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1 Introduction
In this contribution, we present our views on some of the remaining issues on blind decoding and search space design. In particular, we present our views on the number of blind decodes for carrier aggregation and the search space design options currently being considered in RAN1. 
2 Discussion
2.1 Number of blind decodes

In RAN1#61 meeting, the following working assumptions on the number of blind decodes for carrier aggregation were established: 
· Actual number of blind decodes (on the assumption that N_DLCC >= number of active UL CCs):

· 44 x N_DLCC for UE which is not configured with UL MIMO 

· where N_DLCC is the number of active DL CCs

· 44 x N_DLCC + Y x N_ULCC_M for UE which is configured UL MIMO 

· where N_ULCC_M is the number of active CCs which are configured for UL MIMO.

· Y is one of 0 and 16 (FFS which one)

It is currently FFS if additional blind decodes of 16 should be introduced for UL SU-MIMO as a result of introducing a new DCI format in the UE-specific search space. The number of blind decodes can be kept to 44 if a constraint is imposed such that the size of the new DCI format for UL SU-MIMO has to match the size of the downlink assignment DCI format associated with the DL transmission mode configured [2]. Problems with keeping the number of blind decodes to 44 have been discussed in e.g. [3][4]. 
Apart from the issues already raised in [3]

 REF _Ref264545364 \n \h 
[4], an issue with size-matching with DCI formats for downlink assignment is that it can change the sizes of DCI formats associated with the Rel-8/9 DL transmission modes (Mode 1 – 8), since bit padding would be required if the payload for the downlink assignment DCI is smaller than the payload for the UL grant DCI. This can happen for example when the UL bandwidth is larger than the DL bandwidth, or when the DCI format for downlink assignment is very compact (e.g. DCI format 1B and 1D). In addition, a new method to distinguish between the DCI formats for downlink assignment and the new DCI format for UL SU-MIMO would also be needed. 
Moreover, we do not see an overwhelming need to impose a strict cap on the number of blind decodes to 44 for a single CC for Rel-10 UEs. Any benefits that such restriction offers in terms of UE processing power saving or reduced detection false alarm will be small and will almost certainly be outweighed by the DCI format design complications, PDCCH performance degradation caused by bit padding, as well as significant implementation and testing costs. 
Since only a maximum of two CCs will be aggregated by a Rel-10 UE, we also do not think new methods to further reduce the number of blind decodes is needed in Rel-10. Over-optimisation at the expense of heavy standardisation work should be avoided at this stage considering the tight Rel-10 time frame.
Given the above, we recommend that the total number of blind decodes is 60 for CC configured with UL MIMO (i.e. Y= 16). There is no need for new methods to reduce the number of blind decodes in Rel-10.
2.2 Search space design

In RAN1#61 meeting [1], the following was agreed on search space design:
Agreements:

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size

Discuss further the details of search space design including the placement of CC-specific search spaces in a CC on which the UE monitors the PDCCH.

The issue discussed here is the CC-specific search space placement in the PDCCH CC when cross-carrier scheduling is configured. Various proposals can be found e.g. in [5][6][7][8]. There are essentially three main design options:
1. Independent placement of CC-specific search spaces in a CC

· This can be implemented as different hashing function for different CC [6]. 
Example: 
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is a function of the carrier index, CI.
· The Rel-8 search space corresponding to the PDCCH CC is unchanged when carrier aggregation and cross-carrier scheduling is configured.
2. Offset-based placement of CC-specific search spaces in a CC

· This can be implemented by introducing carrier-specific offset parameters in the same hashing function for the PDCCH CC.  

Example: 
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 is the CC-specific offset
· The offsets can either be fixed or configurable
· The offsets can result in partially overlapping or non-overlapping search spaces

· The Rel-8 search space corresponding to the PDCCH CC is unchanged when carrier aggregation and cross-carrier scheduling is configured, i.e. 
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3. Interleaved search spaces in a CC

· The CC-specific search space definition is a function of the number of CCs configured for cross-carrier scheduling

Example: 
[image: image6.wmf](

)

ë

û

{

}

i

L

N

CCs

m

CI

Y

L

S

k

CCE

K

L

k

+

+

=

/

mod

)

#

,

,

(

,

)

(

d

, where 
[image: image7.wmf])

#

,

,

(

CCs

m

CI

d

 is the offset which is a function of CI, m and the number of CCs configured (#CCs). 
· E.g. 
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· The Rel-8 search space placement in the PDCCH CC is changed when carrier aggregation and cross-carrier scheduling is configured

We first discuss the third option. Interleaved search spaces design has been shown to offer good PDCCH blocking performance, e.g. in [5], due to its advantage in reducing resource fragmentation. However we see the following problems:

· The search space definition is dependent on the number of CCs configured for cross-carrier scheduling. The Rel-8 search space in the PDCCH CC is also dependent on cross-carrier operation. This is problematic during RRC configuration and reconfiguration period due to the ambiguity of UE configuration. 
· The interleaved search space design incurs the most standardisation costs since the PDCCH performance requirements for Rel-8/9 cannot be reused for Rel-10. 
· The PDCCH performance is also dependent on the number of CCs configured for cross-carrier scheduling, further overloading standardisation work.

Therefore, we recommend that the interleaved search spaces should be ruled out for LTE Rel-10. The Rel-8 search space placement in the PDCCH CC should not be altered due to cross-carrier scheduling and standardisation effort should be focused on the design of the additional search space placement corresponding to the additional CC when cross-carrier scheduling is configured.
Proposal 1: Interleaved search spaces should be ruled out for LTE Rel-10. The Rel-8 search space placement in the PDCCH CC should not be altered due to cross-carrier scheduling.
The main difference between the first and second option is that the first option essentially treats the CC-specific search spaces of the same UE as if each of the search space belongs to a different UE. The amount of overlap between the search spaces for different CCs varies from subframe to subframe in the same way as that between the search spaces for different UEs in a CC. The second option allows some control over the amount of overlapping between search spaces for the different CCs. The amount of search space overlap has an impact on the PDCCH blocking probability as studied e.g. in [5]. 
Between the first and the second option, we have preference for the second option. In our view, a search space design that minimises or at least allows some control over the amount of overlap between the search spaces of different CCs for the same UE is beneficial since there is less flexibility for the eNB scheduler to resolve the PDCCH blocking problem if it is caused by self-blocking. This is unlike the case where the blocking is caused by the other UE in which case the scheduler has the option to search for other spare CCEs for the offending UE. Further study is required on the details of the second option.
Proposal 2: Offset-based placement of CC-specific search spaces in a CC is adopted. Further details are FFS.
3 Conclusions
In this contribution, we present our views on the number of blind decodes for carrier aggregation and the search space design. Our views can be summarised as follows:
Proposal 1: Interleaved search spaces should be ruled out for LTE Rel-10. The Rel-8 search space placement in the PDCCH CC should not be altered due to cross-carrier scheduling.
Proposal 2: Offset-based placement of CC-specific search spaces in a CC is adopted. Further details are FFS.
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