K sets do not have to all have the same value of N

· The total number of blind decoding attempts is independent from K

· The total blind decoding attempts for a UE should be split into configured K ePDCCH sets

· Each ePDCCH set is configured for either localized ePDCCH or distributed ePDCCH

· The K sets consist of KL sets for localized ePDCCH and KD sets for distributed ePDCCH (where KL or KD can be equal to 0), and not all combinations of KL and KD are necessarily supported for each possible value of K

· Details FFS

· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping. 
According to the agreements, UE will blind decode EPDCCH on K EPDCCH sets and each EPDCCH set contains N PRB pairs. N can be different for different EPDCCH sets. In order to simplify the design and to reduce the test effort, to downselect value of K and N is essential.  The smaller number of K and smaller number of K choices simplify the design and reduce the test effort because the number of BD trials needs to be shared differently in different number of K. Other parameters selections/combinations are also reduced by smaller number of K. The merits of larger K like easy network configuration with sufficient EPDCCH sets can be realized by supporting larger N. In addition, EPDCCH sets are per UE configuration. At the cell/TP level, differentiation of EPDCCH sets among UEs makes the similar effect as larger K. Therefore, we propose to limit K to 2. Within K sets,  KL and KD have following combinations: { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
Within each EPDCCH set, we prpose N={2, 4, 8}. N=1 with large K for localized transmission was commented in the last meeting. But as described above, large N and small K realize simialr effect. Therefore, N=1 is not necessary. N=16 is also not necessary for distributed transmission. N=8 has enough frequency diversity. The ratio of blocking among UEs also can be controlledby allocating different EPDCCH sets for different UEs.N=2 is suitable for narrow band case
Proposals:

· K=2. KL and KD have following combinations: { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N={2, 4, 8} 
3 Blind decoding trials
3.1 Split of blind decoding trials among different DCI formats and among different aggregation levels
The following agreements were reached in RAN1#70:
Agreement from RAN1#70: 

· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

According to the agreement, localized transmission has aggregation level {2, 4, 8, 16} for normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) and {1, 2, 4, 8} for other cases. There are two options of deciding the number of candidates of each aggregation level for localized trnamsmission. Option 1 is to be the same as Rel.8 PDCCH. Option 2 is to depend on DCI format. Table 1 shows two options of determining the number of candidates of each aggregation level for localized transmission. If DCI format 2x family or DCI format 4 is assumed to be used for TM specific DCI, the DCI payload size of TM specific DCI is much larger than DCI 0/1A. So it is more reasonable to use higher aggregation levels for TM specific DCI than for DCI 0/1A. Therefore, we propose Option 2 (DCI dependent) in Table 1 to determine the number of EPDCCH candidates for each aggregaton level for localized transmission

Table 1. Number of EPDCCH candidates for each aggregation level (localized transmission)
	
	AL
	AL
	Option1

(same as rel.8 PDCCH)
	Option2
Depending on the DCI type

	
	
	
	For both DCI 0/1A and TM specific DCI
	DCI 0/1A
	TM specific DCI 

	0
	1
	2
	6
	6
	0

	1
	2
	4
	6
	6
	6

	2
	4
	8
	2
	2
	6

	3
	8
	16
	2
	2
	4


According to the agreement, distributed transmission has aggregation level {2, 4, 8, 16, 32}  for normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) and {1, 2, 4, 8, 16}for other cases. Similar as localized transmission, there are two options to determine the number of candidates. One is to have the same number of candidates of each aggregation level for both DCI 0/1A and TM specific DCI; the other is determine the number of candidates of each aggregation level depending on DCI format. Table 2 shows the two options of determining the number of EPDCCH candidates for each aggregation for distributed transmission. Option 2 in Table 2 is preferred 
Table 2. Number of EPDCCH candidates for each aggregation level (distributed transmission)
	
	AL
	AL
	Option1


	Option2

Depending on the DCI type

	
	
	
	For both DCI 0/1A and TM specific DCI
	DCI 0/1A
	TM specific DCI 

	0
	1
	2
	4
	6
	0

	1
	2
	4
	4
	6
	6

	2
	4
	8
	4
	2
	6

	3
	8
	16
	2
	2
	2

	4
	16
	32
	2
	0
	2


Proposals:

· The number of EPDCCH candidates for each aggregation level depends on DCI format.

3.2 Split of blind decoding trials among EPDCCH sets

This section discusses the split of blind decoding trials among EPDCCH sets when multiple EPDCCH sets are configured. As we proposed in Section 2, at most two EPDCCH sets can be configured (K=2). We also proposed in Section 3.1 that the number of candidates should depend on DCI format. Therefore, DCI format 0/1A candidates can be split between EPDCCH set 1 and EPDCCH set 2. There are two configurations as shown in Table 3-A and Table 3-B. EPDCCH set 1 is more shared by many UEs, so distributed transmission is more suitable for EPDCCH set 1. Therefore, higher aggregation levels candidates (aggregation level 4 and 8) are located in EPDCCH set 1. EPDCCH set 2 is more UE specific set, so EPDCCH set 2 can be localized or distributed transmission. In case that blocking needs to be avoided in EPDCCH set 1 among multiple UEs, Table 3-A can be configured. In case that more localized transmission with EPDCCH set 2 is needed, Table 3-B can be configured. The choices of table 3-A or 3-B are RRC configuration.
Table 3-A. Configuration 1 for DCI format 0/1A candidates
	
	AL
	EPDCCH set 1 
	EPDCCH set 2

	
	
	
	

	0
	1
	4
	2

	1
	2
	4
	2

	2
	4
	2
	0

	3
	8
	2
	0

	4
	16
	0
	0

	total
	
	12
	4


Table 3-B. Configuration 2 for DCI format 0/1A candidates
	
	AL
	EPDCCH set 1 
	EPDCCH set 2

	
	
	
	

	0
	1
	2
	4

	1
	2
	2
	4

	2
	4
	2
	0

	3
	8
	2
	0

	4
	16
	0
	0

	total
	
	8
	8


Table 4-A and Table 4-B show the two configurations of split of BD trials for TM specific DCI format candidates between EPDCCH set 1 and EPDCCH set 2. Same as Table 3-A and Table 3-B, Table 4-A can be used to avoid blocking in the shared EPDCCH set, i.e. EPDCCH set 1; Table 4-B can be used to have more localized candidates within EPDCCH set 2. Choosing Table 4-A or Table 4-B is RRC configuration.
Table 4-A. Configuration 1 for TM specific DCI format candidates
	
	AL
	EPDCCH set 1 
	EPDCCH set 2

	
	
	
	

	0
	1
	0
	0

	1
	2
	4
	2

	2
	4
	4
	2

	3
	8
	2
	0

	4
	16
	2
	0

	total
	
	12
	4


Table 4-B. Configuration 2 for TM specific DCI format candidates
	
	AL
	EPDCCH set 1 
	EPDCCH set 2

	
	
	
	

	0
	1
	0
	0

	1
	2
	2
	4

	2
	4
	2
	4

	3
	8
	2
	0

	4
	16
	2
	0

	total
	
	8
	8


Proposals:

· Split of blind decoding trials for DCI format 0/1A and TM specific DCI format candidates are configured by RRC independently
4 Search space within each EPDCCH set
The following was agreed in RAN1#70 to determin PUCCH resources for EPDCCH:
Agreements from RAN1#70:

· Lowest eCCE index of the corresponding EPDCCH is a component of PUCCH resource determination

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set; eCCE is indexed per EPDCCH set
According to the agreement, eCCE is indexed per EPDCCH set for PUCCH resource. In order to align with PUCCH design, eCCE for the EPDCCH search space should also be indexed per EPDCCH set. According to the agreement in RAN1#70, one EPDCCH set is configured for either localized EPDCCH or distributed EPDCCH. Therefore, eCCE is indexed separately for localized and distributed EPDCCH within each EPDCCH set.
Proposals:

· eCCE is indexed per EPDCCH set in EPDCCH search space design.
4.1 EPDCCH set supporting distributed transmission

The method to determin legacy PDCCH search space can be basically reused with some improvements.
The total number of eCCE in a EPDCCH set 
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The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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 is defined by a set of PDCCH candidates. 
For each EPDCCH set on which EPDCCH is monitored, 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 in the given search space. 
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 is determined by the blind decoding trial split mentioned in section 3.2.
Above are basic part of the equation. We think following points are worth to discuss further.

· The relation of the initial CCE index betwen TM specific DCI and DCI 0/1A.

· The relation of the different aggregation levels
By ensuring not to overlap between different aggregation level and different DCI format, the self blocking may be improved.
4.2 EPDCCH set supporting localized transmission
The same method as in section 4.1 can be used basically. The difference is that m is continguous in distributed EPDCCH, but in order to allocate localized EPDCCH candidates in different PRB pairs to achieve frequency scheduling gain, m should not be continguous. 
We propose 
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 is the number of eCCEs within one PRB pair; 
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. L=0.1 for EPDCCH set size is 2. L=1 for EPDCCH set size is 4. L=2 for EPDCH set size is 8.
5 Summary

This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· K=2. KL and KD have following combinations: { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N={2, 4, 8} 
· The number of EPDCCH candidates for each aggregation level depends on DCI format.

· Split of blind decoding trials for DCI format 0/1A and TM specific DCI format candidates are configured by RRC independently
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