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1
Introduction
In this paper we would like to propose the content of the Shared cell for Co-Channel section in the proposed Heterogeneous Networks TR Skeleton [1]. 
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7.3.1 
Motivation for Combined Cell Deployments
Introduction of LPNs in the co-channel deployment scenario creates small cells. However, the benefits of such cells come with some drawbacks. The challenges with this approach are, for example, the following:

1. Frequent Handovers and Impact on End User Performance: Since there are more cells in a macro node coverage area with the introduction of LPNs, the frequency of handovers is increased. This results in more frequent RRC signaling which might impact the end user performance negatively. For example, more dropped calls due to RRC signaling delay or handover signalling failure.

2. Neighbor Cell List (NCL) Size: In a co-channel deployment, the neighbor cell list may become too large to cover all radio positions.  As a result, the cell planning and the system capability to identify and keep the cell update subset may become complex. 

3. Intercell Interference and Pilot Pollution: With the introduction of low power nodes, the interference structure becomes more complex than in a homogenous network. Since all the low power nodes have to transmit the pilot signals continuously, irrespective of data transmission, the pilot pollution is more severe.

4. Downlink/Uplink Imbalance: The well known problem of downlink/uplink imbalance where the UE is served by strong macro downlink and has a stronger uplink to the LPN. This might cause problems, both for uplink and downlink control channels.

5. Energy Consumption: In the co-channel deployment since the pilots and certain control channels are always transmitted (even though no UE is served by these LPNs), the energy associated with these channels is wasted. 
To easily avoid these issues, a combined cell deployment might be useful and advantageous for use case described in Section 7.3.3.
7.3.2 System Architecture in Combined Cell Deployments

The main principle of combined cell is that UE can move seamless within cell coverage without any RNC interaction. Hence in a combined cell, it can avoid active set update, serving cell change and cell selection reselection procedures.  Figure 1 shows the system architecture for the combined cell deployment; where all the nodes within a combined cell are tightly coupled by high speed and low latency backhaul to a central unit in the combined cell. For example this central unit is a macro scheduling unit similar to a current main unit in main/remote base station implementations. Coupling between various nodes is not a requirement in the combined cell deployment. Note that in the combined cell deployment, RNC connects to the central unit and is not aware of these different nodes. For example these nodes can be remote radio units (RRUs).  In the co-channel deployment, scheduling is done per each cell while in a combined cell scheduling is performed per combined cell.  Hence the scheduler decides which nodes should transmit to a particular UE. Hence we can view that some of the operations performed in the RNC in the co-channel deployment will be performed by the central scheduler in the combined cell deployment. For example, the central scheduler tracks the  UE between multiple nodes. Hence this configuration avoids the loading of RNC, while at the same time the decisions and execution can be performed very fast (TTI level). This improves the overall performance of the network as well as the UE performance (qualitatively and quantitatively). 
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7.3.3 Typical Deployment Scenarios and Use Cases

In this section, we outline few typical deployment scenarios where combined cell is attractive for Heterogeneous deployments. Note that combined cell is not only limited to these scenarios; it can be deployed in other scenarios. 

A. High mobility between nodes:
These types of scenarios arise when a UE is moving between different nodes. For example as shown in Figure 2, UE is moving between 3 nodes in a high mobility scenario (high speed train).  Hence instead of treating these nodes as separate cells, if we can treat these 3 nodes as one cell (e.g.,combined cell), we can avoid the frequent signalling from RNC. 
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B. In-Building deployments:
In the existing deployment in-building systems are deployed using distributed antennas which typically form one logical cell per floor.  By deploying LPNs using the combined cell deployment we can reduce the neighbor list in the RNC.  As shown in Figure 3, the whole building can be configured as a combined cell with one LPN per each floor. 










C. UE is in the vicinity of severe interference:
It is well known that the introduction of LPNs cause interference to legacy UEs. If the UE is connected to a LPN the performance is impacted by the dominant interference from the macro node, hence the performance is impacted severely.  As shown in Figure 4, combined cell avoids this problem by transmitting the same signal to the UE when the UE is in the vicinity of strong interfering node.





D.  Deployments where the number of LPNs are very large:
Another application of combined cell is when the number of LPNs is very large. For example in public placces such as shopping malls, train/subway stations, airports etc. By deploying LPNs in these places as a combined cell we can avoid the frequent handovers and a very large neighbour list.

E. Fast deployments:

As mentioned in section 3, heterogeneous networks needs significant cell planning effort when deployed as separate cells.  We can avoid this cell planning effort if we deploy these LPNs as a combined cell; hence fast deployment of heterogeneous networks. 

Figure 1: System architecture of the combined cell deployment, where all the nodes are tightly coupled and connected to the central scheduler.  
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Figure 2:  Combined cell deployment when a UE is moving between different nodes with high speed.
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Figure 3: Combined cell deployment for in-building solutions
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Figure 4 Combined cell deployment when the UE is in the vicinity of strong interference.








