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1 Introduction
In RAN1#70, it was agreed to support K ≥ 1 EPDCCH sets configuration in a UE specific manner and the K EPDCCH sets can be configured for only localized transmission, only distributed transmission, or both. To facilitate EPDCCH blind decoding, the search space on the configured K EPDCCH sets needs to be designed which addresses the following three issues:

· Supported aggregation levels (ALs) and the number of EPDCCH candidates for each supported AL
· Number of different AL EPDCCH candidates for each configured EPDCCH set

· Assignment of different AL EPDCCH candidates in one EPDCCH set 
In this contribution, these issues are discussed for the cases there are only localized EPDCCH sets, only distributed EPDCCH sets and both localized and distributed EPDCCH sets configuration, and the related proposals are given. 
2 Supported ALs and the number of candidates for each supported AL
For the supported ALs for EPDCCH, the agreements from the last meeting are shown in Table 1 [1], where NECCE is the number of ECCEs for an EPDCCH, i.e., AL. 

Table 1. Aggregation levels for the supported EPDCCH formats

	EPDCCH formats
	NECCE

	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	
	Localized transmission
	Distributed transmission
	Localized transmission
	Distributed transmission

	0
	2 
	2 
	1
	1

	1
	4
	4
	2
	2

	2
	8 
	8 
	4
	4

	3
	16 
	16 
	8
	8 

	4
	-
	32
	-
	16


When there are only localized EPDCCH sets configured, according to Table 1, there are 4 ALs, which is the same number as for PDCCH. For PDCCH, the number of PDCCH candidates for AL 1, 2, 4 and 8 in the UE-specific search space (USS) are 6, 6, 2 and 2, respectively. Assuming the maximum number of blind decoding for EPDCCH USS is same as PDCCH USS, the number of EPDCCH candidates corresponding to the four supported ALs should be 6, 6, 2 and 2 from lowest to highest AL, which is summarized in Table 2. 
Table 2 Supported ALs and the number of candidates for each AL when there are only localized EPDCCH sets configured 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	NECCE
	2
	4
	8
	16
	1
	2
	4
	8

	Number of candidates
	6
	6
	2
	2
	6
	6
	2
	2


When there are only distributed EPDCCH sets configured, according to Table 1, the supported ALs are 2, 4, 8, 16, 32 or 1, 2, 4, 8, 16 depending on the number of available REs in one PRB pair. ALs 16 and 32 are introduced to maintain the coverage of distributed EPDCCH. For a DCI format, the total number of candidates with different ALs cannot be larger than 6+6+2+2=16. Thus, a procedure to assign the 16 candidates for the five ALs is needed. To reduce the EPDCCH blocking probability, there should be at least two candidates for each AL. Using AL 32 implies that there are a small number of available REs in one PRB pair, e.g., less than 72. This means that the number of available REs for AL 2 is less than the size of one legacy CCE. If further considering the worse performance of distributed EPDCCH compared to PDCCH, AL 2 will not be used as frequently as AL 4. Hence, the number of candidates for AL 2 and AL 4 can be 4 and 6, respectively. The same candidate assignment can also be applied for AL 1, 2, 4, 8, 16. Table 3 summarizes the assignments.
Table 3. Supported ALs and the number of candidates for each AL when there are only distributed EPDCCH sets configured  
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	NECCE
	2
	4
	8
	16
	32
	1
	2
	4
	8
	16

	Number of candidates
	4
	6
	2
	2
	2
	4
	6
	2
	2
	2


When there are both localized and distributed EPDCCH sets configured, the supported ALs for localized transmission and distributed transmission need to be determined. As the main motivation of such configuration is to support the fallback operation using distributed transmission, it is desirable to only support higher ALs for the distributed transmission, which can ensure robust performance of fallback operation. Because the fallback operation should not occur frequently, one candidate for each supported AL of distributed transmission can be assigned. The supported ALs and the corresponding number of candidates are summarized in Table 4.
Table 4. Supported ALs and the number of candidates for each AL when there are both localized and distributed EPDCCH sets configured
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	NECCE
	2
	4
	8
	16
	32
	1
	2
	4
	8
	16

	Number of candidates for localized transmission
	6
	6
	1
	1
	
	6
	6
	1
	1
	

	Number of candidates for distributed transmission
	
	
	
	1
	1
	
	
	
	1
	1


3 Number of different AL candidates for each configured EPDCCH set

Based on the discussion in Section 2, the supported ALs and the maximum number of EPDCCH candidates for each supported AL are given for different cases. However, the actual number of blindly detected candidates may be less which depends on the number of configured EPDCCH sets and the number of PRB pairs of each EPDCCH set. For example, if two distributed EPDCCH sets with  4 PRB pairs each are configured for a UE, the candidates with AL 32 (8 PRB pairs for one candidate) will not be detected. 
When there are multiple EPDCCH sets configured for distributed transmission (or localized transmission, only one EPDCCH set configuration for localized transmission is preferred [2] ), the supported ALs and the number of candidates for distributed transmission proposed in Section 2 need to be assigned on the configured EPDCCH sets. Then UE will know which AL candidates and how many such AL candidates should be detected in each configured EPDCCH set. 
Among the configured multiple EPDCCH sets, it needs to first decide the EPDCCH sets supporting a certain AL L, and then the candidates of such AL are assigned on these EPDCCH sets supporting this AL. A supporting EPDCCH set is defined by that at least one EPDCCH with AL L can be sent in this EPDCCH set. For example, there are four distributed EPDCCH sets. Among these 4 EPDCCH sets, two EPDCCH sets (set 1 and set 2) have size of 4 PRB pairs and other two EPDCCH sets (set 3 and set 4) have size of 8 PRB pairs. Then for aggregation level 32, which need 8 PRB pairs, set 3 and set 4 are the supporting sets. 

The EPDCCH candidate assignment principle is to assign more candidates for the EPDCCH set with more PRB pairs. Concretely, the number of EPDCCH candidates for a certain AL L assigned for an EPDCCH set is related to the ratio of the number of its allocated PRB pairs to the total number of PRB pairs of all the EPDCCH sets i=1,…,T supporting AL L, which is formulated by
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 is the number of sets supporting AL L in all the configured EPDCCH sets.
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4 Assignment of different AL EPDCCH candidates in one set
After determining the number of different AL EPDCCH candidates for one EPDCCH set, the ECCEs in the EPDCCH set for these candidates need to be assigned. Based on the agreement for local ECCE indexing, the ECCEs assignment for different candidates for localized and distributed transmission is discussed in the following sections, respectively.
4.1 Localized transmission in one set
To achieve frequency domain scheduling gain for EPDCCH, for the EPDCCH candidates in each search space, the distribution of the corresponding PRB pairs shall span the configured PRBs, which is illustrated in Figure 1. As shown in Figure 1, where PRB pairs 0, 1, 8, and 9 are configured as a UE’s localized EPDCCH transmission set and the corresponding ECCEs are numbered 0~15. It is further assumed that ALs 1, 2, 4, 8 are supported in this set and the corresponding number of candidates are 6, 6, 2, and 2, respectively. To achieve the different AL candidates’ assignment shown in Figure 1, the rule of EPDCCH candidate arrangement is described in the following. The starting ECCE index n of each EPDCCH candidate with aggregation level L fulfills the requirement n mod L = 0, and the starting ECCE and the following L-1 ECCEs in the set of corresponding ECCEs are arranged for one EPDCCH candidate. 
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Figure 1. Example of different aggregation levels for Q=16 and k=0. 
Based on this rule, for each aggregation level, it would generate multiple potential EPDCCH candidates in the set of corresponding ECCEs. To further reduce the blind decoding complexity, the search space with limited number of EPDCCH candidates for different aggregation level is defined in the set of corresponding ECCEs, i.e., part of the generated potential EPDCCH candidates is selected to form the search space. 

For the relationship between the EPDCCH candidate and the ECCE index, there are the following assumptions,

· The number of the ECCEs corresponding to the configured EPDCCH PRB pairs in an EPDCCH set is 
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The indices of ECCEs arranged for the EPDCCH candidate 
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 is the ECCE spacing of the first ECCE of two EPDCCH candidates with AL 
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 is the first EPDCCH candidate  for AL 
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The location of the first EPDCCH candidate, i.e., 
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, can be configured by higher layer signaling or determined by the C-RNTI in order to ensure that the ECCEs can be efficiently multiplexed when assigned to different users. 
Regarding the EPDCCH resource mapping, each ECCE of an EPDCCH is mapped onto the corresponding PRB pair by 
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 is the number of ECCE in one PRB pair, and 
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 is the index of PRB pair on which the ECCE 
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 is mapped. 
4.2 Distributed transmission in one set
The distributed transmission is that each ECCE of one EPDCCH is mapped onto multiple distributed PRB pairs to achieve frequency diversity. Thus, a set of PRB pairs, in general 4 or 8 PRB pairs, needs to be configured for the distributed transmission in one distributed EPDCCH set. Then the total number of corresponding ECCEs indexed from 0 to 
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 can be obtained based on the configured PRB pairs for the UEs using distributed transmission [3]. 
Due to the similarity between the distributed EPDCCH and PDCCH, the relation between the candidates and CCEs for PDCCH can be reused for EPDCCH, in the case of distributed transmission. The difference is that a set-specific parameter is introduced to determine the starting ECCE index of the first EPDCCH candidate. The ECCEs corresponding to EPDCCH candidate m of the search space 
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 is the EPDCCH set-specific parameter to determine the starting ECCE index of the first EPDCCH candidate in EPDCC set  
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 is the number of EPDCCH candidates to monitor in the given search space. Furthermore, we define,
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 is an EPDCCH set-specific parameter and D is 65537.

The starting ECCE index of the first EPDCCH candidate is determined by the set-specific parameter to randomize the location of EPDCCH candidates in different sets and thereby reduce the blocking probability.  For example, in Figure 2, two UEs, i.e. UE1 and UE2 are configured with the same two EPDCCH distributed sets. If these two UEs have the same starting ECCE index of the first EPDCCH candidates in EPDCCH set 1, they also have the same starting ECCE index of the first EPDCCH candidates in EPDCCH set 2 in case of without set-specific parameter. This causes candidates collision between these UEs in both sets. Hence, a set-specific parameter can be introduced to avoid the above collision. Thus if they have different search space start position in set 0 and set 1, despite they are blocked in set 0,mostly likely, they will not be blocked in set 1
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Figure  2. Example of EPDCCH Set-specific search space start point positions
Therefore, to reduce the EPDCCH blocking probability, it is proposed to introduce an EPDCCH set-specific parameter to ensure different sets to have different search space start positions. For the ECCE to physical resource mapping, the multiplexing between localized and distributed EPDCCHs in the same PRB pair should be considered. A distributed ECCE mapping scheme can achieve this goal, which is described in a companion contribution [3]. 
5 Conclusion
In this contribution, our views on EPDCCH search space design are presented and there are the following proposals:
Proposal 1: The supported ALs and the number of candidates for each supported AL in different cases
Table 5. Supported ALs and the number of candidates for each AL when there are only localized EPDCCH sets configured 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	NECCE
	2
	4
	8
	16
	1
	2
	4
	8

	Number of candidates
	6
	6
	2
	2
	6
	6
	2
	2


Table 6. Supported ALs and the number of candidates for each AL when there are only distributed EPDCCH sets configured 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	NECCE
	2
	4
	8
	16
	32
	1
	2
	4
	8
	16

	Number of candidates
	4
	6
	2
	2
	2
	4
	6
	2
	2
	2


Table 7. Supported ALs and the number of candidates for each AL when there are both localized and

distributed EPDCCH sets configured
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	NECCE
	2
	4
	8
	16
	32
	1
	2
	4
	8
	16

	Number of candidates for localized transmission
	6
	6
	1
	1
	
	6
	6
	1
	1
	

	Number of candidates for distributed transmission
	
	
	
	1
	1
	
	
	
	1
	1


Proposal 2: For the number of different AL EPDCCH candidates for each configured EPDCCH set, the number of EPDCCH candidates for a certain AL assigned for an EPDCCH set is related to the ratio of the number of its allocated PRB pairs to the total number of PRB pairs of all the EPDCCH sets supporting this AL. 
For AL L, the assignment of candidates for supporting EPDCCH set i=1,…,T is given by the following formula:
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· T is the number of supporting EPDCCH sets for AL L in all the configured EPDCCH sets for either localized or distributed transmission.  
· CL  is the number of EPDCCH candidates for AL L.
· Nt   is the number of PRB pairs of supported EPDCCH set t.
· 
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Proposal 3: For assignment of different AL EPDCCH candidates in one EPDCCH set:
For localized transmission in one set
· The starting ECCE index n of EPDCCH candidates with aggregation level L fulfills the requirement n mod L = 0, and the starting eCCE and the following L-1 ECCEs in the set of corresponding ECCEs are arranged for one EPDCCH candidate 

· The indices of ECCEs arranged for the EPDCCH candidate 
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· The number of the ECCEs corresponding to the configured EPDCCH PRB pairs in an EPDCCH set is 
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· The number of EPDCCH candidates in the search space of AL 
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 is the number of potential EPDCCH candidates with AL 
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 is the distance between two EPDCCH candidates with AL 
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For distributed transmission in one set
The relation between the candidates and CCEs for PDCCH is reused for EPDCCH in the case of distributed transmission and an EPDCCH set-specific parameter is introduced to determine the starting ECCE index of the first EPDCCH candidate. The ECCEs corresponding to EPDCCH candidate m of the search space 
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 is the EPDCCH set-specific parameter to determine the starting ECCE index of the first EPDCCH candidate in EPDCC set  
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 is the number of EPDCCH candidates to monitor in the given search space. Furthermore, we define,
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 is an EPDCCH set-specific parameter and D is 65537.
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