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1  Introduction
In the RAN4 LS to RAN2 approved after RAN4#ad hoc -1 meeting that RAN4 will further study the scenarios, which may require the UE to report mobility measurements of inactive or non-configured carriers [1]. Hitherto no further agreement regarding the open issues has yet been reached in RAN4. 

In this paper we investigate different mobility scenarios in carrier aggregation and the need for mobility measurements from the secondary component carriers (SCCs) other than the primary component carrier (PCC). 
2 Carrier Aggregation Scenarios
In TSG-RAN#47, three generic carrier aggregation scenarios were agreed in order to allow RAN4 to complete the specification in timely manner [2]. 
· FDD Intra-band aggregation scenarios:

· At least two contiguous component carriers; BW is to be decided by RAN4.
· TDD Intra-band aggregation scenarios:

· At least two contiguous component carriers; BW is to be decided by RAN4.

· Inter-band  non-contiguous carrier aggregation scenarios:

· Band 1 and band 5. The two component carriers belonging to the two bands have very different coverage i.e. F1 on band 1 (2100 MHz); F2 on band 5 (850 MHz). 
In the last RAN4 meeting, an operator proposed text proposal containing the prioritized list of carrier aggregation scenarios was approved for the RAN TR [3]. From the point of view mobility it is observed that the inter-band non-contiguous carrier aggregation scenarios in [3] also cover the case whereby:
· The two component carriers belonging to the two bands have very similar coverage i.e. either both bands are below 1 GHz or both are above 1 GHz but in similar range (e.g. F1 on band 38; F2 on band 40).
In summary we can argue that from the mobility point of view broadly there are two generic cases:

· Component carriers with substantially different coverage

· Component carriers with same or similar coverage

3 Analysis of Mobility Scenarios
In the light of the agreed scenarios in [2] and the general observation of the prioritized scenarios in [3] as described in section 2, we analyze the following two different generic scenarios whereby:

· Component carriers have substantially different coverage

· Component carriers have same or similar coverage

From the mobility performance perspective the second scenario may also apply to contiguous carrier case since the carriers will have very similar coverage. However, the UE architectures in case of contiguous carrier aggregation and inter-band non-contiguous carrier aggregation may differ. 

3.1 Carriers with substantially different coverage

Let us assume a carrier aggregation scenario with two component carriers (F1 and F2) in total (i.e. including an primary or primary carrier). The difference in coverage of F1 and F2 is assumed to be very large e.g. in the order of 6 dB or more. Thus they typically belong to different frequency bands with significant differences in the propagation conditions, hence:

F1 >> F2 or F1 << F2 e.g. F1 = 2100 MHz; F2 = 850 MHz

We further consider two different cases in terms of mobility decisions:

· Primary carrier based mobility scenario

· Mobility based on carrier with best coverage 
PCC based mobility:
This is the baseline mobility scenario in which we assume that the network takes the mobility decisions based only on measurements done on the primary carrier. Depending upon the network implementation either F1 or F2 can be the primary carrier. Apparently for mobility purpose it is sufficient that the network obtains the mobility measurements from the primary carrier without gaps i.e. to achieve mobility performance equivalent to that of release 8 intra-frequency measurements. 
However it is important to note that due to the marked difference in the coverage of F1 and F2, typically the network will intend to ensure that the carrier with better coverage (e.g. F2= 850 MHz in this example) becomes the primary carrier at least when the UE moves closer to the cell border. 

Let us now assume that currently the UE is closer to the serving eNode B and also the primary carrier is on carrier frequency F1 (e.g. 2100 MHz). The UE moves towards the cell border, where it is beneficial to change the primary carrier frequency from F1 to F2 (e.g. 850 MHz). In order to quickly change the primary from F1 to F2 in this example, the network requires faster measurements (i.e. same measurement performance on both primary and secondary carriers). This in turn requires that mobility measurements are carried out on primary and secondary carriers without gaps. 
Mobility based on CC with best coverage:
In this scenario we assume that the network performs mobility based on the carrier which has the best coverage i.e. based on F2 = 850 MHz in this example. However the carrier with the best coverage may not always be the primary carrier. For instance the network may split UEs on primary carriers belonging to different bands i.e. some UEs are assigned primary carriers on F1, whereas the remaining ones have their primary carriers on F2. Hence for the UEs whose primary carrier is on F1 (i.e. 2100 MHz), the network will require UE to report faster measurements (i.e. without gaps) from carrier F2 in order to achieve release 8 intra-frequency mobility performance. The measurements without gaps are to be performed by the UE over carrier F2 even if it has been deactivated by the network.   
Overall conclusion for scenarios in 3.1: In carrier aggregation scenarios comprising of component carriers with large difference in their coverage, mobility measurements on all configured component carriers without gaps are beneficial even if a component carrier is deactivated by lower layers or PDCCH/PDSCH monitoring.
3.2 Carriers with same or similar coverage

Let us assume another carrier aggregation scenario also with two component carriers (F3 and F4) in total (i.e. including primary carrier a.k.a anchor carrier). Furthermore F3 and F4 may belong to the same frequency band addressing the contiguous carrier aggregation scenarios or may belong to the frequency bands with similar propagation conditions, hence:

F3 ( F4 e.g. F3 = 700 MHz; F4 = 800 MHz

We further consider two different cases in terms of mobility decisions:

· Primary carrier based mobility scenario

· Advanced mobility scenario

PCC based mobility
As described in section 3.1 that this is the baseline mobility scenario in which we assume that the network takes the mobility decisions based only on measurements done on the primary carrier. It is up to the network to decide which of the two component carriers should be configured as the primary carrier. Hence depending upon the network implementation either F3 or F4 can be the primary carrier. For mobility purpose it is sufficient that the network obtain mobility measurements done only on the primary carrier. Furthermore to achieve release 8 performance the measurements should be done without gaps i.e. equivalent to intra-frequency measurements. Indeed the measurements on the primary carrier are carried out without gaps. In this particular scenario the measurements from non-primary component carrier may still be needed for example to change the primary from F3 and F4. However, it is not necessary to obtain faster measurements from the non-primary carrier. Thus measurement on the non-primary carrier carried out in the gaps would be sufficient. 
Advanced mobility scenario: PCC and SCC used for mobility
In this scenario we assume that the network performs mobility based on measurements from both component carriers i.e. F3 and F4. This scenario is particularly useful in situation when there is difference in interference on different component carriers. For instance this may lead to marked differences in RSRQ measured on the two different component carriers. Hence this scenario requires that measurements from both F3 and F4 are carried out with same intensity and are available as soon as necessary e.g. upon triggering of an event. 

It is possible that the non-primary carrier is temporarily deactivated by the network and hence no monitored by the UE for PDCCH/PDSCH reception. Therefore in this scenario we observe that faster mobility measurements (i.e. without gaps) are needed on both primary and non-primary carriers even though the latter may be deactivated. 
Overall conclusion for scenarios in 3.2: In carrier aggregation scenarios comprising of component carriers with similar coverage, the mobility measurements on all configured component carriers without gaps are needed even if a component carrier is deactivated by lower layers or PDCCH/PDSCH monitoring.
4 Influence of UE RF Architectures
A carrier aggregation capable UE may have different type of RF architecture, which may influence the serving cell reception performance when the mobility measurements are performed on deactivated CCs as also analyzed in [4]. Typically an inter-band non-contiguous carrier aggregation UE has multiple independent RF chains for each CC. Hence when UE measures on deactivated CC, either no or negligible interruption occurs on the serving cell reception.

In case of contiguous carrier aggregation capable UE, a common RF chain is used. When UE performs measurements on a deactivated CC, the UE needs to retune the center frequency of the LO. This causes interruption in serving cell reception [4]. The interruption is not likely to be within a TTI but nonethless this causes loss of scheduled data in a TTI resulting in retransmissions. The rate of interruption due to tuning and retuning of LO for the purpose of measurements on deactivated CCs, can be reduced by specyfing less stringent measurement requirements compared to those for release 8 intra-frequency. 
5 Affect of Measurements on UE Power Consumption
The concern has been raised regarding the increase in UE power consumption in case the measurements are done on SCCs, which are deactivated. This can be addressed also by specyfing less stringent measurement requirements compared to those for release 8 intra-frequency. In addition the measurement requirements can be scaled with the number of deactivated SCCs over which the mobility measurements are performed.   
6 Conclusion
In this paper we have analyzed various mobility scenarios likely to be used in practical carrier aggregation deployment scenario. Based on this analysis we conclude that from the perspective of mobility it is highly beneficial in both contiguous and inter-band carrier aggregation scenarios, that UE performs measurements on all the configured component carriers without measurement gaps. However, one or more of the configured carriers over which the measurements are to be carried out without gaps may also be deactivated by the lower layers.  In order to address UE RF architectural constraints and UE power consumptions, the measurement requirements for measuring on deactivated SCCs can be less stringent compared to those in release 8 (intra-frequency). 
In summary we propose:

Proposal # 1: Measurements on configured and deactivated SCCs are performed without gaps.
Proposal # 2: Measurement requirements for measurements in proposal # 1 can be less stringent compared to release 8 intra-frequency counterparts. Details of the requirements can be worked out if the proposal is acceptable.
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