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1. Introduction

The necessity to use measurement gap for carrier aggregation has been discussed by [1] [2]. In this contribution we discuss further consideration regarding this issue.
2. Discussion

A component carrier in Rel-10 could have three states: activated; configured/deactivated and non-configured. The measurement on the activated CCs is straightforward and a UE should have the capability to measure all active CCs without measurement gap [3].  However whether a measurement gap is required to measure the configured/deactivated CCs needs more consideration and the selection of the solution is also influenced by the inter-frequency/ RAT measurement.
For the measurement on the configured/deactivated CC and inter frequency/ RAT measurement, we could identify the following cases:

1. Measurement is required on the configured/deactivated CCs only. This will happen when a UE locates in the serving cell centre whereas in general it is not necessary to perform the inter-frequency/ RAT measurement although the S-measure rules triggering the inter-frequency/RAT measurement is still discussed by RAN2. However the measurement on the configured/deactivated CCs is still necessary for carrier management purpose.
2. Measurement is required on both the configured/deactivated CCs and inter- frequency/RAT measurement. Typical this will happen when a UE locates at the edge of the serving cell even different serving cells have different coverage. 
3. Measurement is required on the inter-frequency/RAT only. This happens when all CCs are active or under the scenario where although there are configured/deactivated CCs, measurement activities for CC management do not make a lot of sense. For example, in the deployment scenario 4 in [4], when a UE is far away from the coverage of F2, the hot spot, the measurement on F2 should be stopped for the power saving purpose.   
2.1 UE with free RF chain
For both the intra frequency contiguous CA or inter frequency non-contiguous CA, if a UE has multiple RF chains and there is at least one RF chain which is not configured for any CC, this free RF chain could be used for the measurement of any CC as well as the inter-frequency/RAT measurement, and measurement gap is not required for the above cases 1, 2 and 3. If every RF chain is configured for a CC, however where some of those CCs are deactivated.  Most of time the RF chain configured for deactivated CCs will be turned off for the power saving purpose; therefore, it could be used for the inter-frequency/RAT measurement as well. However when the corresponding CC is activated, without measurement gap, this RF chain could no longer be used for the inter-frequency/RAT measurement. The activation/deactivation is a MAC layer operation hence some mechanism should be used to inform RRC layer in order to use another RF chain configured for deactivated CC to perform the inter-frequency/RAT measurement or allocate measurement gap if there is no RF chain configured for deactivated CC. Similar procedure may be used when a free RF chain is used to perform the inter-frequency/RAT measurement and a non-configured CC is configured and activated.
Observation 1: If there is a free RF chain which is not configured for any CC or configured for a deactivated CC, the inter frequency/RAT measurement could be performed without measurement gap. However when the status of this RF chain is changed and there is no longer any suitable RF chain, measurement gap should be allocated for the inter-frequency/RAT measurement.
2.2 UE without free RF chain
This happens when: 

(1) a UE only has one RF chain for the intra frequency contiguous CA scenario 
(2) a UE has multiple RF chains and each RF chain is configured to an active CC.
For scenario (2) since all CCs are active, only case 3 needs to be considered. Apparently a measurement gap is required to perform the inter-frequency/RAT measurement. 
For scenario (1) when both the deactivated CCs and the inter-frequency/RAT measurements are required such as case 2, measurement gap should be allocated at least for the inter-frequency/RAT measurement.  The question is whether the measurement gap is required for measuring the deactivated CCs since after retuning the RF chain’s bandwidth and centre frequency, the RF chain could measure these deactivated CCs. As mentioned in [5], the interruption time to retune an active RF chain is 1ms. We think this assumption is reasonable and have the following considerations regarding this “retune” method: 
1. Complication of the gap management 

If the inter-frequency/RAT measurement requirement in Rel-8/9 is used for the measurement of the deactivated CCs, there will be one measurement per 40 or 80ms [6]. For the power saving purpose, if the RF chain is retuned to its original state after each measurement, there will be two “retuning” gaps per 40 or 80 ms before and after the deactivated CC measurement respectively; plus one measurement gap for inter-frequency/RAT measurement. Therefore the gap management is more complicated compared with that of Rel-8/9. 
2.   Benefit of the implementation flexibility not easy to be utilized
 


After each measurement, it is not necessary for the RF chain to retune to its original state. This is a trade-off between the power saving and interruption time and the RF chain could be retune to its original state after several measurements. However in order to utilize the possible benefit of this method, eNB needs to know the behavior of RF chain in order to correctly deal with the “retuning” gap. This also complicates the gap management. 
3.    Difficult to keep consistent efficiency for all deployment scenarios 
Increasing RF measurement bandwidth is not efficient for some scenarios. For example, CC1, CC2 and CC3 are three consecutive CCs within the same band and CC1 and CC3 are at the edge of the band. If only CC1 and CC3 are required to be measured, the measurement bandwidth of the RF chain still has to cover all three CCs, this is not good for the UE power consumption. Additionally; there are also limitations from the hardware side, such as the ADC capability as mentioned in [1].    
For scenario (1) when only the measurement on the deactivated CCs is required, i.e., case 1, even though the system need not consider the allocation of the measurement gap for the inter-frequency/RAT measurement, the above three concerns still exist.
Observation 2: For the intra frequency contiguous CA scenario, retuning the RF bandwidth to perform the measurement on the deactivated CCs will increase the gap management complication and is also inefficient under some special scenarios.

3. Conclusion

In this contribution the usability of the measurement gap under different scenarios is analyzed and two observations are suggested.  Based on observations 1 and 2, it is suggested that measurement gap should be allocated when a UE does not have any RF chain which is not configured for a CC.
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