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1
Introduction
In [1], RAN2 asked RAN4 questions pertaining to measurements in a carrier aggregation scenario. We briefly discuss these questions in this document to enable RAN4 to provide a reply LS to these questions. 
2
Discussion
Q1: Is it reasonable to assume that a UE is able to perform measurements on each component carrier, which is configured for data transmission (i.e. the carrier is active)?

If a UE is already operating on all the component carriers, it seems reasonable that the UE can perform measurements on those carriers without having to take a measurement gap. This is because the UE only needs to process already available samples on that carrier, and does not need to change settings of the RF front end etc. Note that performing measurements on would be equivalent to performing intra-frequency measurements in a single carrier scenario, where no measurement gaps are needed. 
Q2: In which scenarios the UE can be assumed to perform measurements on component carriers without measurement gaps? For example, (assuming that the answer to Q1 is “yes”), does RAN4 foresee cases where carriers, which are not configured for data transmission (but are included in the capabilities of the UE), can be measured by the UE without measurement gaps. If yes, are there any restrictions that would apply?
From a simple feasibility point of view, this question is directly linked to the UE capability w.r.t. carrier aggregation. For a UE to be able to perform a measurement on a carrier (say f3) while still operating on another carrier (say f1), it needs to have the capability (w.r.t. RF front end tuning, baseband processing etc.) of receiving jointly on those two carriers. 
If the UE does have the capability of receiving jointly on f1 and f3, then it should be allowed to perform measurements on f3 without a measurement gap on f1. However, there are a few considerations to take into account here. The first is the amount of time taken to change the RF settings (e.g. change LO tuning) to be in a position to receive the signal on f3. Consider an example where a UE is operating on f1 and f2 and is the asked to provide measurements on f3. Let us assume that the UE can jointly receive on f1 and f3. The UE can then retune its RF to stop receiving on f2 and start receiving on f3. For a contiguous carrier scenario, this could involve retuning the local oscillator, which should not take more than a few tens of microseconds. For a non-contiguous carrier scenario, this process involves deactivating the RF front end for one band and activating it for the other, which should also not take more than a few hundred microseconds. Thus the time needed for retuning is small in both contiguous and non-contiguous scenarios, and the loss in data demodulation performance is negligible as at most one subframe is lost. Furthermore, since the network is aware of when such retuning occurs, it can take measures to avoid scheduling the UE on the subframe of interest. 
A second consideration is the battery life implications. Suppose a UE is operating only on carrier f1 and is asked to perform measurements on f3. If it has to measure f3 without a measurement gap, then it needs to activate the RF chain for f3 (non-contiguous case) or increase the sampling rate to encompass f1 and f3 (contiguous case). This would create a battery life impact; however this should be considered in comparison to the battery impact due to the measurement gap. If the UE were to take a measurement gap on f1, it would have to stay active f1 at a later time to recover the data not received during the measurement gap. Thus the battery impact with and without measurement gaps is similar, at least to a first order. 
Based on this analysis, we propose that a measurement gap on a certain carrier A is not needed to perform measurements on a carrier C if the UE is capable of simultaneous data reception on the carrier combination A and C.
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