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1
Introduction
In RAN1#57bis certain the issue of Component Carrier (CC) sets was discussed and the following CC sets were defined
“UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signaling on which a UE may be scheduled to receive the PDSCH in the DL.

UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.

· FFS whether the definition of the UL CC set will be needed in the specfications”

The issue of whether additional subsets are required for monitoring the PDCCH or for more dynamically changing the component carrier subset was slated for further discussion. 

In this document we briefly discuss various options for PDCCH monitoring and propose that a PDCCH monitoring set should be defined for LTE-A. 
2
Discussion
2.1 Options for PDCCH Monitoring

PDCCH monitoring in LTE-Rel8 can be controlled by the network by appropriately configuring the various DRX timers described in Section 5.7 of TS 36.321[1]. As described there, UE monitors PDCCH during “Active time”. In addition to this, regardless of whether the UE is monitoring PDCCH or not it receives and transmits HARQ feedback when feedback is expected.
For LTE-A, with support for carrier aggregation, the concept PDCCH monitoring needs to be extended to multiple carriers. We see the following options

Option 1: The concept of Rel8 PDCCH monitoring is directly extended across multiple CCs. UE monitors the control region of all the CCs within its preconfigured UE DL CC set based on a single set of DRX timers that apply to all the CCs.
Option 2: UE monitors the control region of all the CCs within its preconfigured UE DL CC set based on a separate set of DRX timers that apply to each CC [1].
Option 3: UE monitors the control region of only one CC (anchor CC) within its preconfigured UE DL CC set based on DRX. PDCCH monitoring on other CCs is activated/deactivated using dynamic signaling from the anchor CC [2][3].
While option 1 is the most straightforward, it is also least desirable from a UE power consumption perspective especially for cases where UEs are seldom scheduled on all CCs. Option 2 provides some additional flexibility over option 1 by allowing the network to configure different DRX periodicity and ‘on duration’ for each CC. For example, the network can make the UE monitor an anchor CC more often than other CCs and schedule large data bursts only in certain sub-frames where the DRX parameters allow the UE to monitor multiple CCs. Option 3 perhaps provides the most efficient mechanism to restrict UE PDCCH monitoring activity to only those CCs on which the UE is scheduled. However, as described in [3], benefits of option 3 are conditioned upon having a quick and robust signaling scheme to activate/de-activate CCs. 
Dynamic L1 PDCCH based activation/deactivation of UE configuration is already supported by LTE Rel8 in the context of Semi-persistent scheduling. While a similar design could be studied for PDCCH monitoring activation/deactivation, additional aspects shown below should also be considered.
· UE processing delay to turn on PDCCH monitoring on additional CCs after receiving an activation message.

· UE processing delay to transmit PUSCH on additional CCs after receiving an activation message. 
· Trade off between signaling overhead of activation/deactivation messages and latency compared to option 2.
· Mechanisms to indicate SI-change for non-activated CCs  

Proposal 1 – Mechanisms that allow a UE to monitor PDCCH only on a subset of CCs within its preconfigured DL CC set should be supported for LTE-A. 
Proposal 2 – It is FFS whether PDCCH monitoring on certain CCs can be dynamically activated/deactivated using explicit L1 signaling. 
2.2 PDCCH Monitoring Set
Given proposal 1, the subset of CCs within the DL CC set of a UE on which UE monitors PDCCH can be defined as a PDCCH monitoring set. PDCCH monitoring set is UE specific. UE can determine its PDCCH monitoring set either implicitly based on individual CC DRX configuration or explicitly based on dynamic activation/deactivation signaling. 
Proposal 3 – PDCCH monitoring set, defined as the subset of CCs within the DL CC set of a UE on which UE monitors PDCCH, should be supported for LTE-A
When a UE is configured for cross-carrier scheduling it may have to receive other CCs (cross-schedulable CCs) in addition to CCs within the UEs PDCCH monitoring set. This can reduce UE power saving gains obtained by monitoring only a subset of CCs. However, cross-carrier scheduling is not expected to be configured for every aggregation scenario and is only configured for certain specific scenarios where some CCs are not reliable for supporting control signaling or, scenarios where it is desirable to configure some CCs without control signaling. Furthermore, it is likely that cross-carrier scheduling is configured only for a subset of CCs (e.g., scenarios 1d, 1e in [4]) and not all the CCs. In such cases UE power savings gains by monitoring only a subset of CCs can still be achieved.  .
3
Conclusions

We propose the following

Proposal 1 – Mechanisms that allow a UE to monitor PDCCH only on a subset of CCs within its preconfigured DL CC set should be supported for LTE-A. 

Proposal 2 – It is FFS whether PDCCH monitoring on certain CCs can be dynamically activated/deactivated using explicit L1 signaling. 

Proposal 3 – PDCCH monitoring set, defined as the subset of CCs within the DL CC set of a UE on which UE monitors PDCCH, should be supported for LTE-A.
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