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1 Introduction

In [1] at RAN1 meeting #61, the Way Forward on PDCCH for Bandwidth Extension in LTE-A is as follows:

Agreements:

· Number of blind decodes for single carrier operation

· Single carrier operation without MIMO or non-contiguous resource allocation: X = 44

· Non-contiguous resource allocation: X = 44

· UL MIMO: FFS

· FFS: need for further reducing the number of blind decodes.

· Relation between actual number of blind decodes to the number of active/configured/supported CCs:

· actual number of blind decodes depends on the number of active CCs 

Working Assumptions:

· Actual number of blind decodes (on the assumption that N_DLCC >= number of active UL CCs (to be checked!)):

· 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)

Discuss the need for further reducing the number of blind decodes.

Discuss the need for configuring the actual number of blind decodes.

Check RAN2’s discussions on number of common search spaces the UE has to monitor on different SCCs.

Considering the large computation burden and power consumption of PDCCH BD, the above agreement encourages investigation of any methods to reduce the PDCCH BD burden. In this contribution, we analyze in more detail the computation burden and power consumption of PDCCH BD, and summarize all possible methods to reduce PDCCH BD that have showed in contributions from different companies so far, to help have a better understanding and progress of this important topic.
2 Analysis of PDCCH BD's computation burden and power consumption
Firstly, it had been estimated that 100 PDCCH BDs is about the same computation burden of decoding PDSCH at 4Mbps data rate in [1]. Suppose the average blind decoding numbers in Rel-8 is 22, then the average power consumption of PDCCH BD is about that of PDSCH decoding at 1Mbps data rate. 

Secondly, the NB only schedule about 10 UEs in one subframe in average, while usually, more than 100 UEs are active in a cell. This means that in 90% of the non-DRX subframes, a certain UE is not scheduled and does not need to decode the PDSCH, while it still needs to do the PDCCH BD in these subframes. Moreover, in those 90% subframes that no PDSCH was scheduled for a certain UE, the UE needs to do 44 instead of 22 PDCCH BDs. So in many cases, the average power consumption of PDCCH BD may be even larger than the PDSCH decoding part.
Observation: The average computation burden and power consumption of PDCCH BD may be even larger than PDSCH decoding.

3 Summary of PDCCH BD reduction methods
· Align different DCI into same size through Padding [2]:
Pros:

· 
Could reduce the BD burden by aligning different DCI into same size through padding;


Cons:

· 
Padding will lead to performance loss, the more padding bits needed, the larger performance loss;

· 
Along with more and more new DCIs with different size, it seems harder and harder to align them into same size through padding.

· Reduce the possibilities of Aggregation Level and/or Location explicitly or implicitly [2]:
Pros:

· 
Could reduce the BD burden since UE needs to do BD attempts on less possible Aggregation Level and/or Location.

Cons:

· 
Reducing the possibilities of Aggregation Level sometimes maybe impossible unless the eNB is aware of the channel quality and know what the proper Aggregation Level should be. For example, suppose a UE in a bad SNR condition and only 4 or 8 CCE can ensure reliable communication. If the eNB is not aware of this and limit the Aggregation Level to only 1 and 2 CCE, then reliable communication is impossible.

· 
Reducing the possibilities of location may lead to higher blocking probability in NB scheduling.

· Reduced PDCCH monitoring Set [3]:
Pros:
· The BD number will be reduced because the UE only needs to do BD on the CCs in the PDCCH monitoring set instead of all DL CCs.

Cons:

· 
PDCCH scheduling blocking probability may increase since now one CC needs to carry the PDCCHs corresponding to several CCs.

· Format indicator based solution [4, 5]:

Pros:

· 
The number of convolutional decodings can be reduced from 32 to about 16 or 5 for each CC;

· 
The DCI design is much more flexible than Rel-8 because DCI index information is contained in part I.

· 
The false uplink transmission and interference is reduced.

Cons:

· 
The performance loss due to the FI part leads to additional PDCCH overhead. However, if eNB only apply the FI-based PDCCH scheme on UEs operating in multi CC mode, the overall additional PDCCH overhead is only about 2.5%.

· 
The UE needs to implement two different PDCCH decoding schemes. However, the only new thing of FI-based PDCCH scheme is the FI part, while the decoding complexity of this part is very small, only about 1/600 of the convolutional decoding.

· Common PDCCH only received on one CC [6]:
Pros:

· 
Could reduce the BD burden on CSS.

Cons:

· 
May need some additional high layer signalling or new common DCI scheme to transfer the common signalling for other CCs.
4 Conclusions
In this contribution, we firstly analyze the computation burden and power consumption of PDCCH BD and it is observed that:

Observation: The average computation burden and power consumption of PDCCH BD may be even larger than PDSCH decoding.

Considering the large computation burden and power consumption of PDCCH BD and therefore, the urgency and importance of reducing it to facilitate the UE implementation, we analyze the pros and cons of several methods to resolve this problem. We propose that 3GPP should discuss and study further of these methods.
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