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1. Introduction

In RAN1 #70 meeting, the E-PDCCH design aspects were discussed with following agreements [1]:
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

The blind decoding split between E-PDCCH sets were well discussed but no consensus was reached. In this contribution, we share our views on blind decoding split between E-PDCCH sets. 
2. Aggregation levels supported in E-PDCCH
In [2], the link level performance of aggregation level 16 is shown as similar as the legacy PDCCH aggregation level 8 even in the case that available REs within a PRB pair  is 96. Furthermore, frequency domain interference coordination can be employed by E-PDCCH to further improve the link performance compared to legacy PDCCH. Therefore, we propose that the aggregation level 32 shall not be supported in E-PDCCH. The aggregation levels supported for E-PDCCH are shown as following:

· Normal subframes or special subframe with configuration 3,4,8 using normal CP, and the available REs in a PRB pair is less than Xthresh
· For localized: aggregation level 2, 4, 8, 16 supported

· For distributed: aggregation level 2, 4, 8, 16 supported

· In all other cases

· For localized: aggregation level 1, 2, 4, 8 supported

· For distributed: aggregation level 1, 2, 4, 8, 16 supported

3. Blind decoding split between E-PDCCH sets

In general, the number of E-PDCCH blind decoding attempts or E-PDCCH candidates in each E-PDCCH set can be either hard-coded by specification or configurable by higher layers. For the design for both approaches, the following aspects shall be considered:

· Number of assigned PRB pairs between two E-PDCCH sets
Current agreement is that 2, 4, or 8 PRB pairs can be configured in an E-PDCCH set. It shall be noted that different numbers of PRB pairs in an E-PDCCH set may impact the corresponding number of E-PDCCH candidates in the E-PDCCH set, since the number of available E-CCEs in the E-PDCCH set varies. Furthermore, the number of E-REGs per E-CCE may also impact the corresponding number of E-PDCCH candidates in the E-PDCCH set. For example, if an E-PDCCH set contains  2 PRB pairs and one E-CCE comprises 4(or 8) E-REGs, then there are 8(or 4) E-CCEs in the E-PDCCH set, which means there are no valid E-PDCCH candidates with aggregation level higher than 8(or 4) in this E-PDCCH set. If two E-PDCCH sets are configured, the remaining affordable blind decoding capabilities can be assigned to the other E-PDCCH set. In such case, it can be straightforward that the total blind decoding are split into the two sets proportionally to number of PRB pairs within two E-PDCCH sets[3][4].
· E-PDCCH candidate split between Localized and distributed E-PDCCH set: 

It has been agreed that each E-PDCCH set can be either configured as localized E-PDCCH or distributed E-PDCCH. When both localized and distributed E-PDCCH sets are configured for a UE, lower aggregation levels should be monitored in localized set while higher aggregation level should be monitored in distributed set. This design would leverage the more accurate CSI feedback to enable beamforming for E-PDCCH at lower aggregation levels, while still providing the possibility to reliable E-PDCCH transmission when accurate CSI feedback is not available.
· Supported aggregation level set between two E-PDCCH sets:
It has been agreed that the supported aggregation levels are dependent on the available REs within a PRB pair. In TM 10, when E-PDCCH is configured in QCL behavior B1, the starting OFDM symbol for each E-PDCCH set and overheads can be different by the TP-specific configuration[5]. Therefore, the available REs within a PRB pair can be different between two E-PDCCH sets, hence lead to different supported aggregation levels. For example, the available REs for one E-PDCCH set is less than Xthresh, and more than Xthresh in the other set. 
3.1. Split the blind decoding by hard-coded approach
If hard-coded approach is used to determine the number of E-PDCCH candidates, the above considerations need to be incorporate into the design of splitting blind decoding between E-PDCCH sets. Depending on the number of configured E-PDCCH set and property (Localized or distributed) of each set, the combinations can be categorized into two cases.
· Case 1: Only localized or distributed set(s) are configured for a UE, which include the cases {KL = 1, KD = 0}, {KL = 0, KD = 1}, {KL = 2, KD = 0} and {KL = 0, KD = 2}.
· In such cases, the design principle of splitting blind decoding proportionally to the number of PRB pairs within each E-PDCCH set can be used.
· Case 2: Both localized and distributed sets are configured for a UE, corresponding to the case {KL = 1, KD = 1}.
· In this case, the design principle is that lower aggregation levels are monitored in localized set and higher aggregation levels are monitored in distributed set.
In the following sections, designs for the two cases are discussed.
3.1.1 Case 1: When only localized or distributed E-PDCCH set(s) are configured for a UE
To do the blind decoding splitting, an initial blind decoding candidates for each aggregation level can be defined while keeping the total number of blind decoding within the UE capability. The initial number of BD candidates can be given as in table 1, in which blind decoding distribution among aggregation levels in legacy PDCCH is reused as much as possible. 

Table 1: Initial number of BD candidates per aggregation level
	
	When four aggregation levels are supported
{1,2,4,8}  / {2,4,6,8}
	When five aggregation levels are supported

{1,2,4,8,16}

	Supported aggregation levels
	AL=1
	AL=2
	AL=4
	AL=8
	AL=1
	AL=2
	AL=4
	AL=8
	AL=16

	
	AL=2
	AL=4
	AL=8
	AL=16
	
	
	
	
	

	Total number of BDs per aggregation level
	6
	6
	2
	2
	4
	6
	2
	2
	2


When two sets are configured, the procedure for splitting BDs into the two sets can be defined as two steps: 
· Step 1: Split the BD candidates into the two E-PDCCH sets proportionally to the size of each set [4], where the proportional factor for E-PDCCH set k is 
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 is total number of BD candidates for the aggregation level L, Nk is the number of PRB pairs of E-PDCCH set k. 
· In this step, when certain aggregation level L is not supported in an E-PDCCH set, or the allocated BD candidates for aggregation L exceed the number of valid candidates provided by the set, the remaining  BDs are re-assigned in step 2
· Step 2: The remaining BDs for aggregation L are firstly re-assigned to candidates in the other E-PDCCH set (when configured) with the same aggregation level, then assigned from the lowest aggregation level between two E-PDCCH sets. 
According to the proposed procedures, results for blind decoding splitting are given for the following cases separately 
Case 1-1 and 1-2 correspond to only one set is configured, then BD candidates should be split into set of supported aggregation levels.
· Case 1-1: {KL = 1, KD = 0}
Table 2: BD splitting for {KL = 1, KD = 0}
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	Special subframes configuration 1,2,6,7,9  with normal CP,
Normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
	All other cases

	
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=1
	AL=2
	AL=4
	AL=8

	N=8
	6
	6
	2
	2
	6
	6
	2
	2
	6
	6
	2
	2

	N=4
	8
	4
	2
	1
	8
	4
	2
	1
	6
	6
	2
	2

	N=2
	4
	2
	1
	0
	4
	2
	1
	0
	8
	4
	2
	1


· Case 1-2: {KL = 0, KD =1}
Table 3: BD splitting for {KL =0, KD = 1}
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	Special subframes configuration 1,2,6,7,9  with normal CP,

Normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
	All other cases

	
	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

	N=8
	6
	6
	2
	2
	5
	6
	2
	2
	1
	4
	6
	2
	2
	2

	N=4
	8
	4
	2
	1
	8
	4
	2
	1
	0
	5
	6
	2
	2
	1

	N=2
	4
	2
	1
	0
	4
	2
	1
	0
	0
	8
	4
	2
	1
	0


Case 1-3 and 1-4 correspond to two E-PDCCH sets with the same type are configured for a UE, i.e. either localized or distributed, BDs should also be split into the two sets according to the size of the two sets. It is noted that in these two cases the same available REs are assumed for the two sets, therefore same set of aggregation levels are supported for the two sets.
· Case 1-3: {KL = 2, KD =0}, with same available RE assumptions for the two sets
Table 4: BD splitting for {KL =2, KD =0} with same available RE assumptions
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	Special subframes configuration 1,2,6,7,9  with normal CP,

Normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
	All other cases

	
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=1
	AL=2
	AL=4
	AL=8

	N1=8,N2=8
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1

	N1=8,N2=4
	4,2
	4,2
	1,1
	1,1
	4,2
	4,2
	1,1
	1,1
	4,2
	4,2
	1,1
	1,1

	N1=8,N2=2
	4,2
	4,2
	1,1
	2,0
	4,2
	4,2
	1,1
	2,0
	4,2
	4,2
	1,1
	1,1

	N1=4,N2=4
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1

	N1=4,N2=2
	5,2
	4,2
	1,1
	1,0
	5,2
	4,2
	1,1
	1,0
	4,2
	4,2
	1,1
	1,1

	N1=2,N2=2
	4,4
	2,2
	1,1
	0,0
	4,4
	2,2
	1,1
	0,0
	3,3
	3,3
	1,1
	1,1


· Case 1-4: {KL = 0, KD =2}, with same available RE assumptions for the two sets
Table 5: BD splitting for {KL =0, KD = 2} with same available RE assumptions
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	Special subframes configuration 1,2,6,7,9  with normal CP,

Normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
	All other cases

	
	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

	N1=8,N2=8
	3,3
	3,3
	1,1
	1,1
	2,2
	3,3
	1,1
	1,1
	1,1
	2,2
	3,3
	1,1
	1,1
	1,1

	N1=8,N2=4
	4,2
	4,2
	1,1
	1,1
	3,2
	4,2
	1,1
	1,1
	1,0
	2,2
	4,2
	1,1
	1,1
	1,1

	N1=8,N2=2
	4,2
	4,2
	1,1
	2,0
	4,1
	4,2
	1,1
	2,0
	1,0
	3,1
	4,2
	1,1
	1,1
	2,0

	N1=4,N2=4
	3,3
	3,3
	1,1
	1,1
	3,3
	3,3
	1,1
	1,1
	0,0
	2,2
	3,3
	1,1
	1,1
	1,1

	N1=4,N2=2
	5,2
	4,2
	1,1
	1,0
	5,2
	4,2
	1,1
	1,0
	0,0
	3,2
	4,2
	1,1
	1,1
	1,0

	N1=2,N2=2
	4,4
	2,2
	1,1
	0,0
	4,4
	2,2
	1,1
	0,0
	0,0
	3,3
	3,3
	1,1
	1,1
	0,0


In case E-PDCCH is configured in QCL behavior B1 in TM10, it is possible that available REs for E-PDCCH in the two sets are different, due to the different QCL assumptions in terms of starting OFDM symbol, reference signal overheads, MBSFN subframe, etc. Given the agreement that supported set of aggregation levels depends on the available RE, the splitting of BDs into the two sets becomes rather complicated. Here in case 1-5 and 1-6 some examples of splitting BDs into two sets with different RE assumptions are given. It is noted that same number of PRB pairs are assumed here for simplicity. It is also assumed that two sets are of the same type since it seems not reasonable to do E-PDCCH DPS between two TPs with one localized set and the other is distributed.
· Case 1-5: BD splitting for {KL = 2, KD =0}, with different available RE assumptions for the two sets
Table 6: BD splitting for {KL =2, KD =0} different available REs between E-PDCCH set
	
	E-PDCCH set 0:

Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	E-PDCCH set 1:

Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh >=104 and using normal CP

	
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8

	N1=8,N2=8
	3
	3
	1
	1
	3
	3
	1
	1

	N1=4,N2=4
	3
	3
	1
	1
	3
	3
	1
	1

	N1=2,N2=2
	4
	2
	1
	0
	4
	2
	1
	1


· Case 1-6: BD splitting for {KL = 0, KD =2}, with different available RE assumptions for the two sets
Table 7: {KL =0, KD =2} different available REs between E-PDCCH set
	
	E-PDCCH set 0:

Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	E-PDCCH set 1:

Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh >=104 and using normal CP

	
	AL=2
	AL=4
	AL=8
	AL=16
	AL=1
	AL=2
	AL=4
	AL=8
	AL=16

	N1=8,N2=8
	3
	3
	1
	1
	2
	3
	1
	1
	1

	N1=4,N2=4
	4
	2
	1
	1
	2
	3
	1
	1
	1

	N1=2,N2=2
	4
	2
	1
	0
	4
	2
	1
	1
	0


3.1.2 Case 2: When both localized and distributed E-PDCCH sets are configured for a UE
When both localized and distributed E-PDCCH sets are configured for a UE, lower aggregation levels should be monitored in localized set and other higher aggregation levels should be monitored in distributed set. It is also preferable that an localized E-PDCCH is transmitted within a PRB pair. An initial set of blind decoding candidates can be defined for localized set and distributed set per aggregation level as the following:
· In normal subframes and special subframes configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP 
· Initial supported ALs for localized set {2, 4}
· Initial supported ALs for distributed set {8, 16}

· In special subframes configuration 1,2,6,7,9  with normal CP, and normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
· Initial supported ALs for localized set {1, 2}

· Initial supported ALs for distributed set {4, 8, 16}

· In all other case

· Initial supported ALs for localized set {1, 2, 4}

· Initial supported ALs for distributed set {8, 16}

The splitting of blind decoding candidates into the two sets can follow the steps bellow
· Step 1: E-PDCCH blind decoding candidates are assigned to the localized set first, where the number of E-PDCCH candidates allocated for each initial supported AL in localized set can be the same as the case only one localized set is configured, i.e. table 2.
· Step 2: Other E-PDCCH blind decoding candidates are then assigned to the distributed set, where the number of E-PDCCH candidates allocated for each initial supported AL in distributed set can be the same as the case only one distributed set is configured, i.e. table 3. It is noted that the total number of blind decoding candidates shall not exceed 16.
· Step 3: If less than 16 blind decoding candidates have been assigned by the above two steps, the remaining candidates can be firstly assigned to the distributed E-PDCCH candidates in the initial supported ALs, then spread  to the ALs which are initial supported by the localized set, from higher ALs to lower ALs. 
· Step 4: If there are still remaining E-PDCCH candidates, they can be assigned to the localized set and spread into the ALs which are initial supported by the distributed set, from lower ALs to higher ALs.
The difference on set size and available REs can also impact the splitting of BDs into the two sets with one localized and one distributed. However, it is reasonable to assume the set size of the distributed set is equal or larger than the localized set configured for the UE, since frequency diversity is prioritized for distributed. It is also reasonable to assume same available REs for the two sets in this case, since the motivation to configure one localized and one distributed set for a UE and doing E-PDCCH DPS between the two sets is not clear and significant spec efforts are expected to support such operation. With these assumptions, the splitting of BDs for this case is given as the following
· Case 2-1: BD splitting for { KL = 1, KD =1} with same available RE assumption
Table 8: BD splitting for {KL =1, KD =1} with same available RE assumption
	
	Normal subframes and special subframes, configuration 3, 4, 8, with available REs Xthresh <104 and using normal CP
	Special subframes configuration 1,2,6,7,9  with normal CP,

Normal subframes and special subframes configuration 1,2,3,5,6 with extended CP
	All other cases

	N1(D),N2(L)
	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

	N1=8,N2=8
	0,6
	0,6
	2,0
	2,0
	0,6
	0,6
	2,0
	1,0
	1,0
	0,6
	0,6
	0,2
	1,0
	1,0

	N1=8,N2=4
	0,8
	0,4
	2,0
	2,0
	0,8
	0,4
	2,0
	1,0
	1,0
	0,6
	0,6
	0,2
	1,0
	1,0

	N1=8,N2=2
	0,4
	2,2
	4,0
	2,0
	0,4
	3,2
	4,0
	2,0
	1,0
	0,8
	0,4
	2,0
	1,0
	1,0

	N1=4,N2=4
	0,8
	1,4
	2,0
	1,0
	0,8
	1,4
	2,0
	1,0
	0,0
	0,6
	0,6
	0,2
	1,0
	1,0

	N1=4,N2=2
	3,4
	4,2
	2,0
	1,0
	3,4
	4,2
	2,0
	1,0
	0,0
	0,8
	0,4
	2,0
	1,0
	1,0

	N1=2,N2=2
	4,4
	2,2
	1,1
	0,0
	4,4
	2,2
	1,1
	0,0
	0,0
	0,8
	0,4
	1,2
	1,0
	0,0


3.2. Split the blind decoding by higher layer configuration
Given the above analysis and designs for hard-coded approach, it can be seen that significant work and spec efforts should be paid to take care design principles and many impact factors, such as different set size and available REs assumptions, etc. It is very complicated in our view. Therefore, higher layer configuration for blind decoding splitting can be beneficial from both flexibility and the specification simplification perspective. 
One example is that higher layer can configure number of blind decoding candidates for each aggregation level for each E-PDCCH set, while keeping the total number of candidates not exceeding 16, as the following
· The number of E-PDCCH candidates for each aggregation level within an E-PDCCH set is configured by higher layer signaling. Denote 
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as the number of E-PDCCH candidates for aggregation level 
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4. Conclusions

In this contribution, we share our views on supported aggregation levels for localized and distributed E-PDCCH set, and analysis the hard-coded and higher layer configuration approaches for splitting blind decoding between the E-PDCCH sets in detail. Particularly, we have the following proposals:

Proposal 1: The aggregation levels supported for E-PDCCH are shown as following:

· Normal subframes or special subframe with configuration 3,4,8 using normal CP, and the available REs in a PRB pair is less than Xthresh
· For localized: aggregation level 2, 4, 8, 16 

· For distributed: aggregation level 2, 4, 8, 16 

· In all other cases

· For localized: aggregation level 1, 2, 4, 8 

· For distributed: aggregation level 1, 2, 4, 8, 16 

Proposal 2: Following essentials should be considered when designing blind decoding splitting between E-PDCCH sets
· Number of PRB pairs for the two sets

· Type of the two sets, i.e. localized or distributed

· Number of available REs for each set

· Number of E-CCEs per PRB pair

· Lower aggregation levels should be prioritized for localized set and higher aggregation levels should be prioritized for distributed set

Proposal 3: By hard-coded approach, significant efforts and complicated specification is expected while higher layer configuration approach provide higher flexibility with simplified specification. It is suggest considering the higher configuration approach.
Proposal 4: If hard-coded approach is adopted, the blind decoding splitting in table 2~8 for different cases are proposed.
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