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1. Introduction

A PDCCH (search space) structure definition and related parameters are proposed along with related RRC signaling. 
2. PDCCH Tree Based Structures and Assignment randomization
Figure 1 and 2 show two possible tree based structures for PDCCH Detection using multiple search spaces of size 8 CCEs.  Figure 2 illustrates a structure where a UE hops between PDCCH search spaces (SSs) of the same DCI Format type based on UEID and the current subframe number.   Figure 1 illustrates a structure where the UE is assigned to all search spaces and the DCI Format types are hopped between search spaces for a UE based on UEID and current subframe number.

[image: image1.png]N, CCED
VET DCIFormat
suntameo " 1012
B,
Subframe 2: 0,14, 3(%)
cutames 4

Search Space |

J EEEEEEEEEEEEEEEEREEEEEEEEEE]

UEs assigned to all S5 where type
of each S5 for UE determined by
UEID and subfrarme#t

DCI Format
4(DBCH)

1oz
none

0,14, 3(8)

Search Space 2

DCI Fomat
0,14,3(9

4
1oz

none

Search Space 3

DCI Format
none

0,14,309
4
Torz

CCED
ccer
ccez
cces
ccea
cces
cces
ccer

10)

13|

1

12|

14

Seaeti Space 0

ccezs

2 Search Spaces for DL
(DCIFormat1,2)

Search Space |
e
Search Space 3

b UEs Hop between S5 of

sarme type based on
UEID and subfrarme#t

Search Space 2

2 Search Spaces for UL
(DCI Format 0,14,3().4)

BW=10MHz,
4 TXAntennas





Figure 1 – UE DCI Formats Hopped between SSs.                            Figure 2 – UEs Hopped between SSs of same type.
It is proposed that:

· A static PDCCH search space structure is defined in terms of downlink and uplink system bandwidth, #TX Antennas, and PHICH configuration and control region size (n) [1].
· (Search Space Structure is characterized by - #Search Spaces, Search Space location, overlap, and size, Search space PDCCH format types [2], system bandwidth, #TX antennae, PHICH configuration and control region size (n). It is expected each search space would map to 8 CCEs)

· A UE determines its search space assignments, associated search space PDCCH (DCI) format, and hopping pattern via a hashing function based on its UEID and current subframe number.

· Per UE RRC parameter (via dedicated signaling) could be used to parameterize a UE’s hashing function if necessary.  Otherwise UE only uses UEID and subframe number.   
· RRC dedicated signaling can be used to switch between search space hypotheses subsets

· (This reduces the number of UE blind detections (searches))
· (Switching between regions of split search space conditioned on CQI is an example [10]) 
· No PDCCH Layer 1 parameters are broadcast (i.e. via SU1, SU-x, or MIB). All parameters are RRC with defaults if not signaled.  It is not necessary to pass the PDCCH Layer 1 parameters from target cell on handoff.
· A search space can support any PDCCH format 0, 1A, 1, 2, 3, 3A, and 4 (see [9] for format 4).
· A UE searches for PDCCH formats {0, 1A, 3} or {0, 1A, 3A} hypotheses in its format 0-1A-3(A) search space until all are detected or all hypotheses are exhausted for a given subframe.

· More than one CRC masking check is performed per blind detection for format 0-1A-3(A) search space hypotheses.  
· (PDCCH format 0, 1A, 3, 3A  may be distinguished by an explicit payload bit or implicitly by CRC masking based on RNTI or via CRC generation including an untransmitted type bit.)
· (If all of {0, 1A, 3 or 3A} DCI formats are to be detected for “0-1A-3(A)” search space (i.e. both 0 and 1A are searched for per subframe) then RRC signaling of non-MIMO PDCCH format 1A or 1 is not needed. This increases average number of blind detections but not maximum number. Note that UE would also search SA search space for format 1 in this case.  If UE in 2CW MIMO mode then it would not search for format 1A in the “0-1A-3(A)” search space)
· RRC signaling could be used to indicate active format types in format 0-1A-3(A) search spaces
· A static search space location (4 or 8 CCEs) for D-BCH assignment (PDCCH format 4) is defined
· The maximum number of blind detections a UE is given by:

· Max #Blind Detections:   32 = (15 DCI 1,2 + 15 DCI 0-1A-3(A) +  2 DCI 4)     (no splitting)
· Max #Blind Detections:   22 = (10 DCI 1,2 + 10 DCI 0-1A-3(A) +  2 DCI 4)  (split or restricted)
· RACH Response, PAGING, and D-BCH (SU/SIB) would use PDCCH format 4 (24-bits including CRC [9])

· (Needed for cell edge coverage and to minimize CCE resources used)

PDCCH-structure (PROPOSED)
	Parameter
	Update rate
	Cell/UE specific
	Proposed locations
	Size [bits]
	Comment

	Hashing Parameter
	>1 hour
	UE
	Dedicated RRC
	3
	Hashing function is function of (e.g.) UEID, subframe# and Hashing Parameter if signaled.

	Active DCI Formats
	>1 hour
	Cell
	RRC
	4
	Indicates the active PDCCH formats (0, 1A, 3, 3A) for UE’s “0-1A-3(A)” search regions.  Default is all are active.  Reduces blind detections

	Search Hypothesis Subset
	Kept during DRX
	UE
	Dedicated RRC
	1
	Indicates which search region subset (0 or 1) to search in. Reduces #blind detections. Default is subset 0.  Can be conditioned on CQI.
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