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Discussion and decision
1. Introduction
In the RAN1#70bis there were discussions on the split of blind decoding candidates between aggregation levels and sets. The only conclusions from these discussions were that there is no consensus to introduce RRC signalling for configuration selection. This means that we have to fully define how the search space candidates shall be divided between DCI formats, aggregation levels and EPDCCH sets according to a rule in the specification.
There is a companion contribution [1] discussion the aggregation levels. The main outcome of that contribution is that there will be at any instant exactly four aggregation levels available and these aggregations levels are referred to here as Low (L), Medium Low (ML), Medium High (MH) and High (H) independently of the actual numeric value. In addition we are dividing the DCI formats into two groups called “short“ formats 0/1a, 1b, 1c, 1d, 3, 3a and “long” formats 2, 2a, 2b, 2c, and 2d because of the significant difference in size and resulting code rate at a fixed aggregation level.
This contribution discusses how to split the number of candidates for combinations of different sets and DCI formats.
2. Split between DCI formats
From RAN1#70 we have the following decision: 

Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO
This already implies that the configurable format 4 for UL MIMO has 16 blind decodes. We also assume that the Rel-8/9/10 approach of having 16 blind decodes for format 0/1a and the configurable downlink format each is the natural starting point for Rel-11.

Proposal 1: DCI formats 0/1a and any configurable DCI format has 16 blind decodes each.

3. Split between aggregation levels
In Rel-8/9/10 we have for the PDCCH divided the search space candidates between the aggregation levels as (6,6,2,2). This is the starting point also for ePDCCH and should at least be applied when the short DCI formats are used and only one set is configured. 
Proposal 2: When only one ePDCCH set is configured and a short DCI format is used then the available number of candidates for the aggregations level is (6,6,2,2).
Furthermore, when a long DCI format is used, it is in most cases not possible to use the lowest aggregation level because the actual number of REs in the PRB pair is small and leads to very high code rates. In this case it is advantageous to modify the aggregation level distribution by moving the candidates from the lowest aggregation level to higher aggregations in order to still have 16 blind decodes. One potential aggregation distribution for this case is (0,6,6,4).
Proposal 3: When only one ePDCCH set is configured and a long DCI format is used then the available number of candidates for the aggregations level is (0,6,6,4).
4. Split between candidates in ePDCCH sets

The RAN1#70bis meeting made the following decisions on ePDCCH sets:
· 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

Previously RAN1 hase decided that an ePDCCH set can have {2,4,8} number of PRB pairs. In case we have two sets configured we must split the number of search space candidates between the sets. This split must take into account the actual sizes of the sets and split the blind decodes proportionally to the PRB pairs. In the case where the sizes of the sets are very different, like 8 and 2, it is not always possible to split the candidates exactly according to the numbers of PRB pairs and some kind of rounding has to be done.
In addition one could envision a split depending on type (localized or distributed) of the sets. If two sets of the same type are configured the natural starting point is to have a proportional (regarding the number of PRB pairs) but equal split. If, on the other hand, the two sets of different types are configured the split with respect to the types could unequal, or shaped according to the properties of ePDCCHs in the sets. If a localized and a distributed set are configured one could potentially increase the number of high aggregation levels and decrease the number of low aggregation levels for the distributed set and accordingly increase the number of low aggregation levelsand decrease the number of high aggregation levels for localized sets. 
Proposal 4: When two sets of the same type, (LL) or (DD), are configured the blind decodes are split according to the number of PRB pairs in the set.
Proposal 5: When two sets of different type, (DL) or (LD), are configured the blind decodes are split according to the number of PRB pairs as well as the type (D or L).

5. Combining the split between DCI formats and sets

When combining the splits we take into account
· DCI formats

· 2 groups (0/1a,1b,1c,1d,3,3a) and (2,2a,2b,2c) = “short” and “long” formats

· Number and types of sets (D, L), (DD, LL), (DL, LD)

· Combinations grouped in

· Single set

· Two, with same types of sets

· Two, with different types of sets
For each case we use a table that defines the number of aggregation levels for different number of PRB pairs of the sets. We can compress everything into eight cases where some of the cases are defined by a table. Totally we need four tables to accommodate DCI formats and set types. Figure 1 shows how the DCI formats and set types are tied together and also refers to subtables in which the actual split can be found.
	DCI Format type
	Set(s)
	

	Short
	D or L
	(6,6,2,2) for all N

	Short
	DD or LL
	Based on Table 1 and short DCI

	Short
	DL or LD
	Based on Table 2 and short DCI

	Long
	D or L
	(0,6,6,4) for all N

	Long
	DD or LL
	Based on Table 3 and long DCI

	Long
	DL or LD
	Based on Table 4 and long DCI


Figure 1. Table listing the possible combinations of sets and DCI formats
Each table divides the BDs proportionally to the number of PRB pairs in the sets. In addition:

· Table 1 defines a split, which is equal between sets but proportional with respect to N, between the short DCI AGLs (6,6,2,2)

· Table 2 defines an unequal split between the short DCI AGLs (6,6,2,2)

· Table 3 defines a split, which is equal between sets but proportional with respect to N, between the long DCI AGLs (0,6,6,4)

· Table 4 defines an unequal split between the long DCI AGLs (0,6,6,4)
The actual number of blind decoding for the different configuration of sets and the monitored DCI formats are given in tables 2, 3, 4 and 5 below. For example, L1 and L2 defines the number of blind decodes for set 1 and set 2 respectively on the lowest aggregation level. The four tables are shown in Figures 2 and 3 below. In case there are not enough eCCEs in the ePDCCH set to support the indicated number of candidates on a higher aggregation level, the corresponding candidates are skipped. The same holds for the case when the effective code rate of the blind decoding candidate would exceed the pre-defined threshold after removal of the REs used for transmission of other signals. Alternatively, one could move the unused candidates to the lower next aggregation level.
Proposal 6: The split of blind decodes between sets is defined by separate tables for different types of sets and DCI formats.

	Table 1 Split between sets and short DCI according to
the respective set sizes for {LL} or {DD}

	N1
	N2
	L1
	L2
	ML1
	ML2
	MH1
	MH2
	H1
	H2

	8
	8
	3
	3
	3
	3
	1
	1
	1
	1

	8
	4
	4
	2
	4
	2
	1
	1
	1
	1

	8
	2
	5
	1
	5
	1
	2
	0
	2
	0

	4
	8
	2
	4
	2
	4
	1
	1
	1
	1

	4
	4
	3
	3
	3
	3
	1
	1
	1
	1

	4
	2
	4
	2
	4
	2
	1
	1
	1
	1

	2
	8
	1
	5
	1
	5
	0
	2
	0
	2

	2
	4
	2
	4
	2
	4
	1
	1
	1
	1

	2
	2
	3
	3
	3
	3
	1
	1
	1
	1

	Table 2 Split between sets and short DCI according to respective set sizes for two sets with localized and distributed transmission

	N_L
	N_D
	L_L
	L_D
	ML_L
	ML_D
	MH_L
	MH_D
	H_L
	H_D

	8
	8
	4
	2
	4
	2
	0
	2
	0
	2

	8
	4
	5
	1
	5
	1
	1
	1
	1
	1

	8
	2
	6
	0
	6
	0
	1
	1
	1
	1

	4
	8
	2
	4
	2
	4
	0
	2
	0
	2

	4
	4
	4
	2
	4
	2
	0
	2
	0
	2

	4
	2
	5
	1
	5
	1
	1
	1
	1
	1

	2
	8
	1
	5
	1
	5
	0
	2
	0
	2

	2
	4
	2
	4
	2
	4
	0
	2
	0
	2

	2
	2
	4
	2
	4
	2
	0
	2
	0
	2


Figure 2. Split table for short DCI formats

	
Table 3 Split between sets and long DCI according to
the respective set sizes for {LL} or {DD}

	N1
	N2
	L1
	L2
	ML1
	ML2
	MH1
	MH2
	H1
	H2

	8
	8
	0
	0
	3
	3
	3
	3
	2
	2

	8
	4
	0
	0
	4
	2
	4
	2
	3
	1

	8
	2
	0
	0
	5
	1
	5
	1
	3
	1

	4
	8
	0
	0
	2
	4
	2
	4
	1
	3

	4
	4
	0
	0
	3
	3
	3
	3
	2
	2

	4
	2
	0
	0
	4
	2
	4
	2
	3
	1

	2
	8
	0
	0
	1
	5
	1
	5
	1
	3

	2
	4
	0
	0
	2
	4
	2
	4
	1
	3

	2
	2
	0
	0
	3
	3
	3
	3
	2
	2

	Table 4 Split between sets and long DCI according to respective set sizes for two sets with localized and distributed transmission 

	N_L
	N_D
	L_L
	L_D
	ML_L
	ML_D
	MH_L
	MH_D
	H_L
	H_D

	8
	8
	0
	0
	4
	2
	1
	5
	1
	3

	8
	4
	0
	0
	5
	1
	2
	4
	1
	3

	8
	2
	0
	0
	6
	0
	2
	4
	1
	3

	4
	8
	0
	0
	2
	4
	1
	5
	1
	3

	4
	4
	0
	0
	4
	2
	1
	5
	1
	3

	4
	2
	0
	0
	5
	1
	2
	4
	1
	3

	2
	8
	0
	0
	1
	5
	0
	6
	0
	4

	2
	4
	0
	0
	2
	4
	1
	5
	1
	3

	2
	2
	0
	0
	4
	2
	1
	5
	1
	3


Figure 3. Split tables for long DCI formats

5 
Conclusions
This contribution discusses how the number of blind decodes and how the actual candidates shall be split between sets and DCI formats. The following proposals have been made:
Proposal 1: DCI formats 0/1a and any configurable DCI format has 16 blind decodes each.

Proposal 2: When only one ePDCCH set is configured and a short DCI format is used then the available number of candidates for the aggregations level is (6,6,2,2).

Proposal 3: When only one ePDCCH set is configured and a long DCI format is used then the available number of candidates for the aggregations level is (0,6,6,4).
Proposal 4: When two sets of the same type,  (LL) or (DD), are configured then blind decodes are split according to the number of PRB pairs in the set.

Proposal 5: When two sets of different type, (DL) or (LD), are configured the blind decodes are split according to the number of PRB pairs as well as the type (D or L).

Proposal 6: The split of blind decodes between sets is defined by separate tables for different types of sets and DCI formats.
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