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1. Introduction 
In RAN1 #61 meeting, the following has been agreed for blind decoding [1].
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)
It is still FFS whether or not the number of blind decodes should be reduced, and some alternatives have been proposed in [2-6].  In this document, we further discuss these proposed methods. 

2. Comparison of possible methods

We summarize the proposed methods and investigate the benefits or concerns to support each method. 
· Method 1: Monitor the common search space on PCC
· In the RAN2 #70 meeting, it was agreed that SCC cell SI received with dedicated signalling remains valid until the Scell is released [7]. It means that the UE does not need to receive SI from Scell. In addition, paging and random access response will not be transmitted on Scell. And, DCI 3/3A may not be supported for Scell and even if supported, the UE does not need to monitor TPC from Scell because the cross-carrier TPC would be introduced. Given that the main purpose of monitoring the common search space is to receive SI, pagaing, random access response and DCI 3/3A, it is not necessary to monitor the common search space on Scell, and this can reduce the number of blind decodes. 

· Reduction of number of BDs: It can be reduced as 44 + 32 x (N-1), where N is the number of supported CCs.  

· Method 2: Reduce PDCCH candidates in case of cross carrier scheduling [2]
· If and when sharing is supported between search spaces, the blocking probability of each DCI format will be lower because the number of possible PDCCH candidates is increased. In this case, the number of PDCCH candidates would not need to be same as Rel-8.  
· Reduction of number of BDs: There may be no reduction if the UE supports both separate scheduling and cross carrier scheduling. But, in case of cross carrier scheduling, the number of actual blind decodes can reduced as 44 + K x (N-1), where N is the number of configured CCs. This benefit cannot be achieved when carriers having different system bandwidths and/or transmission modes are aggregated and search space sharing is not supported. However, if the difference in size between two different DCI formats is not large, padding bits can be inserted to make the two DCI formats the same length [3]. For example, DCI formats such as DCI 0/1A do not significantly increase in size as the system bandwidth increases. In this case, with only a few padding bits, sharing between search spaces can be supported. Consequently, we can reduce the number of PDCCH candidates. 
· Concern: K should be carefully chosen so that the blocking probability is not reduced compared to Release-8. 
· Method 3:  Format indicator based solution [4,5]
· The authors propose a separately coded format indicator, which allows the UE to know the DCI format before actually decoding a PDCCH candidate.  This reduces the blind decoding by the number of DCI formats per PDCCH candidate (2 in Rel-8) at the expense of a new PHY channel [4, 5]. 
· Reduction of number of BDs: The expected reduction is 22 x N, where N is the number of supported CCs.
· Concern: This method brings a large gain in terms of the number of reduced BDs in UE capability. However, it would require significant modification of UE operation on PDCCH reception because the UE has to monitor the new DCI including format indicator and also decode the normal DCI format. This PDCCH monitoring operation should be newly defined. In addition, the reliability requirement of new DCI format should be defined in addition to the normal DCI format. 

· Method 4: Limit possible aggregation levels and/or PDCCH candidates with higher layer signalling [6]
· The eNB limits the blind decoding explicitly through RRC signalling. For example, as part of carrier assignment, the eNB could instruct the UE which aggregation levels to monitor.  Alternatively, the eNB could instruct the UE on how many PDCCH candidates to monitor for each aggregation level. 
· Reduction of number of BDs: The number of BDs in UE capability remains the same as working assumption but it reduces the actual number of BDs. The amount of reduction depends on RRC signalling. 
· Concern: There is a trade-off between the scheduling flexibility/blocking probability and the gain of reduction of BDs. 
· Method 5: Indication of the scheduled CCs
· A new field can be added to the DCI format of the PDCCH of PCC to indicate which other carriers contain a grant for the UE as described. This method is good to reduce the number of BDs when PDSCH is not scheduled in non-PCCs. 
· Reduction of number of BDs: The number of BDs in UE capability remains the same as working assumption but the actual number of BDs is reduced depending on the scheduled CCs.
· Concern: DCI format if PCC is not scheduled, the UE have to perform full BDs for SCCs because the UE does not know whether or not SCCs are scheduled .
·  Method 6: Limit possible aggregation levels implicitly

· The PDCCH of PCC or any CC is used implicitly to reduce the blind decoding of one or more of the remaining carriers.  For example, if the UE detects a grant at a particular aggregation level on PCC, then the UE narrows its search on the one or more of the remaining carriers based on this aggregation level. In this option, the existing PDCCH is not modified for the purpose of reducing blind decoding, which is desirable from a standardization perspective. In case of cross carrier scheduling, it is very likely to use same aggregation level for multiple PDCCHs transmitted on a CC.
· Reduction of number of BDs: It depends on the aggregation level used in the scheduling. 
· Concerns: It is only efficient for cross carrier scheduling because the channel situation of each carrier would not be coherent.
Based on the above summary of each schemes, the following are our observations on the proposed methods. 

· Method 1 should be supported because the UE does not need to receive SI on Scell based on RAN2’s agreement. Therefore, the number of BDs in UE capability should be changed as 44 + (N-1) x 32, where N is the number of supported CCs.

· The method 2 decreases the number of blind decodes in case of cross carrier scheduling. It should be discussed if we need to have a different blind decoding capability for separate scheduling and cross carrier scheduling. 

· Although the gain of method 3 is noticeable in terms of number of BDs in UE capability, method 3 is not preferred because of the complexity in the DCI reception. Therefore, the format indicator based method is not preferred. 

· Methods 3/4/5/6 reduce the actual number of BDs rather than the number of BDs in UE capability. But, it is still beneficial to save UE power for PDCCH blind decoding. Considering the complexity and the gain of reduction, methods 4 and 6 are preferred, i.e. limitation of aggregation level with RRC signalling or based on the detected PDCCH should be further discussed.

3. Conclusions
In Section 2, we analysed the expected number of BDs and the possible benefits or concerns about the proposed schemes for the reduction of BDs. Based on the discussion in Section 2, we recommend as follows.
· The number of BDs in UE capability should be changed as 44 + (N-1) x 32, where N is the number of supported CCs. 

· Limitation of aggregation level with RRC signalling or based on the detected PDCCH should be further discussed as possible solutions. 
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