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1. Introduction
During RAN4 AH meeting #2010-01, need for measurement gaps with carrier aggregation was discussed when RAN4 replied to RAN2 LS [1]. RAN4 reply indicated that from hardware capability point of view UE can measure without measurement gaps such carriers that can be configured for carrier aggregation with the currently active component carrier(s). It was, however, pointed that from UE power consumption point of view it may not be desirable to do measurements without measurement gaps.  In this contribution we discuss this further.
2. Measurements on configured deactivated component carrier
RAN2 has agreed that in addition to RRC level configuration of component carriers for carrier aggregation, also MAC layer activation/deactivation mechanism of component carriers is supported. Furthermore, RAN2 agreed that activated component carriers can be measured without measurement gaps since UE is anyway monitoring these carriers. Naturally, DRX has to be taken into account when setting the requirements on the measurements on activated component carriers.

Activation/deactivation of a configured component carrier was introduced in RAN2 for power saving purposes, i.e., UE needs not monitor PDCCH or PDSCH on deactivated component carriers, neither are CQIs reported for deactivated carriers. Mobility measurements on deactivated component carriers should not remove the power savings that can be achieved with deactivation, hence the measurement activity on configured component carrier should also be reduced compared to active component carrier (cf. to DRX and non-DRX).

Measuring deactivated component carriers means that the receiver has to be activated for the measurement which inevitably implies more power consumption. In Rel8/9, the measurement requirements during DRX are scaled according to the DRX cycle, i.e., when the UE is in DRX, fewer measurements are required. This is in line with power saving intention. The same principle should be followed with deactivation: when a component carrier is deactivated, it should be measured less often to save power. (There is no point in deactivating a component carrier if it has to be kept active due to measurements.) Also, the need for measurements on deactivated component carriers has to be discussed.
 Observation 1: When a component carrier is deactivated, it should be measured less often to save power similarly as with DRX and receiver should be active on the deactivated component carriers only when measurements are performed to preserve power.
When discussing the need for measurement gaps, two different scenarios have to be separated: 1) UE receiving aggregated carriers with multiple RFs (non-contiguous aggregation) and 2) UE receiving aggregated carriers with single RF (contiguous aggregation). We discuss these cases separately on the following subsections. 

2.1 Non-contiguous carrier aggregation (multiple RFs needed)

When multiple RFs are needed to support carrier aggregation, then UE can measure non-contiguous (inter-band) configured component carriers without measurement gaps, i.e. also the deactivated component carriers can be measured without gaps. However in order to preserve the power saving offered by the activation/deactivation the need of performing measurements, and the rate of the measurements should be carefully considered as noted earlier. Possible activation or deactivation of the additional receiver is expected to have negligible impact to the reception of active carriers that are received via different RF. Settling of the LO (on the activated RF) may cause some interference to the reception/transmission but as the duration of these should not exceed 0.5ms, the impact should be negligible.
2.2 Contiguous carrier aggregation (single RF)

When two adjacent carriers are configured for carrier aggregation, a single RF can be used for reception of these carriers. If one of these component carriers is deactivated, the RF bandwidth should be changed to receive only one carrier. Otherwise, significant power saving is not achieved. When changing the RF bandwidth, also the RF centre frequency has to be changed as well as the ADC sampling frequency. Also the selectivity filters have to be changed. This implies that RF retuning for deactivation (and activation) is not a simple operation (it is considerably more complex than retuning the RF for inter-frequency measurements with a measurement gap).
If measurements on adjacent (deactivated) carrier are carried out without a measurement gap, then the receiver has to be reconfigured to enable measurements and that requires retuning of RF. Re-configuring/retuning the RF means that some receiver estimates need to be updated due to change in perceived propagation medium and also that RF needs to be adjusted accordingly. Since the same single RF is used for both measurements and data reception, retuning of the RF implies also interruptions to the reception of the active component carrier. This implies a gap of a few TTIs in the DL reception of the active component carrier. And after the measurement have been done another RF retuning is required which again implies a gap of a few TTIs on data reception on active component carrier. The exact length would require further evaluation but accounting the current physical channels and signal structure would imply that the interruption duration would be in the order of 2ms. The duration depends of course on the availability of reference symbols in a slot.
Observation 2: RF retuning(s) required to measure a deactivated adjacent component carrier(s) with a single RF introduces interruptions (of a few TTIs) in the DL reception of the active component carrier. 

If the receiver re-configuration/re-tunings are not coordinated by the network (e.g., similarly as with measurement gaps), these data reception interruptions occur uncoordinated which means that some scheduled data may be lost. In addition to losing DL data due to these retuning gaps, also UL grants and ACK/NAKs for UL transmissions are lost. The amount of data loss of course depends on the rate of these interruptions and the length of a single interruption. Rate of the interruptions would depend on the requirement set for the related delays (cell search, L1 period) for the measurements on the configured carriers.  In order to completely avoid the data loss, these interruptions for receiver reconfiguration would need to be scheduled in some manner and this would imply comparable level of complexity as the Rel-8 measurement gaps, in terms of scheduling etc. for the network and also for the UE. 
Observation 3: In order to minimize the negative implications due to the interruptions, the needed rate of measurements should be kept low and/or gaps should be provided for the interruptions.

As pointed out in previous discussion maintaining the power saving benefits of the component carrier activation/deactivation will require rather careful consideration. In this light it would be also good to consider the benefits of performing measurements without measurement gaps, against using measurements gaps, furthermore noting that for inter-RAT measurements and measurements to inter-frequency layers beyond the carrier aggregation capabilities of the UE would still require measurement gaps similarly as in Rel-8/9. Thus it would be beneficial to carefully evaluate the benefits, while considering the tolerable (limited) measurement rate on adjacent carriers. As discussed in [2] increasing the receiver bandwidth sets some challenges to ADC technology. This implies also that the needed dynamic range should be considered. Adjacent carriers can be received with a single RF only when the power level received from the carriers is sufficiently close to each other . This implies that the coverage of the component carriers has to be practically the same as well as the received total power (including interference). In this light the need for measurements on the adjacent component carriers would require further evaluation, it should be understood whether measurements on the active carrier already give most of the information for the adjacent carriers. 

3. Conclusion

In this contribution we have discussed performing the mobility measurements without measurements gaps for carrier aggregation capable terminal. In the light of recent RAN2 agreements regarding the activation/deactivation of configured carrier several observations are made.  Firstly if power saving opportunities provided by carrier deactivation/activation on a configured carrier are wanted to be preserved, a deactivated component carrier should be measured less often than active component carrier. To achieve significant power saving compared to the active CC reception, it should be allowed to deactivate and activate receiver on deactivated component carriers. Furthermore receiver activation/deactivation results into interruptions to DL receptions especially in case of contiguous carrier aggregation. In order to minimize the negative implications due to these interruptions, the needed rate of measurements should be kept low and/or gaps should be provided for the interruptions. Therefore it is felt that the benefits of doing measurements without measurements gaps on deactivated component carriers should be carefully evaluated accounting also the implications to the active carriers.
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