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1 Introduction
In RAN1#70, there were the following agreements for the EPDCCH resource configuration: 

Agreements:
· 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. 
In this contribution, our views on the size of EPDCCH set and the value of K, KL, KD are presented, and an EPDCCH resource allocation scheme is proposed. 
2 Size of an EPDCCH set

Based on the agreement, an EPDCCH set is defined as a group of N PRB pairs. The working assumption on the value of N is {1 for localized (FFS), 2, 4, 8, 16 for distributed (FFS)}. As an EPDCCH is transmitted in one EPDCCH set, an EPDCCH transmission would require 4 or 8 PRB pairs when the aggregation level (AL) is 16 or 32 (assuming 4 ECCEs per PRB pair). Hence, N=4 and N=8 should be supported. For small system bandwidths, e.g., 6 PRBs, in order to support distributed EPDCCH transmission and ensure the efficiency of resource usage for PDSCH, N=2 is a good candidate to include. For large system bandwidths, N=2 should not be included because there are enough PRB pairs, and the configuration 
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 can provide more frequency diversity gain.
For the case N=1 for localized transmission, it cannot support aggregation levels 4 (extended CP), 8 and 16 and achieve frequency scheduling gain for aggregation levels 1, 2 and 4 within one set. Compared to the distributed EPDCCH transmission, the localized transmission does not spread the EPDCCH over all the PRB pairs in a configured set, and therefore from EPDCCH resource efficiency point of view there is no difference between N=1 and other values. To reduce the test case and simplify the EPDCCH resource configuration, N=1 for localized transmission is not needed. 
Regarding N=16 for distributed transmission, there may be more frequency diversity gain compared to N=4 and N=8; however, the additional frequency diversity gain would be marginal assuming all the PRB pairs in one EPDCCH set are distributed across the whole bandwidth. In addition, all the 16 PRB pairs could not be used for PDSCH even if only one distributed EPDCCH with high aggregation level, e.g. 4, is transmitted on the 16 PRB pairs, which degrades the resource efficiency. Hence, N=16 for distributed transmission should not be supported.
Proposal 1: N=2, 4, 8 PRB pairs in one EPDCCH set is supported for both localized and distributed transmission.  

3 Value of K, KL, KD
Based on the agreements, K EPDCCH sets can be configured for only localized transmission, or only distributed transmission or both, and the maximum number of K is selected among 2, 3, 4 and 6. The required EPDCCH sets for localized and distributed transmissions are discussed respectively according to the characteristics of localized and distributed EPDCCH. 
Given 4 ECCEs in one PRB pair and the supported aggregation levels 1, 2, 4, 8 and 16 for localized transmission, an EPDCCH will be transmitted in 1 (ALs 1, 2 and 4), 2 PRB pairs (AL 8) and 4 PRB pairs (AL 16). As the unused PRB pairs within an EPDCCH set can be allocated for PDSCH, one EPDCCH set is sufficient for localized transmission and all the EPDCCH candidates with different aggregation levels can be defined in the set with N=2, 4 or 8 PRB pairs which depends on the number of EPDCCH candidates, frequency scheduling gain, etc. 
However, for distributed transmission, an EPDCCH may be distributed over all the PRB pairs in an EPDCCH set to achieve frequency diversity, and therefore all the unused resource elements cannot be used for PDSCH even if there is only one distributed EPDCCH in the EPDCCH set. In case only one EPDCCH set is configured for the distributed transmission, if the number of PRB pairs in a set (i.e., N) is too large, there would be many unused resource elements when the number of distributed EPDCCH is small, which results in resource waste. If N is small, EPDCCH blocking problem will be serious when there is a large number of distributed EPDCCH. To reduce the resource waste and potential blocking, multiple EPDCCH sets configuration for the distributed transmission is supported, and most configured EPDCCH sets are preferred to have a small value of N. Regarding the small value of N, N=4 is a typical value because four order frequency diversity can be achieved. 
For multiple EPDCCH sets configuration only for the distributed transmission, it is proposed that maximum number of EPDCCH sets is 4, where two EPDCCH sets can be configured with small value of N, e.g., N=4, and two sets are configured with N=8 PRB pairs. The two EPDCCH sets with small value of N are utilized to optimize the resource efficiency and the EPDCCH blocking problem by defining the search space of aggregation levels 1, 2, 4, 8 and16 (normal CP) on these two EPDCCH sets. As the EPDCCH sets are semi-static configured by higher layer signaling, it is needed to assign two EPDCCH sets with N=8 PRB pairs to support two candidates with AL 32 which may be needed in some subframes to ensure coverage, e.g., the number of available REs in one PRB pair is less than 72. The candidates of AL 16 can also be arranged on the set with N=8 PRB pairs. When both localized and distributed EPDCCH sets are configured, the candidates with high aggregation levels can be assigned to both localized EPDCCH set and distributed set, e.g., there is only one candidate with aggregation level 32 for distributed transmission. In this case, only one EPDCCH with N=8 PRB pairs is needed and the maximum number of distributed sets is 3. Considering one localized EPDCCH set, the maximum number for K is 4 when both localized and distributed sets are configured. An additional benefit of the EPDCCH set for aggregation level 16 and 32 is the reduction of PUCCH ACK/NACK resource reservation corresponding to this EPDCCH set, e.g. there are only two ACK/NACK resources reserved for the EPDCCH set with N=8 PRB pairs because there are up to two EPDCCH candidates.
Proposal 2:  KL=1, the maximum number for KD is 4 and the maximum number for K is 4.
4 Resource allocation for EPDCCH set

It is agreed that the resources for EPDCCH are configured by higher layer signaling and the group of N PRB pairs in each EPDCCH set is indicated. However, the details of the signaling on the PRB pairs of each set are FFS [1]. 
As there is no a specific way to indicate the PRB pairs used for EPDCCH transmission within the PDSCH region, in order to alleviate the scheduling complexity of eNB, it is desirable that the resource allocation scheme for EPDCCH is compatible with that of PDSCH. A new resource subset for EPDCCH is defined as the basic resource allocation unit of EPDCCH set, i.e., an EPDCCH set consists of one or more EPDCCH subsets. The size of EPDCCH subset is defined in Table 1. 
An example for 10MHz system bandwidth is shown in Figure 1. For 10MHz, there are 16 RBGs and each RBG group consists of 4 RBGs which are every four RBGs starting from RBG #0 (or 1, 2, 3), so there are 4 RBG groups. Based on Table 1, the size of EPDCCH subset is 4 PRBs for 10 MHz. In each EPDCCH RBG group, there are 3 EPDCCH subsets as there are 3 PRBs in one RBG. Taking EPDCCH subset #0 as an example, EPDCCH RBG group 1 consists of RBG #0, #4, #8, #12, and EPDCCH subset #0 consists of the first PRB of RBG #0, #4, #8, #12. For small bandwidths, there are fewer available PRBs pairs, thus the number of PRBs per EPDCCH subset will be 2 to provide smaller scheduling granularity. The detailed configuration is listed in Table 1. 

Table 1. EPDCCH Subset Size vs. Downlink System Bandwidth
	System Bandwidth (RB)
	subset Size (RB)
	Number of subset per RBG groups/ RBG size
	Number of RBG groups

	6
	2
	1
	3

	15
	2
	2
	3

	25
	2
	2
	6

	50
	4
	3
	4

	100
	4
	4
	6
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Figure 1. Illustration of EPDCCH subset definition
In Figure 1, each EPDCCH subset consists of 4 PRBs, and one or multiple EPDCCH subsets can be configured to generate an EPDCCH set. For the EPDCCH set with N=8 PRB pairs for localized transmission, the EPDCCH subsets with consecutive PRBs, e.g., EPDCCH subset #0 and #1, can be configured. In this case, for aggregation level 8, one EPDCCH candidate is mapped onto two consecutive PRBs and different EPDCCH candidate is mapped onto other two consecutive PRBs, which can provide frequency scheduling gain. For the EPDCCH set with N=8 PRB pairs for distributed transmission, the subsets from different RBG groups such as EPDCCH subset #0 and #6, can be configured, and therefore the 8 PRB pairs in the EPDCCH set are distributed to provide sufficient frequency diversity gain.

Regarding the signaling of EPDCCH set, it can be performed by indicating the allocated EPDCCH subsets. According to the EPDCCH subset definition, the related signaling can be formulated by the following two parts: 
· Bitmap to indicate the allocated EPDCCH RBG group(s)

· Bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s) (the bitmap is common for all the indicated EPDCCH RBG group(s))
For example, the indication for a localized EPDCCH set is “1000 110”, where “1000” indicates that the allocated EPDCCH subsets are from EPDCCH RBG group 1 and “110” indicates that EPDCCH subset #0 and #1 in the EPDCCH RBG group 1 are configured for the EPDCCH set.

The signaling overhead varies according to the system bandwidth, see in Table 2. The proposed EPDCCH resource allocation scheme significantly reduces the signaling overhead compared to full PRB bitmap scheme especially for wider bandwidth.

Table 2. Signaling overhead vs. Downlink System Bandwidth
	System Bandwidth(RB)
	Overhead(bit)

	
	

	6
	4

	15
	5

	25
	8

	50
	7

	100
	10


Proposal 3:  Define EPDCCH subset as the basic resource allocation unit for EPDCCH set and each EPDCCH subset consists of 2 or 4 PRBs from different RBGs.
Proposal 4: The signaling of an EPDCCH set includes:
· Bitmap to indicate the allocated EPDCCH RBG group(s)

· Bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s) (the bitmap is common for all the indicated EPDCCH RBG group(s)) 
5 Conclusion
Based on the discussions, there are the following proposals: 

Proposal 1: N=2, 4, 8 PRB pairs in one EPDCCH set is supported for both localized and distributed transmission.  

Proposal 2:  KL=1, the maximum number for KD is 4 and the maximum number for K is 4.
Proposal 3: Define EPDCCH subset as the basic resource allocation unit for EPDCCH set and each EPDCCH subset consists of 2 or 4 PRBs from different RBGs.
Proposal 4: The signaling of an EPDCCH set includes:
· Bitmap to indicate the allocated EPDCCH RBG group(s)

· Bitmap to indicate the EPDCCH subset(s) in the allocated EPDCCH group(s) (the bitmap is common for all the indicated EPDCCH RBG group(s)) 
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