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1
Introduction
In the recent RAN4 meetings, mobility measurements in carrier aggregation (CA) have been discussed [1, 2]. One of the main issues is whether or not UE should make measurements for RRC configured/de-activated component carrier (CC) without measurement gaps. This contribution discusses this issue further and proposes way forward in order to make progress in RAN4.

2
Discussion
As discussed so far, there would be different types of RF architecture below, which affects behaviours for mobility measurements. 

· Single RF chain for intra-band contiguous CA 

· Multiple RF chains for inter-band non-contiguous CA

We discuss how UE should make measurements in each scenario below:
<Single RF chain for intra-band contiguous CA>
We list options for mobility measurements as follows. 

· Option 1. Make measurements without gaps

As discussed so far, interruptions in the serving cells would happen due to retuning the RF chain, although the interruption period would be at most 1 ms. From a network operation point of view, such interruptions which could not be controlled by the network should be avoided. It clearly indicates that we need to reduce the number of interruptions as much as possible. One solution for this problem is to specify less stringent measurement requirements for RRC configured/ de-activated CC than those for intra-frequency measurements in Release 8. It is noted that if we specify such less stringent measurement requirements for RRC configured/ de-activated CC, we need some simulation work proposed by [1] so that reasonable mobility performance could be obtained.
It is also felt that some test cases, which verify such UE autonomous gap behaviours, would be needed so that UE would not unnecessarily degrade on-going communications in the serving cell. Similar approach was adopted in UE autonomous gap for SI reading in HeNB inbound mobility, which are specified in Release 9 specifications.
Therefore, if this option is adopted in CA measurements, it is proposed: 
· Less stringent measurement requirements should be specified for RRC configured/de-activated CC so that the number of interruptions could be minimized.
· RAN4 should conduct simulation work for such less stringent measurement requirements. 
· RAN4 should specify test cases for UE autonomous gap in CA measurement so that UE would not unnecessarily degrade on-going communications in the serving cell.

· Option 2. Make measurements with measurement gaps

Configuration of measurement gaps is controlled by RRC layer, while activation/de-activation is controlled by MAC layer. It means that measurement gaps would always be configured irrespective of activation/ de-activation state because they would be required in de-activation state, leading to degraded user throughput due to the measurement gaps. In de-activated state, such user throughput loss would not be a problem, because higher throughput would not be needed, i.e., if higher throughput is needed, de-activated CC should be activated. In activated state, such user throughput loss is undesirable, although cell throughput would not be degraded if there are many users in the cell.
· Option 3. Exclude Activation/ De-activation for single RF chain scenarios
This is the simplest solution to solve this issue. There is no state in which one CC is activated, but the others are de-activated in the same frequency band. In this solution, battery saving could be achieved by DRX operations, i.e., if there would be no packets in data buffer in the eNB and UE, then the UE would directly enter DRX mode without de-activating some of the CCs. Although the activation/ de-activation feature might be useful in certain bursty traffic scenarios, it seems to be a rather unnecessary optimisation for a corner case. Furthermore, the network operator could handle such traffic by setting the DRX cycle to a small value, such as 20 or 40 ms. The DRX feature should provide sufficient means for battery saving and it is desirable if redundant features are avoided. 

It is noted that one big advantage of this option is that we could remove some redundant state in CA operations, and therefore not only make specifications simple, but also reduce testing efforts. It should be kept in mind that we tried to reduce the number of RRC connected state as much as possible at the beginning of LTE specification work, because such a redundant state caused many problems in WCDMA. 
Although all the options would work in CA measurements if the above analysis is taken into account in the specifications, we prefer Option 3 in order to simplify the specification work in CA and to reduce the test efforts without any drawbacks of the on-going transmission/ reception in the serving cell.
Proposal 1: Activation/ De-activation procedures should be excluded, at least for single RF chain scenarios.

<Multi RF chains for inter-band non-contiguous CA>
It is quite clear that there would be no interruption due to measurements of de-activated CC, because UE has multiple independent RF chains for each CC. That is, UE should be able to make measurements of de-activated CC without any measurement gaps or any interruptions in the serving cell reception. 
Proposal 2: UE should make measurements of de-activated CC without any measurement gaps or any interruptions in the serving cell reception, for multi RF chain scenarios.
3
Conclusions
This contribution discussed how UE should make measurements of RRC configured/ de-activated CC in both intra-band contiguous CA and inter-band non-contiguous CA. Our proposals are summarized below:

Proposal 1: Activation/De-activation procedures should be excluded, at least for single RF chain scenarios.
Proposal 2: UE should make measurements of de-activated CC without any measurement gaps or any interruptions in the serving cell reception, for multi RF chain scenarios.
References

[1] R4-101386, “Need for measurement gaps with carrier aggregation”, Nokia, Nokia Siemens Networks
[2] R4-101309, “Measurements in carrier aggregation”, Qualcomm
