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1. Introduction

In RAN1 #70bis meeting, progress has been made for ePDCCH set configuration. The following agreement has been reached
Agreement (per CC):

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed. 

However, exact BD splitting on aggregation levels for ePDCCH are to be concluded. In this contribution, we give our views on related aspects based on the current agreement on ePDCCH set configuration.

2. Aggregation levels for ePDCCH 
Agreements and Working Assumptions on aggregation levels agreed in RAN1#70 are shown in Table1:
	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 
	Distributed 
	Localized 
	Distributed 

	2
	2
	1
	1

	4
	4
	2
	2

	8
	8
	4
	4

	16(WA)
	16
	8(WA)
	8

	-
	32(WA)
	-
	16(WA)


Table1
Further on these, we give our views below:
Localized AL=16 for Case A and Localized AL=8 for Case B
For a localized ePDCCH transmission which uses multiple PRB pairs, it is not clear whether these PRB pairs must be contiguous or not. If this is mandated, four PRB pairs for localized ePDCCH must be used for AL=16. Then, it will obviously reduce the frequency-selective scheduling gain when lower AL is used in the same ePDCCH set, e.g. only 2 frequency locations are possible even for N=8.  If the PRBs is not mandated to be contiguous, 2 localized ePDCCH sets do use max four PRB pairs for localized ePDCCH to archive both preceding gain and diversity. 
Distributed AL=32 for Case A and Distributed AL=16 for Case B
Case A: It is unclear if it is necessary to introduce distributed AL=32 for coverage, there are no clear coverage requirement and simulation results and AL=16 may be large enough. Consider the time window lefted, we suggest studying it in Rel-12.
Case B: PDCCH perform better than ePDCCH with the same code rate due to some reason as worse channel estimation accuracy. Thus, at least one aggregation level larger than 8 should be supported. This will also ensure ePDCCH coverage for cases with low number of available REs. We should confirm distributed AL=16 for Case B.
Some more details of aggregation levels supported in an ePDCCH set than Table 1, the following aspects are considered:
(a) Case B should be further divided into Case B1 and Case B2, to distinguish case if eCCE is formed by 4 or 8 eREGs.
(b) For different N values {2, 4, 8} supported AL set need to be specified.
(c) Based on previous agreement, Distributed ePDCCH should use all the N PRB pairs. E.g., if N=8, AL=1 cannot be used for Case B1.
Based on the above considerations, we give the possible AL sets for ePDCCH sets with different N and different case in Table 2 
	
	ALs supported for Case A
	ALs supported for Case B1
	ALs supported for Case B2

	
	Localized
	Distributed
	Localized
	Distributed
	Localized
	Distributed

	N=8
	2,4,8,16
	2,4,8,16
	1,2,4,8
	2,4,8,16
	1,2,4,8
	1,2,4,8,16

	N=4
	2,4,8,16
	2,4,8,16
	1,2,4,8
	1,2,4,8,16
	1,2,4,8
	1,2,4,8

	N=2
	2,4,8
	2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4
	1,2,4


Table 2
Proposal 1:  
Define the aggregation levels applicable for Case A/B with different N values. The table 2 should be adopted on top of table 1. 
3. Aggregation Levels Split 
For Multiple sets, the aggregation level splitting should consider the set type and usage scenarios. Base on the set type, rules of splitting is designed accordingly. 
2 Distributed Set: 
In general, we can assume the set1as Primary D-Set, Set2 as Secondary D-Set, with PRB size N1 and N2 respectively. Although Primary D-Set is UE-specifically configured, it could be shared with group of UEs. Primary D-Set may multiplex more UEs and higher order of diversity, thus the N1 for in general larger or equal than N2. Primary D-Set could be configured with full flexibility of multiplexing. Then full ALs should be supported in Primary D-Set. For Secondary D-Set, it can be shared with L-Sets of other UEs. 
Then, the following is applied in to design:
(a) N1(The number of PRB pair in Primary D-Set)>=N2(The number of PRB pair in Secondary D-Set)
(b) The number of ALs for Primary D-Set >= The number of ALs for Secondary D-Set 
For Primary D-set, UE will be used with higher priority.  The primary set can be configured with PUCCH resource close to bandwidth edge. The Secondary D-set is used in case when higher AL is used or when Primary D-set is blocked. When the Secondary D-set is unused, the configured PUCCH resource can be reused by data.
2 Localized Set:
2 Localized Set can be used for CoMP operation.  We can set different parameters for the 2 set. The parameters including: scrambling sequence initialization, OFDM starting symbol, CRS RE assumption. For simplicity and generalization, N1>=N2.
2 L-Set can support all possible ALs allowable by its N value according to Table2. 
1 Distributed set + 1 Localized set
For this case, localized Set should be Primary Set.  The distributed Set are used for fallback operation. The localized ePDCCH should detect low aggregation level, which is smaller than 1 PRB. Distributed set are used for adversary channel condition or case CSI is no valid. Thus, higher aggregation level is more desirable for it. Then it is consider to:
(a) Allocate low ALs to Localized Set  and allocate distributed Set with high ALs
(b) 1 ePDCCH candidate for all ALs in that localized Set should not exceed 1 PRB.
As example we give AL splitting in Table 3. 
	
	
	 Case A
	Case B1
	Case B2

	
	N1
	N2
	ALs for Set1
	ALs for Set2
	ALs for Set1
	ALs for Set2
	ALs for Set1
	ALs for Set2

	Set1:D
	8
	0
	2,4,8,16
	-
	2,4,8,16
	-
	1,2,4,8,16
	-

	
	4
	0
	2,4,8,16
	-
	1,2,4,8,16
	-
	1,2,4,8
	-

	
	2
	0
	2,4,8
	-
	1,2,4,8
	-
	1,2,4
	-

	Set1:L
	8
	0
	2,4
	-
	1,2,4
	-
	1,2,4
	-

	
	4
	0
	2,4
	-
	1,2,4
	-
	1,2,4
	-

	
	2
	0
	2,4
	-
	1,2,4
	-
	1,2
	-

	Set1 (Primary):D 
Set2 (Secondary):D
	8
	8
	2,4,8,16
	8,16
	2,4,8,16
	8,16
	1,2,4,8,16
	8,16

	
	8
	4
	2,4,8,16
	4,8,16
	1,2,4,8,16
	4,8,16
	1,2,4,8,16
	4,8,

	
	8
	2
	2,4,8,16
	2,4,8
	1,2,4,8,16
	2,4,8
	1,2,4,8,16
	2,4

	
	4
	4
	2,4,8,16
	4,8,16
	1,2,4,8,16
	4,8,16
	1,2,4,8
	4,8,

	
	4
	2
	2,4,8,16
	2,4,8
	1,2,4,8,16
	2,4,8
	1,2,4,8
	2,4

	
	2
	2
	2,4,8
	2,4,8
	1,2,4,8,
	2,4,8
	1,2,4
	2,4

	Set1(Primary):L
Set2(Secondary):L
	8
	8
	2,4,8,16
	2,4,8,16
	1,2,4,8,16
	1,2,4,8,16
	1,2,4,8
	1,2,4,8

	
	8
	4
	2,4,8,16
	2,4,8,16
	1,2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4,8

	
	8
	2
	2,4,8,16
	2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4
	1,2,4

	
	4
	4
	2,4,8,16
	2,4,8,16
	1,2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4,8

	
	4
	2
	2,4,8,16
	2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4

	
	2
	2
	2,4,8
	2,4,8
	1,2,4,8
	1,2,4,8
	1,2,4
	1,2,4

	Set1 (Primary):L
Set2 (Secondary):D
	8
	8
	2,4
	8,16
	1,2,4
	8,16
	1,2
	4,8,16

	
	8
	4
	2,4
	4,8,16
	1,2,4
	4,8,16
	1,2
	4,8,

	
	8
	2
	2,4
	2,4,8
	1,2,4
	2,4,8
	1,2
	2,4

	
	4
	8
	2,4
	8,16
	1,2,4
	8,16
	1,2
	4,8,16

	
	4
	4
	2,4
	4,8,16
	1,2,4
	4,8,16
	1,2
	4,8,

	
	4
	2
	2,4
	2,4,8
	1,2,4
	2,4,8
	1,2
	2,4

	
	2
	8
	2,4
	8,16
	1,2,4
	8,16
	1,2
	4,8,16

	
	2
	4
	2,4
	4,8,16
	1,2,4
	4,8,16
	1,2
	4,8,

	
	2
	2
	2,4
	2,4,8
	1,2,4
	2,4,8
	1,2
	2,4


Table 3
Proposal 2:  
Adopt above rules for 2 Localized Set, 2 Distributed Set and 1 Localized + distributed Set.
4. BD Candidate Split
Base on above AL allocation, BD candidate number can be split into each sets and ALs.  For certain set, each AL can be assigned with a weight factor. Weight factor is decided by N value of the ePDCCH set, type of ePDCCH set, number of eCCE in that ePDCCH set. 2 rules are considered:
(a) In certain ePDCCH set, weight more one lower ALs.
(b) ePDCCH set with larger N is allocated with more or same candidates than ePDCCH set  with smaller N.
The splitting is depicted as following steps:
Step1: Weight factors for different ALs in a set
N PRB pairs; for Case A/Case B1, M=4N; for Case B2, M=2N.
	
	weight factor

	
	Distributed Set
	Localized Set

	AL1
	M/2
	M/2

	AL2
	M/2
	M/4

	AL4
	M/4
	M/4

	AL8
	M/8
	M/8

	AL16
	M/16
	M/16


Step2:  Allocate BD numbers based on weight factor
Single ePDCCH Set:  Supported number of ALis y. The weight factors W1-Wy is from the above lookup table. Each AL is calculated with candidate’s number by: 
For the first AL, Q1=W1/( W1+ W2+…Wy), then floor Q1 to q1; 
For the second AL, Q2=W2/( W1+ W2+…Wy), then floor Q2to q2;
……
For the yth AL, Qy=Wy/( W1+ W2+…Wy), then floor Qy to qy;
Then, it calculate the remaining number of BDs and (Q1-q1), (Q2-q2)…(Qy-qy) and allocate the remaining BDs to ALs with higher (Q-q).
2 ePDCCH Set:  Total number of ALs for ePDCCH set 1 is y1. Total number of ALs for ePDCCH set 2 is y2. Then y1+y2 weight factor is from the above lookup table. Then, the ALs for all the 2 sets are calculated with same procedure as that for Single ePDCCH set, with replacing y to y1+y2.
The following table is given the result of those calculations. For different DCI format sizes, different weight factor table can be used to get more proper performance of that DCI format.
	
	Case A
	Case B1
	Case B2

	N1
	N2
	BD number for Set1
	BD number for Set2
	BD number for Set1
	BD number for Set2
	BD number for Set1
	BD number for Set2

	
	
	2
	4
	8
	16
	2
	4
	8
	16
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	8(D)
	0
	9
	4
	2
	1
	
	
	9
	4
	2
	1
	-
	6
	5
	3
	1
	1
	-

	4(D)
	0
	9
	4
	2
	1
	
	6
	5
	3
	1
	1
	-
	6
	6
	3
	1
	
	-

	2(D)
	0
	4
	4
	2
	
	
	8
	4
	2
	1
	
	-
	4
	2
	1
	
	
	-

	8(L)
	0
	8
	8
	
	
	-
	8
	4
	4
	
	
	-
	8
	4
	4
	
	
	-

	4(L)
	0
	8
	8
	
	
	
	8
	4
	4
	
	
	-
	8
	4
	4
	
	
	-

	2(L)
	0
	4
	4
	
	
	
	8
	4
	4
	
	
	-
	4
	2
	
	
	
	-

	8(D)
	8(D)
	7
	3
	2
	1
	-
	-
	2
	1
	
	7
	3
	2
	1
	-
	-
	-
	2
	1
	5
	5
	2
	1
	1
	-
	-
	-
	1
	1

	8(D)
	4(D)
	6
	3
	2
	1
	-
	2
	1
	1
	5
	4
	2
	1
	1
	-
	-
	1
	1
	1
	5
	5
	2
	1
	1
	-
	-
	1
	1
	-

	8(D)
	2(D)
	6
	3
	2
	1
	2
	1
	1
	
	5
	4
	2
	1
	1
	-
	1
	1
	1
	
	5
	5
	2
	1
	1
	-
	-
	1
	
	-

	4(D)
	4(D)
	6
	3
	1
	1
	
	2
	1
	1
	4
	4
	2
	1
	1
	-
	
	2
	1
	1
	5
	5
	2
	1
	-
	-
	-
	2
	1
	-

	4(D)
	2(D)
	5
	2
	1
	1
	4
	2
	1
	
	4
	4
	2
	1
	1
	-
	2
	1
	1
	
	5
	5
	2
	1
	-
	-
	2
	1
	-
	-

	2(D)
	2(D)
	4
	2
	1
	
	4
	2
	1
	
	3
	3
	2
	1
	
	-
	3
	1
	1
	
	4
	2
	2
	-
	-
	-
	4
	2
	-
	-

	8(L)
	8(L)
	3
	3
	1
	1
	3
	3
	1
	1
	2
	2
	2
	1
	1
	2
	2
	2
	1
	1
	3
	2
	2
	1
	-
	3
	2
	2
	1
	-

	8(L)
	4(L)
	4
	4
	2
	1
	2
	1
	1
	1
	5
	3
	2
	1
	
	2
	1
	1
	1
	
	5
	3
	2
	1
	-
	2
	1
	1
	1
	-

	8(L)
	2(L)
	5
	5
	2
	1
	1
	1
	1
	
	6
	3
	2
	1
	
	1
	1
	1
	1
	
	6
	3
	3
	
	-
	2
	1
	1
	-
	-

	4(L)
	4(L)
	3
	3
	1
	1
	3
	3
	1
	1
	3
	2
	2
	1
	
	3
	2
	2
	1
	
	3
	2
	2
	1
	-
	3
	2
	2
	1
	-

	4(L)
	2(L)
	4
	4
	2
	1
	2
	2
	1
	
	5
	3
	2
	1
	
	2
	1
	1
	1
	
	5
	3
	3
	1
	-
	3
	1
	1
	-
	-

	2(L)
	2(L)
	4
	2
	1
	
	4
	2
	1
	
	3
	2
	2
	1
	
	3
	2
	2
	1
	
	4
	2
	1
	
	-
	4
	2
	1
	-
	-

	8(L)
	8(D)
	6
	6
	-
	-
	-
	-
	3
	1
	7
	3
	3
	-
	-
	-
	-
	-
	2
	1
	7
	3
	-
	-
	-
	-
	-
	3
	2
	1

	8(L)
	4(D)
	6
	5
	-
	-
	-
	3
	1
	1
	7
	3
	3
	-
	-
	-
	-
	1
	1
	1
	9
	4
	-
	-
	-
	-
	-
	2
	1
	-

	8(L)
	2(D)
	6
	5
	-
	-
	3
	1
	1
	-
	7
	3
	2
	-
	-
	-
	2
	1
	1
	
	9
	4
	-
	-
	-
	-
	2
	1
	-
	-

	4(L)
	8(D)
	5
	4
	-
	-
	-
	-
	4
	3
	6
	3
	3
	-
	-
	-
	-
	-
	3
	1
	5
	3
	-
	-
	-
	-
	-
	5
	2
	1

	4(L)
	4(D)
	5
	4
	-
	-
	-
	4
	2
	1
	5
	3
	3
	-
	-
	-
	-
	3
	1
	1
	7
	4
	-
	-
	-
	-
	-
	3
	2
	-

	4(L)
	2(D)
	5
	4
	-
	-
	4
	2
	1
	-
	5
	3
	3
	-
	-
	-
	3
	1
	1
	
	9
	4
	-
	-
	-
	-
	2
	1
	-
	-

	2(L)
	8(D)
	4
	2
	-
	-
	-
	
	8
	2
	4
	3
	3
	-
	-
	-
	-
	-
	4
	2
	3
	2
	-
	-
	-
	-
	-
	6
	3
	2

	2(L)
	4(D)
	4
	2
	-
	-
	-
	6
	3
	1
	5
	2
	2
	-
	-
	-
	-
	4
	2
	1
	4
	2
	-
	-
	-
	-
	-
	5
	3
	-

	2(L)
	2(D)
	4
	2
	-
	-
	6
	3
	1
	-
	5
	2
	2
	-
	-
	-
	4
	2
	1
	-
	4
	2
	-
	-
	-
	-
	2
	1
	-
	-


Table 4
Once numbers of BDs is decided, the candidates’ locations can be determined. 
Proposal 3:  
Define a weight factors table for different ALs and different types of ePDCCH set to split the Blind Decodings.
5. Conclusions
We in this contribution studied the details of splitting Blind Decoding. In general, we should narrow down the possible ALs based on previous agreement first. Then, we should further split ALs into ePDCCH sets. The BD numbers is further split by weight factors to generate the BD tables. We propose:
Proposal 1:  
Define the aggregation levels applicable for Case A/B with different N values. The table 2 should be adopted on top of table 1.
Proposal 2: 

Adopt above rules in section 3 for 2 Localized Set, 2 Distributed Set and 1 Localized + distributed Set.
Proposal 3:
Define a weight factors table for different ALs and different types of ePDCCH set to split the Blind Decodings.
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