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1 Introduction
RAN2 is actively engaged in designing a mechanism for aggregation of multiple LTE carriers. Recent email discussions have focused on the details of what types of measurements are needed for facilitating carrier aggregation. Both mobility measurements (RRC layer measurement reports) and measurements for scheduling (CQI) have been considered.
This contribution tries to take a step back and look at what measurement related functionality is essential to enable carrier aggregation. While mobility measurements and scheduling measurements are both needed in a network that performs carrier aggregation and handovers, we consider how much interconnection there needs to be between functionality for mobility measurements and scheduling measurements.
2 Discussion
Main agreements on Carrier Aggregation so far:
· UE has a single RRC connection to the network.
· There is one special cell for each connected UE which provides the security input and the NAS mobility information.
· When configuring a component carrier, dedicated RRC signalling is used for sending relevant system information of the component carrier that is necessary for transmission/reception on that carrier.
· Requiring the UE to monitor SI change notification on all configured CCs, or requiring the UE to periodically read the SIB1 on all configured CC’s, is not an acceptable solution
· UE sees component carrier as any other carrier frequency.  A measurement object needs to be set up for a component carrier for the UE to measure it.

· All the carrier frequencies not currently configured as component carriers are considered under the definition of inter-frequency neighbour measurement.
At this point there has been little or no discussion as to how the UE indicates its ability to aggregate multiple carriers. This may be linked to a UE category or may be based on feature specific capability signalling. Irrespective of this, it is clear that a UE’s ability to engage in carrier aggregation does not necessarily point to its need for carrier aggregation at a given time. Thus, it is preferable for the UE to not have to perform tasks related to carrier aggregation without first establishing that the network intends to use carrier aggregation in the immediate future (i.e. in the next 10s of ms). This would help in minimizing the impact to the UE and also network.

In the most general case of multi-carrier deployments, it is safe to assume that not all frequencies that are supported for mobility are also supported for carrier aggregation. Limitations would be primarily due to RAN WG4 based RF limitations.

It is equally possible that the network limits the UE’s mobility to a subset of carriers while allowing carrier aggregation among a larger set. This is desirable since there is considerable impact to UE performance if a large number of measurements are configured for mobility. 

To some extent therefore, it is desirable to treat the two aspects of mobility and carrier aggregation separately. At the same, to avoid latency due to handover between eNBs, it is preferable to account for mobility while addressing the issue of carrier aggregation.
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Figure 1
Figure 1 shows, at a high level, the sequence of events involved in carrier aggregation. To reduce impact both to the UE and to the network, it is assumed that carrier aggregation is configured only following the arrival of data (in DL) and similarly on receipt of buffer status reports indicating need for CA in UL
. These assumptions should help to reduce the complexity involved in measurement configuration for UEs capable of carrier aggregation. 

The “period of aggregation activity” includes the durations during which any aggregation related activity is performed. Such activity includes:

1. any measurements to help with initiating of aggregation and picking the component carriers/resources for aggregation;

2. any signalling related to initiation and the stopping of aggregation; and

3. monitoring of multiple component carriers, and receiving and transmitting over multiple carriers.

In order to avoid excessive UE battery consumption, the period of aggregation activity should not span an interval that is much larger than the aggregation data transmission interval. Specifically with respect to measurements, any measurements to support aggregation should be tied to an actual need for aggregation.

At this stage of the specification process, it is thought sufficient to capture that any measurement impact related to carrier aggregation is limited to the time period when carriers are being actively aggregated and data transmission is ongoing or about to be initiated. Simply because a UE is capable of measuring “n” carriers simultaneously without configuring gaps, the network should not require the UE to make measurements unless essential. 

Proposal 1: Impact to UEs capable of carrier aggregation but not engaged in carrier aggregation shall be minimized. Measurements of non-primary component carriers should not be enabled for aggregation purposes prior to actual data arrival in DL and/or UL.
In order to start aggregation over a set of component carriers (i.e., “activate” the set of component carriers), the eNB needs to determine (referred to as “activation related decisions”): 
· An initial value for the Activated CC set, and
· A resource allocation.  
There are two primary models that can be considered for activation:
1. CQI based activation: An eNB supports aggregation of a certain set of component carriers. When the eNB sees a need to perform aggregation (e.g., data arrival for a UE), it can ask a UE to report CQI from any subset of these carriers. The CQI information is used to determine the initial activated CC set and the resource allocation. 
2. Mobility measurements based activation: When the eNB sees a need to perform aggregation (e.g., data arrival for a UE), it configures the UE to perform mobility measurements and measurement reporting of a set of carriers. The mobility measurements are used to determine the initial activated CC set. The resource allocation is determined conservatively since CQI reports are not yet available. 

Below we compare the two models:

	
	CQI based Activation
	Mobility Measurements based Activation

	Mobility Measurements
	Not needed for the activation related decisions.
	Mobility measurements are infrequent by design (compared to CQI) and may not provide adequate information for an efficient choice of the initial aggregation resource allocation.

Furthermore, details of mobility measurements (triggers, periodicity, averaging, etc) have to be considered.

	CQI Measurements
	CQI is used for determining the initial activated CC set, and the resource allocation.
	CQI is needed for continued scheduling anyway.

	Delay before data can be transmitted
	UE has to be configured to measure and report CQI of the relevant carriers. CQI reports might need to be delayed to allow for some stability in the measurements.
	UE has to be configured (via RRC) to perform mobility measurements. L3 filtering of measurements can also add to delays. Small values for the filtering duration will have to be chosen. The delay is likely to be similar or worse than the CQI based activation approach.

	UE battery
	CQI measurements lead to a slight increase in current drain but this is only prior to the onset of aggregation since CQI measurements are required subsequent to the initiation of aggregation in both models. It is unclear which approach is better from a battery consumption point of view.
	Mobility measurements lead to an increase in the current drain that depends on various measurement configuration parameters. CQI measurements are required after aggregation has been initiated. It is unclear which approach is better from a battery consumption point of view. 

	Signalling Overhead
	Signalling of relevant system information and CQI configuration for CCs that may be aggregated is needed. CQI reporting of (non-primary) CCs only occurs just prior to the aggregation decision. So overall signalling overhead is likely to be lower.
	Signalling of relevant system information for CCs that may be aggregated is needed. Additionally, CQI configuration and CQI reporting may also be needed. So overall signalling overhead is likely to be higher.

	UE complexity
	Enabling CQI for multiple carriers adds substantial complexity at the UE. However, for carrier aggregation, this is unavoidable. The additional complexity at the UE related to the use of CQI measurements for activation decisions is negligible.
	The general assumption is that the configured (non-primary) carriers are treated as serving carriers. This requires the UE to regard multiple cells as serving cells and can make the handling of measurement events complex. 

	eNB complexity
	The eNB activation procedure would need to use CQI measurements as input.
	The eNB activation procedure only uses mobility measurements as input. This appears to be simpler; however it may not be efficient since CQI reports are not available for some period.


This initial comparison suggests that the CQI based activation is somewhat simpler and preferable. However, there may be other issues that need to be further studied. 
3 Conclusion
We have considered measurements functionality in the context of carrier aggregation. It is proposed that RAN2 discuss and agree on the following proposal:
Proposal 1: Impact to UEs capable of carrier aggregation but not engaged in carrier aggregation shall be minimized. Measurements of non-primary component carriers should not be enabled for aggregation purposes prior to actual data arrival in DL and/or UL.

We have also compared the two primary approaches for activation. We propose that RAN2 take the comparison into account in discussions on the activation mechanism for carrier aggregation.
� We assume that is it not practical to have carrier aggregation operating continuously due to the associated complexity and the impact on the UE battery life.
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