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Introduction
RAN1 discussed the details of ePDCCH search space design in last meeting and made the following agreements [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, the details of this search space related signaling are still under discussion in RAN1, as agreed in email discussion on RRC parameter for ePDCCH [2]. In this contribution, we propose the details for signaling of ePDCCH set configuration for the UE specific search space and express our views.  

Discussion  
2.1	ePDCCH set
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]An ePDCCH set is defined as a group of N PRB pairs, where N could be {1 (FFS), 2, 4, 8} for localized ePDCCH and {2, 4, 8, 16 (FFS)} for distributed ePDCCH, according to the RAN1 working assumptions.  We think it is not necessary to define N=16 for distributed ePDCCH since multiple ePDCCH set can be configured if more ePDCCH capacity is required from network operational point of view. From UE implementation point of view, this might increase the implementation complexity unnecessarily. 

On the other hand, RAN1 agreed K ePDCCH sets are configured in a UE specific manner, where maximum number for K is selected later among {2, 3, 4, 6}. Large value for K provides network more flexibility in scheduling ePDCCH for UE, and minimizing blocking probability. However, these benefits come with following drawbacks. 
· While total number of blind decoding attempts is independent from K, each ePDCCH set could span up to 16 PRB-pairs. This may increase UE implementation complexity due to ePDCCH decoding attempts from many PRB-pairs, particularly, increased channel estimation attempts.         
· Increase signaling overheads in configuring ePDCCH sets for a UE. 
While it is possible to forbid certain combinations of N and K, the simplest solution is to consider small value for K. 

Proposal 1: We suggest considering the number of PRB-pairs (N) for ePDCCH set can be defined as {1, 2, 4, 8} for localized ePDCCH and {2, 4, 8} for distributed ePDCCH, which are defined independent of system bandwidth. UE is not expected to be configured N larger than system bandwidth.

2.2	Signalling for ePDCCH set configuration
RAN1 agreed that the RRC configuration for each ePDCCH set consists of the following information [2]:
1. Locations of N PRB pairs
2. Type of the ePDCCH set
3. PUCCH resources starting offset for the ePDCCH set

A generalized signaling structure could be defined as shown below for K sets.  

Figure 4: Example signalling message

The number of bits required for ePDCCH set type and PUCCH resources starting offset are straight forward, but location indication bits could be defined using one of the following three options.  
· Option-1: Bit map
· Bit map pattern with number of bits equal to number of PRBs in system bandwidth could be used to indicate the ePDCCH PRBs. 
· This option provides much flexibility for network to configure any PRBs, but signaling overhead is significant. 
· Option-2: Existing PDSCH resources allocation type
· Type 0/1 or Type 2 could be used to indicate the ePDCCH PRBs.
· For example, Type 0/1 could be used for distributed ePDCCH and Type 2 could be used for localized ePDCCH.
· This option provides much flexibility for network to configure any PRBs, but signaling overhead might not be optimum.   
· Option-3: New or modified resources allocation type designed for ePDCCH
· This is to design new resources allocation scheme for ePDCCH considering its transmission aspects. Similar idea was discussed in [3], where signaling bits for ePDCCH resources allocation was optimized to suit dynamic configuration. This approach could be extended to suit with RRC configuration. 
· This option might limit flexibility for network to configure any PRBs, but such limitations might not be an issue since number of PRBs used for ePDCCH transmission might be much less than the available number of PRBs in the system bandwidth. Further, signaling overhead is optimized in this option.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Table 1: Comparison of signalling overhead bits for ePDCCH set configuration resulting from PRB indication for system bandwidth 20 MHz
	
	One ePDCCH set
(K=1)
	Multiple ePDCCH set
(K=6)

	Option-1
	100
	600

	Option-2
	25 
	150



Table 1 compares the signaling overhead resulting from PRB indication for Option 1 and Option 2 for one ePDCCH set. It should be noted that signaling overhead might be significant if large number of ePDCCH sets (K) are configured in a network. Therefore, it is useful to have reduced signaling overhead, and we propose simplified resources allocation methods in the following sections. 

Proposal 2: We suggest considering resources allocation signaling for ePDCCH with reduced signaling overhead.
2.2.1	Localised ePDCCH
A localized ePDCCH set could comprise a collection of consecutive PRB-pairs. Thus, type 2 resources allocation scheme defined for PDSCH is suitable for localized ePDCCH. However, localized ePDCCH is designed to exploit frequency selective gain by selecting PRB-pairs based on CSI information. In general, sub-band CSI reporting information could be used to select best PRB-pairs for ePDCCH transmission. Thus, type 2 resources allocation bits could be further optimized for localized ePDCCH resources allocations. This is illustrated in Figure 2, where offset and numbers of PRB-pairs are signalled in the indication bits. 
· Offset:
· From performance, and operational point of view, it could be good enough to allocate ePDCCH PRB-pairs at sub-band level. This will reduce the number of signaling bits. Within the allocated sub-band, the starting ePDCCH PRB-pair could be the lowest PRB index.  
· 2-4 bits are needed to signal this offset value.
· If more than one ePDCCH set is to be allocated in the same sub-band, then, additional offset within a sub-band could be defined. 
· It could provide frequency domain ICIC among neighbor cells for ePDCCH. It is FFS where additional X2 signaling is necessary to achieve ePDCCH ICIC.  
· Number of PRB-pairs:
· 2 bits are needed since RAN1 agreed {1 (FFS), 2, 4, 8} PRB-pairs for localized ePDCCH.  




[bookmark: _Ref331409624][bookmark: _Toc332977284]Figure 2: PRB indication for localized ePDCCH

2.2.1	Distributed ePDCCH
A distributed ePDCCH set could comprise a collection of multiple PRB-pairs distributed across the system bandwidth. Thus, type 0/1 resources allocation scheme defined for PDSCH is suitable for distributed ePDCCH. However, distributed ePDCCH is designed to exploit frequency diversity gain by scheduling ePDCCH across the system bandwidth. Thus, type 0/1 resources allocation bits could be further optimized for distributed ePDCCH resources allocations. This is illustrated in Figure 3, where offset and numbers of PRB-pairs are signalled in the indication bits. The spacing between ePDCCH PRB-pairs are defined as function of system bandwidth, offset, and number of allocated PRB-pairs for distributed ePDCCH set. 
· Offset:
· From performance, and operational point of view, it could be good enough to allocate ePDCCH PRB-pairs at sub-band level. This will reduce the number of signaling bits. Within the allocated sub-band, the starting ePDCCH PRB-pair could be the lowest PRB index.  
· 2-4 bits are needed to signal this offset value.
· If more than one ePDCCH set is to be allocated in the same sub-band, then, additional offset within a sub-band could be defined. 
· It could provide frequency domain ICIC among neighbor cells for ePDCCH. It is FFS where additional X2 signaling is necessary to achieve ePDCCH ICICI.  
· Number of PRB-pairs:
· 2 bits are needed since RAN1 agreed {2, 4, 8, 16 (FFS)} PRB-pairs for distributed ePDCCH.  



[bookmark: _Ref331410089][bookmark: _Toc332977285]Figure 3: PRB indication for distributed ePDCCH

Conclusion
We presented our views on PRB indication to UE for ePDCCH transmission, and we propose the following: 
Proposal 1: We suggest considering the number of PRB-pairs (N) for ePDCCH set can be defined as {1, 2, 4, 8} for localized ePDCCH and {2, 4, 8} for distributed ePDCCH, which are defined independent of system bandwidth. UE is not expected to be configured N larger than system bandwidth.

Proposal 2: We suggest considering resources allocation signaling for ePDCCH with reduced signaling overhead.

References
[1] RAN1 Chairman’s Notes, RAN1#70
[2] R1-124005, “RRC parameters for EPDCCH”, Alcatel-Lucent  
[3] R1-123252, “PRB indication to UE for ePDCCH transmission”, NEC Group 





oleObject2.bin
Offset is explicitly signaled


Number of ePDCCH PRB-pairs are explicitly signaled


PRB#0


PRB#1


PRB#2


PRB#3


PRB#4


PRB#5


PRB#6


PRB#7


PRB#8


PRB#9


PRB#10


PRB#11


PRB#12


PRB#13


PRB#14


PRB#15


PRB#16


PRB#17


PRB#18


PRB#19


PRB#20


PRB#21


PRB#22


PRB#23


PRB#24


PRB#25


PRB#26


PRB#27


PRB#28


PRB#29


PRB#30


PRB#31


PRB#32


PRB#33


PRB#34


PRB#35


PRB#36


PRB#37


PRB#38


PRB#39


PRB#40


PRB#41


PRB#42


PRB#43


PRB#44


PRB#45


PRB#46


PRB#47


PRB#48


PRB#49


sub-band#5


sub-band#6


sub-band#7


sub-band#8


RBG#12


RBG#13


RBG#14


RBG#15


RBG#16


sub-band#0


sub-band#1


sub-band#2


sub-band#3


sub-band#4


RBG#6


RBG#7


RBG#8


RBG#9


RBG#10


RBG#11


RBG#0


RBG#1


RBG#2


RBG#3


RBG#4


RBG#5



image3.emf
Number of ePDCCH 

PRB-pairs are 

explicitly signaled

PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

PRB#16

PRB#17

PRB#18

PRB#19

PRB#20

PRB#21

PRB#22

PRB#23

PRB#24

PRB#25

PRB#26

PRB#27

PRB#28

PRB#29

PRB#30

PRB#31

PRB#32

PRB#33

PRB#34

PRB#35

PRB#36

PRB#37

PRB#38

PRB#39

PRB#40

PRB#41

PRB#42

PRB#43

PRB#44

PRB#45

PRB#46

PRB#47

PRB#48

PRB#49

sub-band#6

RBG#12

RBG#13

sub-band#7

RBG#14

RBG#15

sub-band#8

RBG#16

sub-band#4

RBG#8

RBG#9

sub-band#5

RBG#10

RBG#11

sub-band#2

RBG#4

RBG#5

sub-band#3

RBG#6

RBG#7

sub-band#0

RBG#0

RBG#1

sub-band#1

RBG#2

RBG#3

Spacing specified in 

specification based on 

system bandwidth, offset 

and number of ePDCCH 

PRB-pairs. 

Offset is explicitly 

signaled


oleObject3.bin
Text


Number of ePDCCH PRB-pairs are explicitly signaled


Spacing specified in specification based on system bandwidth, offset and number of ePDCCH PRB-pairs. 


Offset is explicitly signaled



image1.emf
Set #1

indication 

bits

Set #2

indication 

bits

Set#1

Type 

Bit

Set#2

Type 

Bit

Set #K

indication bits

Set#K

Type 

Bit

PUCCH 

Offset

PUCCH 

Offset

PUCCH 

Offset


oleObject1.bin
Set #1
 indication bits


Set #2
 indication bits


Set#1Type Bit


Set#2Type Bit


Set #K
 indication bits


Set#K
Type Bit


PUCCH Offset


PUCCH Offset


PUCCH Offset



image2.emf
PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

PRB#16

PRB#17

PRB#18

PRB#19

PRB#20

PRB#21

PRB#22

PRB#23

PRB#24

PRB#25

PRB#26

PRB#27

PRB#28

PRB#29

PRB#30

PRB#31

PRB#32

PRB#33

PRB#34

PRB#35

PRB#36

PRB#37

PRB#38

PRB#39

PRB#40

PRB#41

PRB#42

PRB#43

PRB#44

PRB#45

PRB#46

PRB#47

PRB#48

PRB#49

sub-band#5

sub-band#6

sub-band#7

sub-band#8

RBG#12

RBG#13

RBG#14

RBG#15

RBG#16

sub-band#0

sub-band#1

sub-band#2

sub-band#3

sub-band#4

RBG#6

RBG#7

RBG#8

RBG#9

RBG#10

RBG#11

RBG#0

RBG#1

RBG#2

RBG#3

RBG#4

RBG#5

Number of ePDCCH 

PRB-pairs are explicitly 

signaled

Offset is 

explicitly 

signaled


