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1 Background

In RAN1 #61 meeting, the followings were agreed as agreements and working assumptions on blind decoding (BD). [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)
Discuss the need for further reducing the number of blind decodes.

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

In this contribution, we discuss the open question in the #61meeting for the number of BDs, and refining the BD reduction schemes on higher level from our previous contribution [2]

2 Upper Limit of Blind Decoding Attempts
In Rel-8, the maximum number of BDs is 44 on a DL component carrier (CC). When we decided the upper limit of the number of BDs in Rel-10, the number of assignments/grants for the UE as well as transmission mode of that UE should be considered. 

In Rel-8, UE monitors DCI 0/1A and another downlink DCI which is semi-statically configured via RRC signaling depending on the transmission mode. In addition to the DCIs defined in Rel-8, new DCI formats supporting non-contiguous resource allocation, uplink SU/MU-MIMO, CoMP, or enhanced downlink MIMO may be required in LTE-A. In this contribution, we assume that BD for new DL DCIs follows the same principle in Rel-8, which is RRC configuration of a target DL DCI format, so that there are no additional BDs for new DL DCI formats. 
However, in case of uplink, additional BDs would be required due to dynamic fallback to the Rel-8 default uplink mode. Thus, the maximum number of BD in LTE-A is decided by the number of new UL DCIs and dynamic fallback capability in uplink. 
Regarding the non-contiguous resource allocation, we think that the DCI size for non-contiguous RA should be the same as the DCI 0, thus no additional BDs are required as noted in [3]. For the UL MIMO DCI format size, we think that additional 16BDs are required, i.e. Y is 16 where 44 x N_DLCC + Y x N_ULCC as discussed in [4]. 
As a result, for the actual maximum number of BDs, 44 x N_DLCC + 16 x N_ULCC_M should be supported for UE which is configured UL MIMO where N_ULCC_M is the number of active CCs which are configured for UL MIMO. Under this upper limit of the number of BDs, further BD reduction can be considered for the UE power saving and efficient PDCCH decoding in LTE-A.
3 Blind decoding reduction
For the further reduction of BDs, format indicator (FI) was suggested as a possible solution in [5]. FI can reduce the number of BDs significantly, but the overall effective code rate of the PDCCH is increased due to the fact that the separately encoded FI is multiplexed with the DCI codewords within CCEs at each aggregation level. Further, if same code rate (lower code rate for reliable FI decoding) is applied for the FI independent of the DCI formats, PDCCH performance degradation is occurred especially for the large size of DCI formats. In this respective, identical PDCCH performance cannot guaranteed with the FI according to the DCI format size and the CCE aggregation level. Thus, we think that the BD reduction method accompanying the performance degradation is not desirable. 
In our view, the DCI format size adaptation or the limitation on the PDCCH decoding trial is more reasonable approach for the BD reduction scheme, and details are discussed below. 
· DCI format size adaptation
With the DCI format size adaptation, multiple sizes of DCI formats can be decoded by only a single BD on the same search space. A unified size of DCI including multiple existing DCI formats can be called “container”. The DCI size adaptation over all candidate DCI payload sizes considering all possible BWs and transmission modes can be considered with multiple containers (e.g. 2~4 containers). With the number of containers M, 16xM BDs are required on the same UE-specific search space. DCI size adaptation over all possible payload sizes can cause excessive padded bit overhead due to various range of DCI sizes, e.g. 24 ~ 70 bits in Rel-8. Therefore we can consider DCI format size adaptation over selected DCI payload sizes for efficient size adaptation. Details of payload size restriction method are in [5]. In fact, the DCI format size adaption also causes the performance degradation in some extent due to the padding bits. However, the number of padding bits can be effectively determined according to the size of the container, so that the performance degradation is marginal than that of the FI.
· Limitation on the PDCCH decoding trial 
For the limitation on the PDCCH decoding trial, CCE aggregation level restriction and/or search space size reduction can be considered. 

If the CCE aggregation level per scheduled CC is restricted to 2 levels {X, Y}, the maximum number of BDs is reduced to 36xNcc. And, if the CCE aggregation level per scheduled CC is reduced to 3 levels {X, Y, Z}, the maximum number of BDs is reduced to 42xNcc. The monitored CCE aggregation levels {X, Y} or {X, Y, Z} per CC can be explicitly signaled using UE-specific RRC or UE-specific primary PDCCH. Details of this signaling should be further studied. 
In Rel-10, the search space size can be reduced for each scheduled CC. For example, the search space size is reduced to {3, 3, 1, 1} or {4, 4, 2, 2}, the required number of BDs are 24xNcc BDs or 36xNcc BDs, respectively. 
The CCE aggregation level restriction and search space size reduction can be differently used on the PCC and SCCs. It means that the Rel-8 PDCCH decoding is maintained on the PCC, and the CCE aggregation level restriction and the reduced search space size is only provided for SCCs.
4 Summary
Based on the discussion, we propose the followings;

Regarding the upper limit of BD attempts;

· Non-contiguous resource allocations should not require any additional BDs compared with the contiguous resource allocation case
· For UL MIMO case, new DCI format should be supported by introducing a transmission mode in the UL, and additional 16BDs are required for active CCs which are configured for UL MIMO
If RAN1 agrees on the further BD reduction in LTE-A, the high-level approaching direction should be firstly decided for further progress. And, we propose the following as the high-level approach for the BD reduction.
· DCI format size adaptation or limitation on the PDCCH decoding trial, i.e. restriction on the monitored CCE aggregation level and the search space size reduction can be considered for further BD reduction
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