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1. Introduction

The support of heterogeneous networks (HetNet) deployment has been approved as LTE-A requirement in RAN#44.
 In [1], deployment scenarios based on the combination of coordinated multipoint transmission (CoMP) and carrier aggregation (CA), was proposed for inter cell interference reduction and cell edge throughput increase. 

CoMP works well when the nodes involved are macro/pico/relay nodes but seems difficult to handle for femto nodes because of two basic problems:
1- Lack of direct connections between femto nodes and other (pico/macro/relay) nodes: this issue will complicate the control and user plane forwarding to the femto members of the CoMP transmission set.
2- CSG of femto nodes that will forbid them to initiate CoMP to the UEs not belonging to their CSG.

This paper discloses some basic solutions to these issues and proposes features for inter femto CoMP in the context of heterogeneous networks.
2. Discussion
Heterogeneous network deployment is defined as the mixed deployment of macro, pico, femto and relays nodes as shown in Figure 1
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Figure 1: Heterogeneous network deployment example 

The different nodes involved in HetNet deployment have the following characteristics as defined in [1] : 

· 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 (defined by CSG constraints) but could have sufficient backhaul quality for handling CoMP. this could be the case with the outcome of optic fiber deployment. 
· Relay
- base stations using the same spectrum as backhaul and access. 

Two options can be considered for solving the CSG problem related to restricted association of the femto nodes.
1- Update the CSG of the femto nodes in the CoMP set to allow temporary associations and users access during the CoMP session 
2- CoMP is performed on hybrid femtos 
The option (1) is rather complex and may necessitate frequent CSG update when high femto deployment density is considered. The option (2) necessitates the generalization of hybrid femtos deployment in the case of frequent inter femto CoMP but is less complex and natural for solving the CSG issue in  inter-femto CoMP.

The option (2) is the proposal of this contribution.
The problem of the lack of direct interface between the femto nodes for inter femto CoMP and between the femto nodes and the macro/pico/relay nodes can be solved efficiently through adding X2 between the femto nodes and the femto GW and between the femto GW and macro/pico nodes of the network as shown in Figure 2
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Figure 2: CoMP in heterogeneous networks with femto nodes and femto GW 

During CoMP procedure involving heterogeneous nodes, the femto GW will relay the packets to/from the femto base stations through X2 interfaces to the other nodes of the heterogeneous network.
This architecture is in line with already mentioned GW based solutions for handover in [2]. It is scalable and less complex than an architecture involving core network nodes for user and/or control plane relaying that occurs during CoMP.

The femto GW may also perform various tasks within the CoMP framework as:
· Resource reservation for the CoMP session (synchronization for the CoMP set, frequency shifting if nodes have different carriers…etc).

· User and/or control plane relaying from the CoMP anchor nodes to the nodes of the CoMP transmission set.
This femto GW based architecture for CoMP is the second proposal of this paper. 
3. Conclusion
This paper investigates solution for inter femto CoMP and more generally for CoMP involving femto nodes in the context of heterogeneous networks deployment. 
Two problems were identified against good operation of CoMP involving femto nodes:  CSG update problem for the femto nodes and the lack of direct interface between them and the other nodes of the network.

To solve the CSG update problem it is proposed that: 
· CoMP is performed on hybrid femtos 

To solve the lack of direct interface between femtos and the other nodes of the environment, it is proposed to: 

· Introduce X2 interfaces between the femtos involved in CoMP and the femto GW and between the femto GW and the other nodes of the HetNet.
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