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1. Introduction 
It has been agreed and captured in 3GPP TR 36.814 [1] that carrier aggregation should be used to support system bandwidth beyond 20MHz. Carrier aggregation can also be used to support operation in a system with non-contiguous spectrum. An LTE-A UE can be assigned multiple component carriers to increase the peak and instantaneous data rate provided to the UE. 
The use of carrier aggregation to support heterogeneous network deployments, interference management across different power class cells as well as open access and closed subscriber group (CSG) cells was proposed in [2] and [3]. In [3], it is proposed that an eNB only use a subset of available component carriers for the purpose of interference management and power saving as part of the green communication effort.
As traffic demand can differ in different geographical areas, it is likely that the number of component carriers that are required for each cell is different.  For example, a cell located in a hot-spot area (e.g. downtown area) may require three component carriers to be used while a cell located outside of the hot-spot area may require only one or two component carriers to be used. In addition, the traffic demand can also change at different times of the day for the same geographical area. For example, the traffic demand in a cell located in downtown area may reduce during off-peak hours. In this case, the number of required component carriers can be reduced to two or less during off-peak hours.
Due to different traffic demand or different power classes, two neighbouring cells may not require the same number of component carriers. Even if the same number of component carriers is required, the component carriers chosen for each eNB can still be different for the purpose of interference avoidance. This is applicable for the cases of cells with different or same power classes.
From the above discussion, it is quite likely that neighbouring cells can have different sets of component carriers deployed or in use at a particular time. In this contribution, we discuss the support of carrier aggregation for a LTE-A UE in the case of heterogeneous carrier deployment.
2. Support of Carrier Aggregation for UE at the Cell Edge
From an LTE-A UE’s perspective, carrier aggregation can be used to provide higher peak data rate or instantaneous data rate to the UE. This is applicable to both cell centre UEs as well as cell edge UEs. Since a lower MCS has to be used for a cell edge UE, to provide similar or acceptable user throughput, more RBs are typically assigned. The use of carrier aggregation provides another dimension of resource sharing between UEs to provide more uniform throughput among cell centre and cell edge UEs. For example, a cell edge UE can be assigned PDSCH resource on more than one component carrier while a cell centre UE is assigned PDSCH resource on only one component carrier.
In the case of heterogeneous carrier deployment across neighbouring cells, for example cell A has carrier 1 deployed, and cell B has carrier 1 and carrier 2 deployed, a cell edge UE served by cell A which is located at the boundary of cell A and cell B can be allocated PDSCH resource on carrier 1 and carrier 2 to improve the cell edge user throughput. Although carrier 2 is not transmitted by the serving cell (cell A) of the UE, the PDSCH transmission on carrier 2 to the UE can be done in a similar fashion as CoMP transmission where a CoMP PDSCH region is defined either in FDM or TDM fashion with non-CoMP and Rel-8 PDSCH as described in [4]. The PDSCH transmission to the UE on carrier 1 can also be in CoMP mode involving cell A and cell B. For carrier 1, the PDSCH received SINR at the UE is improved by CoMP transmission from cell A and cell B. For carrier 2, even though the PDSCH transmission is from cell B only, as the interference experienced on carrier 2 is small, the PDSCH received SINR can also be high and comparable to that of PDSCH on carrier 1. This example is illustrated in Figure 1 below, where UE1 is the cell edge UE whose serving eNB is eNB1. eNB1 and eNB2 are the CoMP transmission points to UE1 on carrier 1, whereas eNB2 is the CoMP transmission point to UE1 on carrier 2. UE2 is a cell centre UE served by eNB1 on carrier 1 in non-CoMP fashion.
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Figure 1 Example of assigning multiple component carriers to a UE at cell edge in the of case heterogeneous carrier deployment
As agreed in RAN1#58 [9], the PDCCH transmitted on one component carrier can assign PDSCH resource on another component carrier. In the example shown above, the serving cell transmits PDCCH on carrier 1 to the cell edge UE to assign PDSCH resources on both carrier 1 and carrier 2.
In addition to the scenario described above where a cell edge UE is allocated PDSCH resource on multiple component carriers deployed by its serving cell or a neighbour cell to increase the user throughput, there may also be a scenario where a cell edge UE is assigned PDSCH resource on a component carrier deployed by a neighbouring cell but not deployed by the serving cell to off-load the congestion experienced on the carrier deployed in its serving cell.
The above scenario can also be applied to a UE served by a pico or femto cell and located at the coverage boundary of the pico/femto cell. Similar to the example shown above, the pico/femto cell has carrier 1 deployed, whereas the macro cell within which the pico/femto cell is located, has carrier 2 and carrier 3 deployed. Due to the low transmit power of the pico/femto cell, the DL signal strength received by the UE from the macro cell may be stronger than the DL signal strength received from the pico/femto cell. For the purpose of load balancing as well as improved DL user throughput, it may be beneficial to schedule PDSCH transmission to the UE from the macro cell on carrier 2 or carrier 3. In addition, carrier aggregation can be employed to further improve the UE’s throughput, whereby the UE is scheduled PDSCH transmission from the pico/femto cell on carrier 1 and PDSCH transmission from the macro cell on carriers 2 and 3. 
3. Support of CoMP for Carrier Aggregation
In addition to providing carrier aggregation support to cell edge UEs in heterogeneous carrier deployment scenario, in general, CoMP should be supported in conjunction with carrier aggregation for both homogeneous and heterogeneous carrier deployment scenarios. As CoMP provides both cell spectral efficiency and cell edge efficiency improvements as shown in [6] - [8] on a per carrier basis, supporting CoMP for carrier aggregation will provide improvement in both cell throughput as well as user throughput.
The current definition of CoMP in 3GPP TR 36.814 [1] can be extended to support carrier aggregation. CoMP cooperating sets, CoMP transmission points and CoMP measurement set can be defined for each component carrier assigned to the UE. The CoMP sets for different component carriers can be the same or different depending on implementation specific factors such as carrier deployment in neighbouring cells, interference conditions on each component carrier, traffic loading on each component carrier, etc. Similarly, the CoMP transmission schemes, i.e. joint processing, coordinated beamforming/scheduling, dynamic cell selection, can be the same or different for different component carriers assigned to the UE.
The notion of UE DL/UL component carrier set was agreed upon during the RAN1#57bis meeting. To support heterogeneous carrier deployment, the UE DL/UL component carrier set can consist of carriers deployed by the serving cell of the UE as well as carriers deployed by neighbouring eNBs.
4. Conclusions
In this paper, the support of carrier aggregation for cell edge UEs in the cases of heterogeneous network deployement and heterogeneous carrier deployment across neighbouring cells were discussed. It is recommended that RAN1 consider the support of carrier aggregation in conjunction with CoMP to improve both cell throughput and cell edge user throughput. It should be possible for the serving cell to assign PDSCH resource on multiple component carriers to a UE when operating in CoMP mode. As the serving cell and neighbouring cells may deploy different component carriers, it should be possible for the serving cell to assign PDSCH to a UE on a component carrier that is not deployed by the serving cell but by the neighbouring eNBs that belong to the CoMP transmission points.
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