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1 Introduction
Joint scheduling grant for multiple serving cells has been discussed in previous meeting [1] – [3], although no conclusions have been achieved. In this contribution, we discuss further the topic for multi-carrier joint scheduling grants for Rel-13 eCA. 
2 Discussion
Some aspects regarding multi-carrier joint grants were discussed in [1], including higher aggregation level, blocking probability, reconfiguration of transmission mode for some serving cells, and scheduling efficiency and flexibility. The motivations for multi-carrier joint DCI are provided in [2], e.g. reduced UE complexity on DL control channel decoding, reduced false alarm probability, and reduced DL control overhead. Furthermore, some example of possible multi-carrier joint grant is provided in [2]. Furthermore, ways to support multi-carrier joint grants are discussed in [3], where the joint grant can be transmitted on either the (E)PDCCH region or the PDSCH region.
The number of PDCCH blind decoding is one of the main motivations to consider multi-carrier joint grants. Following the current PDCCH search space design, a UE supporting up to 32 carriers needs to support 12 + 32 * 32 = 1036 blind decodings in a subframe, assuming one common search space on the PCell and not supporting UL MIMO. Such a large number of PDCCH blind decodings increases the burden of UE processing capability and hence the UE complexity/cost. Therefore, it is worthwhile to consider ways to reduce the number of PDCCH blind decodings for UEs supporting carrier aggregation of 32 carriers.

Although multi-carrier joint grant can reduce the number of PDCCH blind decodings, it incurs significant specification changes. It is further noted that it is not suitable to schedule data on multiple unlicensed carriers with a multi-carrier joint grants, since the eNB is expected to perform LBT on each of the scheduled unlicensed carrier. For an unlicensed carrier which is cross-carrier scheduled by the joint DCI transmitted on another (perhaps unlicensed) carrier, if LBT on the scheduled unlicensed carrier is not successful, the joint grant is then wasted. In this contribution, we discuss an alternative which directly addresses the issue of PDCCH blind decoding complexity for Rel-13 eCA.

For carrier aggregation, RAN2 UE CA capability signaling indicates the band combination and the number of serving cells that a UE can aggregate. In addition, the UE category indicates the maximum number of DL-SCH and UL-SCH bits that a UE can process in a subframe. When the Rel-13 eCA WI is completed, RAN needs to discuss the new UE categories that target for aggregating more than 5 serving cells. It is expected that different UE categories with different peak data rates will be introduced at that time. Note that currently the PDCCH blind decoding capability (i.e. the number of PDCCH blind decodings that a UE needs to complete within a subframe) is implicitly tied to the UE’s CA capability, i.e. the number of serving cells that the UE can aggregate. For a same UE category, the PDCCH blind decoding capability thus varies depending on the UE’s CA capability. The relative complexity of PDCCH blind decoding increases if the UE supports aggregating a larger number of serving cells. Therefore, it is proposed to consider decoupling of UE PDCCH blind decoding complexity with the UE’s CA capability. 

Decoupling UE’s PDCCH blind decoding capability from the UE’s CA capability can be achieve either by UE explicitly reporting its PDCCH blind decoding capability to the network or by including the UE’s PDCCH blind decoding capability in the UE category. The PDCCH blind decoding is more of baseband processing capability. Hence it is similar in nature to the DL-SCH/UL-SCH processing capability indicated by the UE category. On the other hand, including UE’s PDCCH blind decoding capability in the UE category may significantly increase the number of future UE categories. Therefore, it is preferable for the UE to explicitly indicate its PDCCH blind decoding capability to the network.  
Proposal 1: Consider to decouple UE’s PDCCH blind decoding capability from the UE’s CA capability.
Proposal 2: UE explicitly reports its PDCCH blind decoding capability to the network. 
With the UE indication on the maximum number of PDCCH blind decodings that the UE can perform within a subframe, it is then necessary to consider how to distribute the UE PDCCH blind decoding capabilities among the aggregated serving cells. In previous releases, it was considered that the number of PDCCH blind decodings for each aggregation level is configured by higher layers for each serving cell. Such a higher layer configuration shall ensure that the total number of PDCCH blind decodings does not exceed that indicated by the UE. The eNB can estimate the PDCCH aggregation levels (e.g. based on some UE measurement) that are most likely to be used by a UE, in order to obtain the proper configuration for the number of PDCCH blind decodings per aggregation level and per serving cell. The benefit of this approach is that less specification impact is needed compared to that required by supporting joint grant, while still achieving the goal of reducing the number of PDCCH blind decodings when aggregating up to 32 DL serving cells. Therefore, we have the following proposal:

Proposal 3: Consider to allow higher layers to configure the number of PDCCH blind decodings per aggregation and per serving cell.   
3 Conclusions
In this contribution, we discuss PDCCH blind decoding reduction for Rel-13 eCA. The following proposals are made:
Proposal 1: Consider to decouple UE’s PDCCH blind decoding capability from the UE’s CA capability.
Proposal 2: UE explicitly reports its PDCCH blind decoding capability to the network. 

Proposal 3: Consider to allow higher layers to configure the number of PDCCH blind decodings per aggregation and per serving cell.   
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