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1 Introduction

At the RAN1#59 meeting, the functionality of updating of PDCCH monitoring set is agreed to be further studied [1]. In this contribution, we analyze the need for dynamic update of PDCCH monitoring set and propose a method to realize it.
2 Necessity of dynamic update of PDCCH monitoring set

RAN2 has recently agreed on a working assumption for a common DRX state on all configured and activated CCs [2], so a UE would have to perform blind decoding on all activated CCs at the same time, which brings about the issues of blind decoding complexity and PDCCH false detection probability, etc. It is seen by a lot of companies that the definition of a PDCCH monitoring set is needed. We also think that the definition of such a set is an effective first-step towards the reduction of blind decoding complexity, especially when the number of activated CCs is large (considering the fact that the number of CCs might be extended to eight in later releases). 

Higher layer signaling could be used to update the PDCCH monitoring set, but this might be quite restrictive and would degrade the benefits of cross-carrier scheduling [3]. Furthermore, PDCCH blocking probability may get worse due to potential unbalanced loads between CCs. To deal with this problem, it is beneficial to allow dynamic selection of the CC for a PDCCH transmission. 
In addition, dynamic update of PDCCH monitoring set enables dynamic scheduling of traffic within the UE DL/UL CC set, depending on the buffer status and the power/interference conditions, thus providing efficiency and flexibility in resource usage [4]. 
CC activation/deactivation currently discussed in RAN2 might have some functional overlap with PDCCH monitoring set. However, we think CC activation/deactivation covers both PDCCH and PDSCH reception and is mainly defined in a power saving perspective, while PDCCH monitoring set is seen useful to reduce the blind decoding complexity and PDCCH false detection probability. 
With the above considerations, we propose in this contribution to update the PDCCH monitoring set dynamically. 
3 Method to dynamically update the PDCCH monitoring set

In our view, an L1 PDCCH-based control signaling should be used to update the PDCCH monitoring set. The UE should be configured to always monitor this control signaling on only one carrier (anchor carrier), and after a PDCCH monitoring set is identified, further PDCCH blind decoding should be performed on the non-anchor carriers in this set. 
One implementation of the control signaling is the active component carrier indicator (ACCI) in [5]. The LTE-A DCI format in a PDCCH for DL/UL allocation on the anchor carrier contains the ACCI indicating which non-anchor carriers have active PDCCHs. 
If only non-anchor carriers which have active PDCCHs are indicated, another new DCI format which has no resource allocation field may have to be introduced. However, to reduce the blind decoding complexity on the anchor carrier, it would be desirable to define the new DCI format to have the same size as a DCI format containing the ACCI. In addition to the information on the PDCCH monitoring set, information about CCE aggregation levels on non-anchor carriers could also be introduced in the new DCI format to further reduce PDCCH blind decoding complexity on the non-anchor carriers.

This two-level method works most efficiently when there is no resource allocated to a UE in a certain subframe, which could happen intermittently for an active UE. In this scenario, the UE would not detect the update signaling, thus it would not have to perform any blind decoding, which could save a lot of complexities.

4 Conclusions

In this contribution, we analyzed the necessity of dynamic update of PDCCH monitoring set and the way to realize such functionality, and accordingly our proposal is concluded as:
Proposal: Definition of a PDCCH monitoring set is necessary. The information about the set should be updated dynamically using L1 PDCCH based control signaling.
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