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1. Introduction

In RAN1 #70 meeting, multiple ePDCCH set scheme has been discussed, the following agreement is reached: 

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. 

Note that excessive configurations should be avoided. 

Note that the details of the second subbullet are dependent on the conclusions on eREG definition. 

Note that it may be possible to forbid certain combinations of N and K

Note that the used values of N and K may depend on the system bandwidth.

In this contribution, we give our views on ePDCCH resource set configuration.
2. ePDCCH Set configuration
2.1   Configuration of K, N, and ePDCCH Set type 
Large number and independent value of K would result in excessive or unnecessary configurations. Combination will be further increased by the agreed scope of N values and further splitting K for distributed and localized search space. This can be mitigated by joint coding of K, D/L, and N. Considering the limit of blind decoding and resource allocation, some extreme configuration is not needed and should be excluded from combination. 
For eCCE could have 4 or 8 eREGs, depend on subframe. Then, the corresponding N and K should be different to optimize, some examples are shown in Table1 and 2: 
· For Subframe set A (eCCE = 4 eREGs)
K and N and ePDCCH set Type can be jointly coded by the Table 1. 
	
	Set 1
	Set 2
	Set 3

	K=1
	D, N= m
	-
	-

	K=2
	D, N= m
	L,   N=m
	-

	K=2
	D, N= m
	D,  N=m
	

	K=2
	D, N= m
	D,  N=2m
	

	K=3
	D, N= m
	L,   N=m
	L, N=2m

	K=3
	D, N= m
	L,   N=m
	L, N= m


                                                  Table 1 Example of K,N,Set type configuration for subframe set A

The m can be 2 or 4,  can be determined by bandwidth and RRC.
	BW > P MHz
	m   = 2 or 4 (RRC configuration)

	BW ≤ P MHz
	          m  = 2


                                                           Table 2 Values of m and BW
With wider system bandwidth, m can be 2 or 4. For small bandwidth, m can be fixed 2.

· For Subframe set B(eCCE = 8 eREGs )

In this case, K and N and ePDCCH set Type can be jointly coded by the Table 2.
	
	Set 1
	Set 2
	Set 3

	K=1
	D, N = n
	-
	-

	K=2
	D, N = n
	L,  N=n
	-

	K=2
	D, N = n
	D, N= n
	

	K=2
	D, N =  n/2
	D, N= n
	

	K=3
	D, N= n
	L,  N=n
	L, N=n

	K=3
	D, N = n/2
	L,  N=n/2
	L, N=n


                                                        Table 3 Example of K,N,Set type configuration for subframe set B

The n is determined by:
	BW > Q1 MHz
	n   =2, 4 or 8 (RRC configuration) 

	Q2 <BW ≤ Q1 MHz
	          n  = 2,4 (RRC configuration)

	BW ≤ Q2 MHz
	          n  = 2


                                                           Table 4 Values of n and BW

Note:  Using only 1 PRB does not have strong use case, so the N=n/2 only apply for n >= 4 cases.
With wider system bandwidth, n can be flexibly configured to 2, 4 or 8.  In middle bandwidth, n can be 2 or 4. For small bandwidth, n can be fixed 2.
With illustrated configuration, following consideration is recommended for resource set design.

· Maximum K value should be around 3, to avoid excessive overhead.
· K=1 only support Distributed transmission.
· K=2 can support 2 Distributed Set, high AL and low AL can be separated to increase resource utilization. 
· K=2 also support 1 localized Set and 1 distributed Set, for BF and for fallback set, respectively.
· K=3 should support 2 Localized Set, to achieve AL=8 for localized transmission and ensure the frequency selectivity gain.
· If localized set configured, distributed set is mainly for fallback. Then, the L+2D and 2L+2D configuration does not have strong use case. 
· N value should be adjustable based on bandwidths. For narrow band, the N should be fixed 2.
· 2 set of N and K should be considered for cases of eCCE=4eREGs and eCCE=8eREGs, respectively. 
Proposal 1:  

· RRC signaling jointly encoded K, N and the ePDCCH set type.
· 2 set of N and K should be considered for cases of eCCE=4eREGs and eCCE=8eREGs, respectively. 
· The Maximum value for K is 3.
2.2 PRB index indication for ePDCCH set
Considering sets can be non-overlapping, fully overlapping, partially overlapping, bitmap is one choice. To further reduce the overhead, compact solution can be introduced. 
Set1, 2:  N non-contiguous PRB pairs, each PRB use
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 bits.
Set3:  With the N/2 PRB pairs been indicated by above, the other N/2 PRB pairs next to the indicated PRB pairs. This can form into N/2 cluster of PRB pairs.  It will be better for localized transmission, since it support high aggregation levels.
Proposal 2:  
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 bits are used to indicate each PRB. All or partial PRB pairs in the set are indicated. The not indicated PRB pairs should be next to the indicated PRB pairs to support high ALs for localized transmission.
2.3 Aggregation Level for ePDCCH set
For localized and distributed transmission, agreed aggregation levels supported for EPDCCH are:

	

	Normal subframes and special subframes, configuration 3, 4, 8, with 
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 and using normal cyclic perfix (Case A)
	All other cases(Case B)

	Localized transmission
	Distributed transmission
	Localized transmission
	Distributed transmission

	2
	2
	1
	1

	4
	4
	2
	2

	8
	8
	4
	4

	16(WA)
	16
	8(WA)
	8

	-
	32(WA)
	-
	16(WA)


                                                                                        Table 5 

For localized transmission, aggregation level 16 for case A and 8 for case B does not show strong use case. 
Fro distributed transmission, AL=32 for case A and AL=16 for case B need consider capability of N values.  For small N values, it is not possible.
Proposal:  
· AL=32 for case A and AL=16 for case B should be supported
· Aggregation level 16 for case A and 8 for case B should be FFS.
For multiple PRB set, we can use partial ALs for each set to reduce the blocking probability. Examples are shown as following tables.  Note that entries for distributed or localized set are in same color as that for table 1/3.
· For Subframe case A (eCCE = 4个eREGs)

	
	
	Set 1
	Set 2
	Set 3

	K=1
	m=4
	Case1:AL={1,2,4,8,16}
	Null
	Null

	
	
	Case2:AL={2,4,8,16}
	
	

	
	m=2
	Case1:AL={1,2,4,8}
	
	

	
	
	Case2:AL={2,4,8}
	
	

	K=2
	m=4
	Case1:AL={4,8,16}
	Case1:AL={1,2,4}
	Null

	
	
	Case2: AL={4,8,16}
	Case2: AL={2,4}
	

	
	m=2
	Case1:AL={4,8}
	Case1: AL={1,2,4}
	

	
	
	Case2: AL={4,8}
	Case2: AL={2,4}
	

	K=2
	m=4
	Case1:AL={1,2}
	Case1:AL={4,8,16}
	Null

	
	
	Case2:AL={2}
	Case2:AL={4,8,16}
	

	
	m=2
	Case1:AL={1,2}
	Case1:AL={4,8}
	

	
	
	Case2:AL={2}
	Case2:AL={4,8}
	

	K=2
	m=4
	Case1:AL={1,2}
	Case1:AL={4,8,16}
	Null

	
	
	Case2:AL={2}
	Case2:AL={4,8,16,32}
	

	
	m=2
	Case1:AL={1,2}
	Case1:AL={4,8,16}
	

	
	
	Case2: AL={2}
	Case2: AL={4,8,16}
	

	K=3
	m=4
	Case1:AL={4,8,16}
	Case1:AL={1,2,4}
	Case1:  AL={8} 

	
	
	Case2: AL={4,8,16}
	Case2: AL={2,4}
	Case2: AL={8}

	
	m=2
	Case1:AL={4,8}
	Case1: AL={1,2,4}
	Case1: AL={8}

	
	
	Case2: AL={4,8}
	Case2: AL={2,4}
	Case2: AL={8}

	K=3
	m=4
	Case1:AL={4,8,16}
	Case1: AL={1,2,4}
	Case1: AL= {8}

	
	
	Case2:AL={4,8,16}
	Case2:AL= {2,4}
	Case2: AL={8}

	
	m=2,
	Case1:AL={4,8}
	Case1: AL={1,2,4}
	Case1: AL= {8}

	
	
	Case2: AL={4,8}
	Case2: AL={2,4}
	Case2: AL= {8}


Table 6 AL for each ePDCCH set, Subframe set A
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 denote the available REs in a PRB pair
· For Subframe case B (eCCE = eREGs)

	
	Set 1
	Set 2
	Set 3

	K=1
	n=8:
	AL={1,2,4,8,16}
	Null
	Null

	
	n=4:
	AL={1,2,4,8}
	
	

	
	n=2:
	AL={1,2,4}
	
	

	K=2
	n=8:
	AL={4,8,16}
	AL={1,2}
	Null

	
	n=4:
	AL={4,8}
	AL={1,2}
	

	
	n=2:
	AL={4}
	AL={1,2}
	

	K=2
	n=8:
	AL={4,8,16}
	AL={1,2}
	Null

	
	n=4:
	AL={4,8}
	AL={1,2}
	

	
	n=2:
	AL={4}
	AL={1,2}
	

	K=2
	n=8:
	AL={1,2}
	AL={4,8,16}
	Null

	
	n=4:
	AL={1,2}
	AL={4,8}
	

	K=3
	n=8:
	AL={4,8,16}
	AL={1,2}
	AL={4}

	
	n=4:
	AL={4,8}
	AL={1,2}
	AL={4}

	
	n=2:
	AL={2,4}
	AL={1,2}
	AL={4}

	K=3
	n=8:
	AL={4,8}
	AL={1,2}
	AL={4}

	
	n=4:
	AL={2,4}
	AL={1,2}
	AL={4}


                                                           Table 7 AL for each ePDCCH set, Subframe set B 

In designing the resource sets, it is recommended to achieve some properties. 
-  Each set have continues ALs, e.g. {1,2} {1,2,4} {2,4,8} {4,8,16}.
-  2 Sets of same type should have different ALs. 

-  If K>=1 and both set exist, Distributed Set is for higher ALs, and Localized Set is for lower ALs. 
Proposal 3:    Configuring different ALs for different PRB set.
2.4 Candidates allocation
Each size of DCI requires 16 blind decoding.  For different DCI formats, 16 candidates should be same. The candidates need to be allocated to each aggregation level of PRB sets.  This could be done by higher layer signaling. For certain UE, the candidates can be allocated based on its DCI size and geometry. 
Propos 4: Each Aggregation Level of PRB set should be configured with the number of candidates by higher signaling. 
3 Conclusions

We in this contribution studied the ePDCCH set configuration. Our proposal is:

Proposal 1:  

· RRC signaling jointly encoded K, N and the ePDCCH set type.

· 2 set of N and K should be considered for cases of eCCE=4eREGs and eCCE=8eREGs, respectively. 

· The Maximum value for K is 3.
Proposal 2:  
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 bits are used to indicate each PRB. All or partial PRB pairs in the set are indicated. The not indicated PRB pairs should be next to the indicated PRB pairs to support high ALs for localized transmission.

Proposal 3: Configuring different ALs for different PRB set.

Propos 4: Each Aggregation Level of PRB set should be configured with the number of candidates by higher signaling.  
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