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1. Introduction
At RAN2 #68 and #68bis meeting, the following agreements were made regarding measurements in CA:
1) UE sees component carriers as like any other carrier frequencies. Measurement object need to be set up for a component carrier in order for the UE to measure it.
2) All the carrier frequencies not currently configured as a CC are considered under the definition of inter-frequency neighbour cell measurement.
3) RRM measurements are possible without measurement gaps on all activated CCs.

4) All event triggers defined in Rel8/9 are valid for CA.

5) Event A3 evaluation should be possible per CC.

However, it is not clear how measurement gaps should be allocated for inter-frequency measurements under CA. This contribution discusses this issue and gives corresponding observation and proposals. 
2. Discussion
In Rel-9, whether measurement gaps are needed to perform inter-frequency/RAT measurements depends on the UE capability [1]. In Rel-10, the number of concurrent CCs that can be received, or the number of RF chains in the UE need to be considered as part of UE capability. At RAN2 #68bis meeting, separate CC activation/ deactivation was agreed. Therefore, the RF chain of the UE could be classified as: unused/ non-configured, configured and non-active, or configured and active. Depending on the state of the CC or the RF chain, the need or applicability of measurement gaps need to be studied.
2.1 UE with unused RF chain  
In this case, the UE has at least one RF chain not configured for any carrier. When inter-frequency/ RAT measurements need to be performed, measurement gaps are assumed unnecessary since the UE can utilise the unused RF chain to measure the inter-frequency/ RAT carrier.
Proposal 1:
If there is at least one unused (i.e., not configured with CC) RF chain within the UE capability, the UE should be able to perform inter-frequency/ RAT measurements without measurement gaps.
2.2 UE without unused RF chain 
If all the RF chains of the UE have been configured with CC, measurement gaps would be needed to perform inter-frequency/ RAT measurements. In this case, considerations are needed on the following points:
Since different CCs may have different properties, i.e., different functionalities associated to it, allocating gaps to certain CCs may have preference over the others. For example, configuring gaps on non-anchor/ primary CCs or non-PDCCH monitoring CCs may be preferable, not to degrade data transmission performance or mobility measurements. Hence, it seems reasonable to assume that the CC on which gaps should be created should be signalled when allocating gaps.

Proposal 2:
The identity of the CC on which gaps should be created should be signalled by the eNB, when allocating measurement gaps.
Another example is deactivated CCs. In order not to degrade data transmission performance on activated CCs, allocating gaps on deactivated CCs might be preferable. The need for gaps on deactivated CCs can be argued, since on these CCs the RF chain anyway has idle periods that can be used for inter-frequency/ RAT measurements. Nevertheless, in Rel-8, gaps are always necessary to perform inter-frequency/ RAT measurements, irrespective of the DRX state. Since deactivated CCs can be viewed as a similar concept as DRX in Rel-8, and the intention might be that the activated/ deactivated state is to be changed rather frequently by L1/ L2 control, it seems reasonable to assume that measurement gaps are needed even if the CC is deactivated.
Proposal 3:
Whether a CC is activated or deactivated should not have any influence when allocating measurement gaps. That is, even if a CC is deactivated, measurement gaps are needed on that CC if the RF chain corresponding to the CC is to be used for performing inter-frequency/ RAT measurements.
Then, whether allocating gaps to a particular CC is sufficient, or the RF chain design of the UE needs to be taken into account, needs further consideration. For example, if the measurement object was an inter-band carrier frequency, then the UE may have to use one RF chain to synchronise to the object frequency. In this case, allocating gaps to 1 CC may not be sufficient, but all CCs being covered by the RF chain may need to be allocated gaps (e.g., in Fig.1(a) both CC1 and CC2 may need to be allocated gaps). On the other hand, if the inter-frequency object was an intra-band carrier frequency, then no gaps may be needed at all (e.g., Fig.1(b)). Since this is related to UE RF design, RAN4 should be consulted.
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Fig.1  Need for gaps depends on the RF chain (a) no gaps may be needed (b) gaps are needed.

Proposal 4:
RAN4 should be consulted 1) whether allocating gaps to a CC is sufficient or all CCs associated to an RF chain needs to be allocated gaps when performing measurement on a frequency outside the RF chain bandwidth, and 2) whether inter-frequency measurements can be performed without gaps if the object carrier frequency falls within the RF chain bandwidth.
Another aspect that needs further study is whether creating gaps on multiple CCs or RF chains would be sensible. In principle, measurement performance is expected to be improved by using more than one RF chains. However, feasibility of using multiple RF chains and the potential gains need to be studied in RAN4. If such configuration has gains and is shown to be feasible, then whether gaps need to be aligned across the multiple CCs or can be independent should be clarified also.
Proposal 5:
RAN4 should be consulted 1) whether creating gaps on multiple CCs or RF chains would be sensible/ feasible, and if this is sensible/ feasible, 2) whether gap pattern/ timings need to be aligned across the multiple CCs or can be independent.
3. Conclusions
Inter-frequency/ RAT measurements with respect to measurement gap control were discussed for carrier aggregation. The followings were proposed:

Proposal 1:
If there is at least one unused (i.e., not configured with CC) RF chain within the UE capability, the UE should be able to perform inter-frequency/ RAT measurements without measurement gaps.
Proposal 2:
The identity of the CC on which gaps should be created should be signalled by the eNB, when allocating measurement gaps.
Proposal 3:
Whether a CC is activated or deactivated should not have any influence when allocating measurement gaps. That is, even if a CC is deactivated, measurement gaps are needed on that CC if the RF chain corresponding to the CC is to be used for performing inter-frequency/ RAT measurements.
Proposal 4:
RAN4 should be consulted 1) whether allocating gaps to a CC is sufficient or all CCs associated to an RF chain needs to be allocated gaps when performing measurement on a frequency outside the RF chain bandwidth, and 2) whether inter-frequency measurements can be performed without gaps if the object carrier frequency falls within the RF chain bandwidth.
Proposal 5:
RAN4 should be consulted 1) whether creating gaps on multiple CCs or RF chains would be sensible/ feasible, and if this is sensible/ feasible, 2) whether gap pattern/ timings need to be aligned across the multiple CCs or can be independent.
Regarding Proposals 4 and 5 (and any other points relevant for consultation with RAN4), NTT DOCOMO would be happy to provide a draft LS to RAN4, if agreeable.
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