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1 Introduction 

In RAN1 #70bis, the ECCE to EREG mapping for EPDCCH was discussed and the following agreements were reached: 
· Agreement:
· eREGs are grouped eREG group #0 {eREG#0,4,8,12}, eREG group #1 {eREG#1,5,9,13}, eREG group #2{eREG#2,6,10,14}, eREG group #3 {eREG#3,7,11,15} in EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set.

· When an eCCE is formed by 4 eREGs, an eCCE is formed by an eREG group.

· When an eCCE is formed by 8 eREGs, an eCCE is formed by two eREG groups.

· two eREG groups are eREG group #0/2 and eREG group #1/3

· Note that in the distributed case the EREGs are located as much as possible in different PRB pairs – precise wording to be prepared offline.

· Note that the concept of EREG group is not needed in the specification, e.g. as follows:

· When an eCCE is formed by 4 eREGs, eREGs are grouped eREG group #0 {eREG#0,4,8,12}, eREG group #1 {eREG#1,5,9,13}, eREG group #2{eREG#2,6,10,14}, eREG group #3 {eREG#3,7,11,15} in EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set.

· When an eCCE is formed by 8 eREGs, eREGs are grouped eREG group #0 {eREG#0,2,4,6,8,10,12,14}, eREG group #1 {eREG#1,3,5,7,9,11,13,15}, regardless of distributed EPDCCH set or localized EPDCCH set.

Besides, the numbers of N and K for EPDCCH set have been narrowed down as follows: 

· 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 (check on Thur). 
· Conclusion: No consensus to introduce RRC signalling for configuration selection. 

Based on the latest agreements listed above, the following issues related to search space and aggregation levels design need to be addressed. 
· Signaling for PRB pair locations

· Split of candidates among ALs and EPDCCH sets

· Hash function design for search space

· Whether to support { KL = 1, KD = 0}, { KL = 0, KD = 1}
In this contribution, the discussion for these remaining aspects will be provided. 

2 Discussion
2.1 Signalling for PRB pair locations
The most straightforward way to indicate the PRB locations for one EPDCCH set is to use a bitmap, where each bit corresponds to one PRB pair. Two bitmaps are used if two EPDCCH sets are configured and the bitmaps are transmitted by RRC signalling. This kind of signalling will introduce unnecessary resource waste for the signalling transmission, especially when the bandwidth is large. A more optimized RRC signaling can be designed based on the concept of resource block group (RBG), which is similar to the RBG concept used for Type 0 and Type 1 PDSCH resource allocation. The whole bandwidth is divided evenly into a number of PRB pair groups. Then a three-level signalling could be used to allocate the PRB resources for each EPDCCH set as below:
·    One bitmap is used to inform each UE which PRB pair group contains the EPDCCH PRB pairs. 
·    For each EPDCCH set, an extra bitmap in length of the actual number of allocated PRB pairs indicates the PRB pair groups included in this EPDCCH set. 
·    For each EPDCCH set, a third bitmap indicates the PRB pairs that are configured for this EPDCCH set within the PRB pairs groups that have been confirmed by the second-level bitmap. 
Prior to giving an example for this type of PRB resource allocation, the notations used are defined as below:
·    M: Number of PRB pairs in the whole bandwidth
·    P:  The size of each PRB group
·    K: Total number of PRB groups in the whole bandwidth.  
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: The number of PRB pairs allocated for ePDCCH set 1
·   
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: The number of PRB pairs allocated for ePDCCH set 2, if existed 
Considering the special case that the two configured EPDCCH sets may partially overlap at the PRB pair level, the total needed bits can be calculated as shown in Table 1. 

Table 1 Example of Total Bits used for PRB Group like EPDCCH PRB Pair Indication
	Bitmap Type
	Length

	PRB Group Level Bitmap
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	Bitmap to indicate which PRB groups for Set 1 
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	Bitmap to indicate which PRB groups for Set 2 (if existed)
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	Bitmap to indicate which PRB pairs in one Group used for ePDCCH Set 1
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	Bitmap to indicate which PRB pairs in one Group used for ePDCCH Set 2 (if existed)
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	Maximal Total Bits needed
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The reason to allocate one bitmap string of length 
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 for each indicated PRB group is to have more flexibility on EPDCCH set configuration. If the entire indicated PRB groups share the same relative positions of PRB pairs used for EPDCCH set, then the value in the fifth and sixth rows in Table 1 can be reduced to P. By indicating the same offset for all the PRB groups, the RRC signaling for EPDCCH PRB pair indication can be implemented in a more efficient way. 

Proposal 1: Define PRB pair group for EPDCCH PRB indication with bitmaps in three levels，i.e.,

· One primary bitmap for indication of the total PRB pair groups;

· One secondary bitmap for indication of the PRB pair groups per EPDCCH set;   

· One third bitmap for PRB pair indication per EPDCCH set. 
Figure 1 shows an example of the PRB pair group based EPDCCH PRB pair indication with completely flexible PRB positions in each group, while Figure 2 shows an example with the restriction that the PRB pairs in each indicated group have to be the same. In both examples, the two EPDCCH sets for the UE have overlapping PRB pair(s). 
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Figure 1 Example of PRB Group EPDCCH Indication (Flexible Way)

M=20, P=4, K=5, N1= N2=4
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Figure 2 Example of PRB Group EPDCCH Indication (Fixed PRB Pairs in each RBG)

M=20, P=4, K=5, N1= N2=4
2.2 Split of candidates among ALs and EPDCCH sets
Based on the agreements in last meeting, the values of N and K have been restricted to a limited number of combinations for EPDCCH set configuration. The maximal number of blind decoding attempts for USS has been agreed to be 32 when no UL MIMO is configured. As proposed by our companion contribution [1], all USS DCI formats are supported by both localized EPDCCH and distributed EPDCCH, so a maximum of 16 candidates in total could be distributed among the supported ALs by an EPDCCH. In RAN1#70bis, there was no consensus on introducing RRC signaling for configuration selection due to the concerns on additional complexity. In this case, the split of candidates needs to be specified by predefining the numbers on each supported AL for each combination. Some principles for the implicit candidate splitting are proposed as follows: 
· Principle 1: The candidates for an AL should be supportable by the available number of ECCEs in that EPDCCH set.

This allows allocating zero candidate for particular AL(s) which cannot be supported by the configured number of ECCEs. For example, if there are 2 PRB pairs in an EPDCCH set, with 4 ECCEs per PRB pair no candidate would be allocated to AL16.
· Principle 2:  0 or 2x candidates per aggregation level per EPDCCH set, where x=0,1,2,3. 
As agreed, the total number of available ECCEs within an EPDCCH set is 4, 8, 16, or 32 and the supported aggregation levels are 1, 2, 4, 8 and 16, all of which are a power of 2. Allocating 0 or 2x candidates per aggregation level per EPDCCH set could simplify the search space design. The candidates at each aggregation level could be evened out across the configured PRB pairs within an EPDCCH set. For example, with 8 PRB pairs and total 32 ECCEs for an EPDCCH set, defining 6 candidates at AL=8 would prevent equally spaced candidate allocation. Having 2x candidates will not face this kind of problem. 
· Principle 3: Configure as many candidates as possible for each KL, KD, N1, N2 combination under the constraint of not exceeding the total number of 16. 
Having as many candidates as possible for each KL, KD, N1, N2 combination would make full use of the available number of blind decoding candidates so that the blocking probability could be reduced. The frequency selective gain for the localized transmission could also be improved by configuring more candidates. 
· Principle 4: If two EPDCCH sets of size N1 and N2 respectively are configured, the ratio of the numbers of candidates per aggregation level between two EPDCCH sets is close to N1/N2.
It is a natural choice to take the size of each EPDCCH set into account to more evenly distribute the candidates. Frequency diversity or selectivity could be maximized which can benefit distributed transmission or localized transmission.
· Principle 5: At least 2 candidates in total, if available, for each higher aggregation level to ensure DL grant and UL grant could be transmitted in the same subframe.
For legacy PDCCH, DL grant and UL grant could be transmitted in the same subframe when there is DL and UL data to be scheduled. This can reduce the blocking probability. The same benefit should be kept for the EPDCCH design. 
· Principle 6: For the case where both localized EPDCCH and distributed EPDCCH are configured, more candidates should be allocated for the localised transmission than for distributed transmission.
More candidates allocated for localized transmission could yield more frequency selective options which could improve the EPDCCH transmission efficiency.
Based on these principles, our preferred splitting patterns for each combination are shown in Table 2. 
Proposal 2: Adopt the numbers of candidates per aggregation level shown in Table 2.
Table 2. Candidate splitting pattern
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs <Xthresh=104 and using normal CP
	Otherwise

	
	
	4 ECCEs per PRB pair
	2 ECCEs per PRB pair

	ND
	NL
	N1
	N2
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=16

	1
	0
	8
	0
	8
	4
	2
	2
	4
	4
	4
	2
	2
	4
	4
	4
	2
	1

	
	
	4
	0
	8
	4
	2
	1
	4
	4
	4
	2
	1
	8
	4
	2
	1
	0

	
	
	2
	0
	4
	2
	1
	0
	8
	4
	2
	1
	0
	4
	2
	1
	0
	0

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

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

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

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

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

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

	0
	1
	8
	0
	8
	4
	2
	2
	4
	8
	2
	2
	0
	4
	8
	2
	2
	0

	
	
	4
	0
	8
	4
	2
	1
	4
	8
	2
	2
	0
	8
	4
	2
	1
	0

	
	
	2
	0
	4
	2
	1
	0
	8
	4
	2
	1
	0
	4
	2
	1
	0
	0

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

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

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

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

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

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

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

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

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

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

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

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


2.3 Hash function design for search space
According the agreement achieved for ECCE to EREG mapping in last meeting, regardless of localized EPDCCH or distributed EPDCCH, the ECCE is formed by EREGs from the same logical EREG group. In our companion contribution [2], the indexing scheme for ECCEs within localized and distributed EPDCCH sets is described. This kind of ECCE numbering could facilitate the candidate searching and A/N resource allocation in PUCCH. In this section, we discuss the candidate searching methods for localized EPDCCH and distributed EPDCCH set. The A/N resource allocation is discussed by another companion contribution [3]. 

For legacy PDCCH, a Hash function is utilized to generate randomization to mitigate the DCI blocking between two UEs. An aligned candidate placement, i.e, an aggregation of “n” CCEs can only start on CCE numbers divisible by “n”, is required to further reduce the blocking probability. Based on the ECCE numbering, a similar restriction could be imposed on the candidate configuration for EPDCCH. This type of candidate structure can efficiently reduce the blocking especially between different aggregation levels from different UEs. Resource fragmentation could also be somewhat mitigated and the search space design could be simplified.

Based on this kind of aligned candidate structure, the search space can be defined as follows.
In general, a search space is defined by the number and position of the decoding candidates per aggregation level. For legacy PDCCH, a starting candidate is determined by a UE-ID based randomization function (i.e., Hash function) on top of the CFI-indicated legacy control region, and then the other candidates at the same aggregation level are located contiguously until the predefined number is reached. This kind of search space design is reused to the largest extent by this option where two more items are introduced based on the existing function for legacy PDCCH. The search space function is shown as below
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where L is the aggregation level (AL), m is the candidate number for each AL and 
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 is the total amount of available ECCEs configured for one EPDCCH set per CC for subframe (SF) K. 
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 is the hash function hopping SF by SF, which is originated by UE’s RNTI. 

The extra two items compared to the legacy Hash function are 
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 , where 
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 is used to spread all candidates for one AL more evenly among all the allocated PRB pairs. 
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can be seen as an interval value in terms of candidate at aggregation level L. This can bring benefits for both localized transmission and distributed transmission. For localized transmission, widely spaced candidate position could maximize the frequency selective gain. For distributed transmission, this could reduce the blocking of distributed transmission candidates caused by one localized transmission. 
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is used to offset the starting candidate positions for different aggregation levels. The 
[image: image22.wmf]L

P

 and 
[image: image23.wmf]L

O

 can be derived by
                                         
[image: image24.wmf]ECCE,ECCE,

,

êúéù

==

êúêú

××

ëûêú

kk

LL

NN

PO

LMLM

                                                                       (3)
Here M is the number of candidates for aggregation level L.
Proposal 3: The search space is given by:
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where L is the aggregation level (AL), m is the candidate number for each AL and 
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 is the total amount of available ECCEs configured for one EPDCCH set per CC for subframe (SF) K. 
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 is the hash function hopping SF by SF, which is originated by UE’s RNTI. 

3 Conclusions
In this contribution, we have provided our consideration for the remaining details of search space and aggregation levels for EPDCCH design. 
We make the following proposals:

Proposal 1: Define PRB pair group for EPDCCH PRB indication with bitmaps in three levels，i.e.,

· One primary bitmap for indication of the total PRB pair groups;

· One secondary bitmap for indication of the PRB pair groups per EPDCCH set;   

· One third bitmap for PRB pair indication per EPDCCH set. 
Proposal 2: Adopt the numbers of candidates per aggregation level shown in Table 2. 

Proposal 3: The search space is given by:
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where L is the aggregation level (AL), m is the candidate number for each AL and 
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 is the total amount of available ECCEs configured for one EPDCCH set per CC for subframe (SF) K. 
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 is the hash function hopping SF by SF, which is originated by UE’s RNTI. 
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