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1   Introduction
During RAN#44 meeting, RP-090665 was approved with the LTE-A requirement:
Support of heterogeneous network deployments i.e. mix deployments consisting of macro, pico, femto and relay nodes. 
According to TR36.814, there are several new features were introduced in LTE-A, e.g. Coordinated Multipoint (CoMP) transmission/reception and Carrier Aggregation. Interference is a key issue in Het-Net deployments, and CoMP can be used for mitigating interference, CA can be used for avoiding interference scenario. This contribution introduces some scenarios when these LTE-A features are used in Heterogeneous Network (Het-Net) deployment.
2   Discussion
Het-Net deployment is a mix deployment consisting of macro, pico, femto and relay nodes, and there are many obvious different characteristics of these nodes:
· Macro
– conventional base stations that use dedicated backhaul and open to public access. 
· Pico

– low power base stations that use dedicated backhaul connections and open to public access. 
· Femto
– consumer-deployable base stations that utilize consumer’s broadband connection as backhaul; femto base stations may have restricted association. 
· Relay
– base stations using the same spectrum as backhaul and access. 
In heterogeneous network which is shown in Figure 1, Macro base station coverage is regarded as the initial deployment, and Pico/Femto and Relay stations added for incremental capacity growth, richer user experience and in-building coverage.
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Figure 1: Het-Net deployment
Under heterogeneous network deployments, the interference is regarded as a key issue needed to be considered, because interference may vary significantly and be more severe as compared to wide-area only deployments. Interference conditions are expected to change from location to location and from time to time. 
CoMP is being considered as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput in LTE-A, in CoMP scenario, the inter-cell interference will be reduced significantly, and when the component carrier distribution method of CA is introduced, a lot of inter-cell interference scenarios will not exist. 

Besides the interference issue, from the system performance perspective, the system capacity including coverage of high data rate, cell-edge throughput, system throughput and system transmission bandwidths will be achieved by CoMP and CA.

In order to avoid redundant work for interference management in LTE-A, before the interference management discussion in the context of Het-Net, the following CoMP and CA scenarios in Het-Net should be discussed first.
2.1   CoMP in Het-Net 
Under Het-Net deployment, there are several CoMP scenarios such as CoMP in Macro eNB, Pico & Pico CoMP, Pico and Macro CoMP, Relay & eNB CoMP, CoMP in femto, etc.

2.1.1   CoMP in Pico

CoMP in Pico is similar to macro eNB CoMP, considering of the connection between pico and macro is generally setup lately, most likely the latency limitation is less, and number of UE served by pico is not high, the X2 bandwidth requirement is not high either. 
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Figure 2: CoMP in Pico

2.1.2   CoMP between eNB and Relay
Considering CoMP and Relay have similar purposes and targets for LTE-A, they are able to be merged or combined to get cell-edge throughput gain. 
Relay is used for dead spot/indoor and large area coverage, In urban scenario, relay is deployed with low power, low antenna height, optimized position planning by operators, if we found DeNB and RN CoMP is needed, the coordinate scenario in Figure 3 will occur.
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Figure 3: CoMP between eNB and Relay
In mobile RN scenario, maybe the RN could be served by two eNB, but the motivation is FFS.
2.1.3   CoMP in Femto
According to TS36.300, the Home-eNBs will be deployed to improve network coverage, improve network capacity; due to the high number of Home-eNBs and the nature of their deployment, there would be a large amount and overlapped area, especially for the large building in hotspot place, but due to the CSG limitation and other issues (e.g. inter-femto connection is not available), inter-femto CoMP is difficult to perform. CoMP between Femto and macro cell has the same problem. 
2.2   CA in Het-Net 

Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support wider transmission bandwidths e.g. up to 100MHz and for spectrum aggregation.

As it is said above, the interference is a key issue in Het-Net, especially when macro, pico, femto and relay nodes are sharing the same carrier frequency. But when the Carrier aggregation is introduced in Het-Net, the impact of interference will be reduced by using component carrier distribution method (e.g. the macro eNB can share its unused carrier to pico or relay under its coverage). 
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Figure 4: Het-Net deployment with CA
3   Conclusion
This contribution introduces several scenarios when Het-Net is considered with LTE-A features (i.e. CoMP and CA), CoMP is one of the approach for mitigating interference, and many interference scenarios will be avoided when CA is introduced, in order to avoid redundant work for interference management in LTE-A, CoMP and CA should be discussed before the interference management discussion in the context of Het-Net.
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