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1. Introduction
In RAN1#70, the following agreements were achieved [1].
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6

· The K sets do not have to all have the same value of N

· The total number of blind decoding attempts is independent from K

· The total blind decoding attempts for a UE should be split into configured K ePDCCH sets

· Each ePDCCH set is configured for either localized ePDCCH or distributed ePDCCH

· The K sets consist of KL sets for localized ePDCCH and KD sets for distributed ePDCCH (where KL or KD can be equal to 0), and not all combinations of KL and KD are necessarily supported for each possible value of K

· Details FFS

· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping. 
However, some detailed design remains open and further details need to be captured for the completion in the following two meetings.  This paper provides our views for the following three issues.
1) The number of PRB pairs in one ePDCCH set

2) Maximal number of ePDCCH sets configured for an UE

3) Blind decoding candidates split for ePDCCH sets



2. Discussion
2.1  Configuration of ePDCCH sets
In RAN1 #70, it was agreed that the maximal number of ePDCCH sets configured to an UE can be selected among 2, 3, 4 and 6.  Based on our understanding, the advantages to have the mechanism of ePDCCH set configuration is to have independent configuration for localized and distributed ePDCCHs and guarantee the frequency diversity gain for an eCCE with appropriate indexing for eREGs in distributed ePDCCH.  Therefore, we don’t see the needs to have more than 2 ePDCCH sets configured for an UE and our preference is at most 2 ePDCCH sets configured for an UE.  The first reason is that more ePDCCH sets for an UE would introduce the complexity of blind decoding candidates split and the difficulty of search space.  The second reason is that more ePDCCH sets for an UE would increase the complexity to schedule the corresponding PUCCH resources and possibly degrade PUCCH resource utilization efficiency because it was already agreed that an offset value will be configured by RRC for each ePDCCH set.  Even for forward compatibility, it’s enough to have two ePDCCH sets configured for an UE because one ePDCCH set can be configured as either localized or distributed transmission for the UE-specific search space and the remaining ePDCCH set can be configured as distributed transmission for the common, UE-specific or both search space.  More ePDCCH sets seem to be redundant.  Thus, we have the following proposal.
Proposal #1:  In Release 11 ePDCCH design, at most 2 ePDCCH sets are configured for an UE.

Regarding to the number supported PRB pairs in one ePDCCH set, 16 PRB pairs in one ePDCCH set is needed for distributed ePDCCH to facilitate two ePDCCH sets to provide more than 20% maximal physical resources for control information, compared to legacy control region (take 20 MHz as an example, 16 x 2 / 100 = 32% for ePDCCH; 3 / 14 = 21.4% for PDCCH).   In addition, it also enables the possibility to exploit diversity order of 16 in frequency domain for aggregation level 4 or above (near 0.5 dB gain over diversity order of 8).  Considering the support of aggregation level 32 for the case of the available RE number within one PRB pair for ePDCCH transmission less than 104, the size of 16 PRB pairs for one ePDCCH set is more appropriate because the whole configured ePDCCH resources won’t be blocked due to the use of aggregation level 32 for one user.
However, for localized ePDCCH, we don’t see the needs to support 16 PRB pairs in one ePDCCH set because the design goal of localized ePDCCH is to utilize beamforming scheme to achieve the same performance as PDCCH with less physical resources.  In addition, the maximal aggregation level supported in localized ePDCCH is 16 only and 16 PRB pairs in one ePDCCH set is sufficient.  Though supporting 1 PRB pair in one ePDCCH set for localized transmission enables better resource utilization, this size can not support enough blind decoding candidates for aggregation level 2, which is the least aggregation level supported when the available RE number in one PRB pair is less than 104, and thus it may introduce high blocking rate when single ePDCCH set is configured for localized transmission.
Furthermore, since the maximal number of PRB pairs varies with different channel bandwidths, the possible number of PRB paris supported for one ePDCCH set should change correspondingly.  Wider channel bandwidth should be able to support larger number of PRB pairs in one ePDCCH set.  Therefore, we have the following proposals.
Proposal #2:  For distributed ePDCCH, the supported numbers of PRB pairs in one ePDCCH set are shown as follows for different channel bandwidths.
· For channel bandwidth 1.4, 3 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4
· For channel bandwidth 5, 10, 15, and 20 MHz, the supported numbers of PRB pairs in one ePDCCH set are 4, 8, 16
Proposal #3:  For localized ePDCCH, the supported numbers of PRB pairs in one ePDCCH set are shown as follows for different channel bandwidths.
· For channel bandwidth 1.4, 3 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4

· For channel bandwidth 5, 10, 15 and 20 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4, 8
2.2  Split of blind decoding candidates
Before discussing how to split the blind decoding candidates into two different ePDCCH sets, the aggregation levels supported in a configured ePDCCH set need to be considered first.  Due to multiple supported sizes of one ePDCCH set, the maximal supported aggregation levels can be different among ePDCCH sets.  For example, aggregation level 16 can not be supported when the size of a ePDCCH set is 2 PRB pairs because there are not enough physical resources.  In addition, to balance both resource utilization efficiency and blocking rate, it’s better to support one specific aggregation level with more physical resources than the minimal required ones.  Take aggregation level 8 as an example, the minimal required physical resources are 2 PRB pairs so it’s better to have more than 2 PRB pairs in one ePDCCH set and thus eNB still can utilize low aggregation levels to scheduling other UEs if multiple UEs share the same ePDCCH set and one of them requires aggregation level 8 for scheduling.  Table 1 and 2 show the suggested aggregation levels supported in different sizes of an ePDCCH set for localized and distributed transmission, respectively.
In Release 10, the total number of blind decodings in UE-specific search space is either 32 or 48 due to 2 (no UL MIMO) or 3 (support UL MIMO) DCI sizes, respectively but total number of PDCCH candidates remains 16.  The split of PDCCH candidates for aggregation level {1, 2, 4, 8} is {6, 6, 2, 2}, respectively.  For ePDCCH, it was agreed that the total number of blind decodings should be the same as Release 10 so the total number of ePDCCH candidates for all supported aggregation levels should be 16 as well.  However, the number of supported aggregation levels in ePDCCH is more than that in PDCCH in some occasions.  Therefore, the split of ePDCCH candidates for different aggregation levels will be different from that in PDCCH.  From our views, the split of ePDCCH candidates for aggregation level {1, 2, 4, 8, 16} can be {4, 4, 4, 2, 2}, respectively when the RE number is more than 103 and the split for aggregation level {2, 4, 8, 16, 32} can be {4, 4, 4, 2, 2}, respectively when the RE number is less than 104.
Table 1  Size of ePDCCH set and the corresponding aggregation levels supported for localized ePDCCH


[image: image1.emf]Transmission

Number of REs available in 

one PRB pair

Number of PRB pairs in 

one ePDCCH set (N)

2 4 8 2 4 8

Aggregation levels 1, 2 1, 2, 4 1, 2, 4, 8 2 2, 4 2, 4, 8, 16

Channel bandwidth 1.4 MHz Yes Yes Yes Yes

Channel bandwidth 3 MHz Yes Yes Yes Yes

Channel bandwidth 5 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 10 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 15 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 20 MHz Yes Yes Yes Yes Yes Yes

Localized ePDCCH

>= 104 < 104


Table 2  Size of ePDCCH set and the corresponding aggregation levels supported for distributed ePDCCH


[image: image2.emf]Transmission

Number of REs available in 

one PRB pair

Number of PRB pairs in 

one ePDCCH set (N)

2 4 8 16 2 4 8 16

Aggregation levels 1, 2 1, 2, 4 1, 2, 4, 8 1, 2, 4, 8, 16 2 2, 4 2, 4, 8, 16 2, 4, 8, 16, 32

Channel bandwidth 1.4 MHz Yes Yes Yes Yes

Channel bandwidth 3 MHz Yes Yes Yes Yes

Channel bandwidth 5 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 10 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 15 MHz Yes Yes Yes Yes Yes Yes

Channel bandwidth 20 MHz Yes Yes Yes Yes Yes Yes

>= 104 < 104

Distributed ePDCCH


Since the sizes of two configured ePDCCH sets can be different, ePDCCH candidates can be evenly split into two ePDCCH sets if the corresponding aggregation levels are supported in both ePDCCH sets.  For those aggregation levels supported in one ePDCCH set, the corresponding ePDCCH candidates are not split.  For example, 2 ePDCCH sets are configured with size 16 PRB pairs (distributed transmission) and 4 PRB pairs (localized transmission).  For the ePDCCH set with size 16 PRB pairs, there are 10 ePDCCH candidates and they are split into {2, 2, 2, 2, 2} for aggregation levels {1, 2, 4, 8, 16}, respectively.  For ePDCCH set with size 4 PRB pairs, there are 6 ePDCCH candidates and they are split into {2, 2, 2} for aggregation levels {1, 2, 4}, respectively.  Therefore, we have the following proposals.
Proposal #4:  ePDCCH candidates of a specific aggregation level are evenly split into the configured ePDCCH sets where the corresponding aggregation level is supported.

Proposal #5:  ePDCCH candidates for different aggregation levels are split as follows when the available RE number within a PRB pair for ePDCCH transmission is more than 103.
· For aggregation level 1, there are 4 ePDCCH candidates
· For aggregation level 2, there are 4 ePDCCH candidates

· For aggregation level 4, there are 4 ePDCCH candidates

· For aggregation level 8, there are 2 ePDCCH candidates

· For aggregation level 16, there are 2 ePDCCH candidates

Proposal #6:  ePDCCH candidates for different aggregation levels are split as follows when the available RE number within a PRB pair for ePDCCH transmission is less than 104.

· For aggregation level 2, there are 4 ePDCCH candidates

· For aggregation level 4, there are 4 ePDCCH candidates

· For aggregation level 8, there are 4 ePDCCH candidates

· For aggregation level 16, there are 2 ePDCCH candidates

· For aggregation level 32, there are 2 ePDCCH candidates


3. Conclusion

In this paper, we provide our views on how to obtain the information of ePDCCH starting symbol.  New RRC configuration of ePDCCH starting symbol is needed at least for CA and CoMP.  The proposals are concluded as follows.
Proposal #1:  In Release 11 ePDCCH design, at most 2 ePDCCH sets are configured for an UE.
Proposal #2:  For distributed ePDCCH, the supported numbers of PRB pairs in one ePDCCH set are shown as follows for different channel bandwidths.

· For channel bandwidth 1.4, 3 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4

· For channel bandwidth 5, 10, 15, and 20 MHz, the supported numbers of PRB pairs in one ePDCCH set are 4, 8, 16

Proposal #3:  For localized ePDCCH, the supported numbers of PRB pairs in one ePDCCH set are shown as follows for different channel bandwidths.

· For channel bandwidth 1.4, 3 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4

· For channel bandwidth 5, 10, 15 and 20 MHz, the supported numbers of PRB pairs in one ePDCCH set are 2, 4, 8

Proposal #4:  ePDCCH candidates of a specific aggregation level are evenly split into the configured ePDCCH sets where the corresponding aggregation level is supported.

Proposal #5:  ePDCCH candidates for different aggregation levels are split as follows when the available RE number within a PRB pair for ePDCCH transmission is more than 103.

· For aggregation level 1, there are 4 ePDCCH candidates

· For aggregation level 2, there are 4 ePDCCH candidates

· For aggregation level 4, there are 4 ePDCCH candidates

· For aggregation level 8, there are 2 ePDCCH candidates

· For aggregation level 16, there are 2 ePDCCH candidates

Proposal #6:  ePDCCH candidates for different aggregation levels are split as follows when the available RE number within a PRB pair for ePDCCH transmission is less than 104.

· For aggregation level 2, there are 4 ePDCCH candidates

· For aggregation level 4, there are 4 ePDCCH candidates

· For aggregation level 8, there are 4 ePDCCH candidates

· For aggregation level 16, there are 2 ePDCCH candidates

· For aggregation level 32, there are 2 ePDCCH candidates
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Our views

		Transmission		Localized ePDCCH

		Number of REs available in one PRB pair		>= 104						< 104

		Number of PRB pairs in one ePDCCH set (N)		2		4		8		2		4		8

		Aggregation levels		1, 2		1, 2, 4		1, 2, 4, 8		2		2, 4		2, 4, 8, 16

		Channel bandwidth 1.4 MHz		Yes		Yes				Yes		Yes

		Channel bandwidth 3 MHz		Yes		Yes				Yes		Yes

		Channel bandwidth 5 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 10 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 15 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 20 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Transmission		Distributed ePDCCH

		Number of REs available in one PRB pair		>= 104								< 104

		Number of PRB pairs in one ePDCCH set (N)		2		4		8		16		2		4		8		16

		Aggregation levels		1, 2		1, 2, 4		1, 2, 4, 8		1, 2, 4, 8, 16		2		2, 4		2, 4, 8, 16		2, 4, 8, 16, 32

		Channel bandwidth 1.4 MHz		Yes		Yes						Yes		Yes

		Channel bandwidth 3 MHz		Yes		Yes						Yes		Yes

		Channel bandwidth 5 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 10 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 15 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 20 MHz				Yes		Yes		Yes				Yes		Yes		Yes
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Our views

		Transmission		Localized ePDCCH

		Number of REs available in one PRB pair		>= 104						< 104

		Number of PRB pairs in one ePDCCH set (N)		2		4		8		2		4		8

		Aggregation levels		1, 2		1, 2, 4		1, 2, 4, 8		2		2, 4		2, 4, 8, 16

		Channel bandwidth 1.4 MHz		Yes		Yes				Yes		Yes

		Channel bandwidth 3 MHz		Yes		Yes				Yes		Yes

		Channel bandwidth 5 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 10 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 15 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Channel bandwidth 20 MHz		Yes		Yes		Yes		Yes		Yes		Yes

		Transmission		Distributed ePDCCH

		Number of REs available in one PRB pair		>= 104								< 104

		Number of PRB pairs in one ePDCCH set (N)		2		4		8		16		2		4		8		16

		Aggregation levels		1, 2		1, 2, 4		1, 2, 4, 8		1, 2, 4, 8, 16		2		2, 4		2, 4, 8, 16		2, 4, 8, 16, 32

		Channel bandwidth 1.4 MHz		Yes		Yes						Yes		Yes

		Channel bandwidth 3 MHz		Yes		Yes						Yes		Yes

		Channel bandwidth 5 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 10 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 15 MHz				Yes		Yes		Yes				Yes		Yes		Yes

		Channel bandwidth 20 MHz				Yes		Yes		Yes				Yes		Yes		Yes
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