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1 Introduction
At RAN1#70bis, it was agreed that the maximum of K EPDCCH sets is 2 and all the combinations for KL and KD are as following: 
{ KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}
The set size N of one EPDCCH set is selected among N=2, 4 and 8 PRB pairs.  Based on above agreements, one of remaining details of EPDCCH search space design is to decide the supported aggregation levels (ALs) and the number of candidates for each supported AL within each EPDCCH set.
In this contribution, the number of blind decoding assignment for each supported AL under different combinations of KL and KD are discussed and the related proposals are given. 
2 Supported ALs and the number of candidates for each EPDCCH set
The agreements on the supported ALs for EPDCCH are shown in Table 1, where AL is the number of ECCEs for an EPDCCH depending on the transmission type of EPDCCH and the number of available REs in one PRB pair.  

Table 1 Aggregation levels for the supported EPDCCH formats

	EPDCCH formats
	AL

	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	
	Localized transmission
	Distributed transmission
	Localized transmission
	Distributed transmission

	0
	2
	2
	1
	1

	1
	4
	4
	2
	2

	2
	8
	8
	4
	4

	3
	16
	16
	8
	8

	4
	-
	-
	-
	16


As the total number of blind decodes for EPDCCH USS per serving cell is 32 (or 48 for UL MIMO), it is needed to assign the total number of blind decodes on the supported ALs in each configured EPDCCH set. The detail of blind decoding (or EPDCCH candidates) assignment for each combination of KL and KD is separately discussed in the following sections. 
2.1 One configured EPDCCH set 

2.1.1 { KL = 1, KD = 0}
When there is only one localized EPDCCH set configured for EPDCCH USS, the number of supported ALs is four and they are either 2, 4, 8 ,16 or 1, 2, 4, 8 depending on the number of available REs in one PRB pair is less or larger than 104. Thus, the principle of candidates assignment for differnt AL in Rel-10 can be reused, i.e., the maximum number of EPDCCH blind decoding candidates corresponding to the four supported ALs are 6, 6, 2 and 2 from lowest to highest AL, which is summarized in Table 2. However, the actual number of blind decoding candidates for each AL in one EPDCCH set is related to size of the EPDCCH set.  
Table 2 The maximum number of blind decoding candidates for each AL 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	AL
	2
	4
	8
	16
	1
	2
	4
	8

	Number of candidates
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	6
	6
	2
	2
	6
	6
	2
	2


2.1.2 { KL = 0, KD = 1}
When there is only one distributed EPDCCH set configured for EPDCCH USS, the supported ALs are 2, 4, 8, 16 or 1, 2, 4, 8, 16 which depends on the number of available REs per PRB pair is less or larger than 104. Similarly, the maximum number of EPDCCH blind decoding candidates are 6, 6, 2, 2 when the number of supported ALs is 4. In the case of five supported ALs, AL 16 is introduced to maintain the coverage of distributed EPDCCH compared to the four ALs used in Rel-10. To reduce the EPDCCH blocking probability, there should be at least two blind decoding candidates for each AL. Meanwhile, for a DCI format, the total number of blind decoding candidates with different ALs cannot be larger than 16. Considering that the smaller number of available REs in one ECCE and the worse performance of distributed EPDCCH compared to PDCCH, AL 1 will not be used as frequently as AL 2. Hence, the maximum number of blind decoding candidates for AL 1 and AL 2 can be 4 and 6, respectively as shown in Table 3. 
Table 3 The maximum number of blind decoding candidates for each AL 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	AL
	2
	4
	8
	16
	1
	2
	4
	8
	16

	Number of candidates 
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	6
	6
	2
	2
	4
	6
	2
	2
	2


2.2 Two configured EPDCCH sets

2.2.1 { KL = 2, KD = 0}
When the two configured EPDCCH sets are for localized transmission, i.e.,{ KL = 2, KD = 0} and the number of available REs per PRB pair of these two EPDCCH sets is same, the supported ALs are either 2, 4, 8, 16 or 1, 2, 4, 8.  The maximum number of blind decoding candidates for the four supported ALs is same as Table 2. Then, the maximum number of blind decoding candidates for each supported AL is assigned to the two EPDCCH sets, i.e., for a certain AL, the number of blind decoding candidates for EPDCCH set 1 and EPDCCH set 2 is determiend.

The candidate assignment for each AL between these two EPDCCH sets can be done by the following rule, i.e.,  the maximum number of EPDCCH blind decoding candidates for a certain AL L assigned for an EPDCCH set is related to the ratio of the number of its allocated PRB pairs to the total number of PRB pairs of the two EPDCCH sets ( i=1,2) supporting AL L, which is formulated by
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is the maximum number of EPDCCH blind decoding candidates for AL L. 
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  is the number of PRB pairs in EPDCCH set i .
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Table 4 An example of assigning 4 candidates for 2 EPDCCH sets
	
	EPDCCH Set 1 with N = 8
	EPDCCH Set 2 with N = 4

	Proportional to PRB pair number
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	2
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When the number of available REs in one PRB pairs between the two EPDCCH sets is same, the maximum number of blind decoding candidate for each EPDCCH set can be obtained according to the aforementioned rule. It is noted that the actual number of blind decoding candidates for each AL in one EPDCCH set may be less than the assigned maximum number of blind decoding candidates due to the restriction of EPDCCH set size. In Table 5, the actual number of blind decoding candidates for each AL under different combinations of EPDCCH set size is shown, where N1 and N2 indicate the size of EPDCCH set 1 and 2 respectively, and the two numbers in the entry, e.g. 3, 3 represents the actual number of candidates for EPDCCH set 1 and 2 is 3 and 3. 
 Table 5 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two EPDCCH sets are same
	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP 
	All other cases 

	N1
	N2
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8

	8
	8
	3, 3
	3, 3
	1, 1
	1, 1
	3, 3
	3, 3
	1, 1
	1, 1

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

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

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

	4
	4
	3, 3
	3, 3
	1, 1
	1, 1
	3, 3
	3, 3
	1, 1
	1, 1

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

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

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

	2
	2
	3, 3
	2, 2
	1, 1
	0, 0
	3, 3
	2, 2
	1, 1
	1, 1


As EPDCCH DPS could be supported in TM10, the two configured EPDCCH sets in this case can be associated with two transmission points. Hence, it is needed to have set specific configuration of NZP CSI-RS, ZP CSI-RS, EPDCCH starting OFDM symbol, number of CRS ports, etc.[7]. Due to the set-specific configuration, e.g., these two EPDCCH sets have different ZP CSI-RS and EPDCCH starting OFDM symbol configuration, it may result in different number of available REs in one PRB pair between these two EPDCCH sets. Based on the relation between supported ALs and the number of available REs in one PRB pair in Table 1, it may happen that the supported ALs are 1, 2, 4, 8 for one EPDCCH set (denoted as EPDCCH set 1) and the supported ALs of another EPDCCH set (denoted as EPDCCH set 2) are 2, 4, 8, 16.   

For the supported ALs {1, 2, 4, 8} and {2, 4, 8, 16} of the two EPDCCH sets, it can first assign the maximum number of blind decoding candidates which are shared by AL L of EPDCCH set 1 and AL 2L of EPDCCH set 2 due to their same scheduling probability, which are shown in Table 6. 
            Table 6 The maximum number of blind decoding candidates for AL L in EPDCCH set 1 and AL 2L in EPDCCH set 2
	Supported ALs of EPDCCH set 1
	1
	2
	4
	8

	Supported ALs of EPDCCH set 2
	2
	4
	8
	16

	Total number of candidates 
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 for AL L in EPDCCH set 1 and AL 2L in EPDCCH set 2
	6
	6
	2
	2


The total number of candidates 
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 is assigned for AL L of EPDCCH set 1 and AL 2L of EPDCCH set 2 by the similar rule as (1) and the results are shown in Table 7, i.e., 
                                                          
[image: image14.wmf]()

2

1

L

i

ii

t

t

Mp

cv

p

=

êú

êú

´

êú

=+

êú

êú

ëû

å

                                                                                      (2)                             
· 
[image: image15.wmf]i

c

 is the maximum number of blind decoding candidates for set i
· 
[image: image16.wmf]()

L

M

is the total number of blind decoding candidates for AL L of EPDCCH set 1 and AL 2L of EPDCCH set 2. 
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 represents the number of potential candidates of AL L in EPDCCH set 1 and the number of potential candidates for AL 2L in EPDCCH set 2 respectively, where 
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 Table 7 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two EPDCCH sets are different

	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP for set 1
	All other cases for set 2

	N1
	N2
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8

	8
	8
	2
	2
	1
	1
	4
	4
	1
	1

	4
	8
	2
	2
	1
	1
	4
	4
	1
	1

	2
	8
	1
	1
	1
	0
	5
	5
	1
	2

	8
	4
	3
	3
	1
	1
	3
	3
	1
	1

	4
	4
	2
	2
	1
	1
	4
	4
	1
	1

	2
	4
	2
	2
	1
	0
	4
	4
	1
	2

	8
	2
	4
	4
	2
	2
	2
	2
	0
	0

	4
	2
	3
	3
	1
	1
	3
	3
	1
	1

	2
	2
	2
	2
	1
	0
	4
	4
	1
	2


2.2.2 { KL = 0, KD = 2}
When the configured two EPDCCH sets are for distributed transmission, i.e., { KL =0, KD = 2}, the same principle of candidates assignment for the case { KL =2, KD = 0} discussed in section 2.2.1 can be reused. Based on this principle, the actual number of candidates for blind decoding for differnt cases is summarzied in  Table 8 and Table 9 respectively. 
Table 8 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two sets are same

	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP 
	All other cases 

	N1
	N2
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	8
	8
	3, 3
	3, 3
	1, 1
	1, 1
	2, 2
	3, 3
	1, 1
	1, 1
	1, 1

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

	2
	8
	2, 4 
	2, 4 
	1, 1
	      0, 1
	1, 3 
	2, 4 
	1, 1
	1, 1
	  0, 1

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

	4
	4
	3, 3
	3, 3
	1, 1
	1, 1
	2, 2
	3, 3
	1, 1
	1, 1
	1, 1

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

	8
	2
	4, 2
	4, 2
	1, 1
	      1, 0
	3, 1
	4, 2
	1, 1
	1, 1
	    1, 0

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

	2
	2
	3, 3
	2, 2
	1, 1
	0, 0
	2, 2 
	2, 2
	1, 1
	1, 1
	0, 0


Table 9 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two sets are different

	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP for set 1
	All other cases for set 2

	N1
	N2
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	8
	8
	2
	2
	1
	1
	2
	4
	1
	1
	 2

	4
	8
	1
	2
	1
	1
	3
	4
	1
	1
	 2

	2
	8
	1
	1
	1
	0
	3
	5
	1
	2
	2

	8
	4
	2
	3
	1
	1
	2
	3
	1
	1
	 1

	4
	4
	2
	2
	1
	1
	2
	4
	1
	1
	 1

	2
	4
	1
	2
	1
	0
	3
	4
	1
	2
	 1

	8
	2
	3
	4
	2
	2
	1
	2
	0
	0
	 0

	4
	2
	2
	3
	1
	1
	2
	3
	1
	1
	 0

	2
	2
	2
	2
	1
	0
	2
	4
	1
	2
	 0


2.2.3 { KL = 1, KD = 1}
The localized transmission is to achieve scheduling and beamforming gain based on the reliable CSI report, and the distributed transmission is to obtain frequency diversity gain and guarantee the robust performance. Hence, when both localized and distributed EPDCCH sets are configured, the distributed transmission is mainly to support the fallback operation. It is desirable to only support higher ALs for the distributed transmission, which can ensure robust performance of fallback operation. Because the fallback operation should not occur frequently, one candidate for each supported AL of distributed transmission can be assigned. 
When the number of available REs in one PRB pair between the two sets is same, the actual number of blind decoding candidates for each AL is summarized in Table 10. 

Table 10 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two sets are same

	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP 
	All other cases 

	ND
	NL
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	8
	8
	0, 6
	0, 6 
	1, 1
	1, 1
	0, 6
	0, 6 
	0, 1
	1, 1
	1, 0

	4
	8
	0, 6
	0, 6 
	1, 1
	1, 1
	0, 6
	0, 6 
	0, 1
	1, 1
	1, 0

	2
	8
	0, 6
	0, 6 
	1, 1
	0, 1
	0, 6
	0, 6 
	0, 1
	1, 1
	0, 0

	8
	4
	0, 6
	0, 4
	1, 1
	1, 1
	0, 6
	0, 6 
	0, 1
	1, 1
	1, 0

	4
	4
	0, 6
	0, 4
	1, 1
	1, 1
	0, 6
	0, 6 
	0, 1
	1, 1
	1, 0

	2
	4
	0, 6
	0, 4
	1, 1
	0,1
	0, 6
	0, 6 
	0, 1
	1, 1
	0, 0

	8
	2
	0, 6
	0, 2
	1, 1
	1, 0
	0, 6
	0, 4
	0, 1
	1, 1
	1, 0

	4
	2
	0, 6
	0, 2
	1, 1
	1, 0
	0, 6
	0, 4
	0, 1
	1, 1
	1, 0

	2
	2
	0, 6
	0, 2
	1, 1
	0, 0
	0, 6
	0, 4
	0, 1
	1, 1
	0, 0


When the number of available REs in one PRB pairs between the two sets is different, the actual number of blind decoding candidates for each AL is summarized in Table 11 and Table 12. 
Table 11 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two sets are different (1)
	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP  for (localized set) 
	All other cases 
(distributed set)

	ND
	NL
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8
	AL 16

	8
	8
	6
	6
	1
	1
	0
	0
	0
	1
	1

	4
	8
	6
	6
	1
	1
	0
	0
	0
	1
	1

	2
	8
	6
	6
	1
	1
	0
	0
	0
	1
	0

	8
	4
	6
	4
	1
	1
	0
	0
	0
	1
	1

	4
	4
	6
	4
	1
	1
	0
	0
	0
	1
	1

	2
	4
	6
	4
	1
	1
	0
	0
	0
	1
	0

	8
	2
	4
	2
	1
	0
	0
	0
	0
	1
	1

	4
	2
	4
	2
	1
	0
	0
	0
	0
	1
	1

	2
	2
	4
	2
	1
	0
	0
	0
	0
	1
	0


Table 12 The actual number of blind decoding candidates for each AL when the number of available REs in one PRB pair between the two sets are different (2)
	
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP for (distributed set)
	All other cases 
(localized set)

	ND
	NL
	AL 2
	AL 4
	AL 8
	AL 16
	AL 1
	AL 2
	AL 4
	AL 8
	

	8
	8
	0
	0
	1
	1
	6
	6
	1
	1
	

	4
	8
	0
	0
	1
	1
	6
	6
	1
	1
	

	2
	8
	0
	0
	1
	0
	6
	6
	1
	1
	

	8
	4
	0
	0
	1
	1
	6
	6
	1
	1
	

	4
	4
	0
	0
	1
	1
	6
	6
	1
	1
	

	2
	4
	0
	0
	1
	0
	6
	6
	1
	1
	

	8
	2
	0
	0
	1
	1
	6
	4
	1
	1
	

	4
	2
	0
	0
	1
	1
	6
	4
	1
	1
	

	2
	2
	0
	0
	1
	0
	6
	4
	1
	1
	


3 Discussion for DCI format dependent aggregation level and blind decode assignment
The larger payload size of DCI format 2X (e.g, 2, 2A, 2B, 2C, and 2D), e.g. more than 60 bits, may cause that  DCI format 2X with low AL (e.g., 1 or 2) is not decodable in some cases, e.g., the number of available REs in one PRB pair is small. However, for DCI format 1A, it is decodable. There are two options to handle this problem as below:

Option 1: All DCI formats use the same ALs and the number of candidate for each AL, i.e., reusing the principle of Rel-8/9/10 PDCCH.
Option 2:  Defining DCI format dependent AL, e.g., AL = 1, 2, 4 and 8 are defined for DCI format 1A and AL = 2, 4, 8 and 16 are defined for DCI format 2X [1]-[3]. 
For Option 2, all the blind decoding candidates are assigned for the ALs which can be decodable, and therefore it may have lower blocking probability compared to Option 1. However, the principle of Option 1 is already used in LTE Rel-10 and there is no serious problem. Moreover, for Option 2, multiple thresholds, e.g. coding rate, for different DCI formats are needed to determine the supported ALs for each DCI format; because the number of available REs in one PRB pair is variable over different sub-frames, UE needs to dynamically determine the supported ALs in each EPDCCH monitoring subframe, the decodable ALs for each DCI format and the corresponding number of candidates for each decodable AL. This will increase UE complexity and the related standardization efforts. 
4 Conclusion
In this contribution, the assignment of blind decoding candidate under different combinations of EPDCCH sets is discussed and there are the following proposals:
Proposal 1: {KL = 1, KD = 0}
Table 13 The maximum number of blind decoding candidates for each AL 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	AL
	2
	4
	8
	16
	1
	2
	4
	8

	Number of candidates
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	6
	6
	2
	2
	6
	6
	2
	2


Proposal 2: {KL = 0, KD = 1}
Table 14 The maximum number of blind decoding candidates for each AL 
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	All other cases

	AL
	2
	4
	8
	16
	1
	2
	4
	8
	16

	Number of candidates 
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	6
	6
	2
	2
	4
	6
	2
	2
	2


Proposal 3: {KL = 2, KD = 0} and {KL =0, KD = 2}
The maximum number of EPDCCH blind decoding candidates for each AL with {KL = 2, KD = 0} is same as Table 13 and the maximum number of EPDCCH blind decoding candidates for each AL with {KL = 0, KD = 2} is same as Table 14.
When there is the same number of available REs in one PRB pair between the two EPDCCH sets, the maximum number of EPDCCH blind decoding candidates for a certain AL assigned for an EPDCCH set is related to the ratio of the number of its allocated PRB pairs to the total number of PRB pairs of all the EPDCCH sets supporting this AL. 

When there is different number of available REs in one PRB pair between the two EPDCCH sets, the maximum number of EPDCCH blind decoding candidates for a certain AL assigned for an EPDCCH set is decided by the following formula 
                                                     
[image: image24.wmf]()

2

1

L

i

ii

t

t

Mp

cv

p

=

êú

êú

´

êú

=+

êú

êú

ëû

å

                                                                                                               
· 
[image: image25.wmf]i

c

 is the maximum number of blind decoding candidates for set i
· 
[image: image26.wmf]()

L

M

is the total number of blind decoding candidates for AL L of EPDCCH set 1 and AL 2L of EPDCCH set 2. 
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 represents the number of potential candidates of AL L in EPDCCH set 1 and the number of potential candidates for AL 2L in EPDCCH set 2 respectively, where 
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Proposal 4: {KL = 1, KD = 1} 
The maximum number of EPDCCH blind decoding candidates for each AL with {KL = 1, KD = 1} is as following Table 15.
Table 15 The maximum number of blind decoding candidates for each AL with {KL = 1, KD = 1}
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal cyclic prefix (CP)
	All other cases

	AL
	2
	4
	8
	16
	1
	2
	4
	8
	16

	Maximum Number of candidates for localized transmission
	6
	6
	1
	1
	6
	6
	1
	1
	

	Number of candidates for distributed transmission
	
	
	1
	1
	
	
	
	1
	1


For DCI format dependent aggregation level, we propose: 
Proposal 5: Rel.8 principle, i.e. common ALs for both DCI formats in a transmission mode, is preferred. 
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