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1 Introduction
A study item on heterogeneous networks was started during RAN#56 [1] to improve the coverage and capacity in UMTS. Heterogeneous networks consist of deployments where low power nodes (LPN) are placed throughout a macro-cell layout. In RAN1#70bis, several contributions were presented describing various heterogeneous deployment scenarios. Many of these focused on co-channel deployments and the problems that may arise for such scenarios.  We also acknowledge that the co-channel deployment is an important scenario for heterogeneous deployments, but this deployment may not always be beneficial, especially when the number of users is less per macro cell, therefore, in addition to co-channel deployment, we view combined cell as an important deployment scenario. 
In this contribution, we describe the combined cell deployment scenario in heterogeneous network and discuss the most relevant scenarios. 

2 Heterogeneous Deployment Scenarios 
We envision that the deployment scenarios for a UMTS network will be similar to those for a LTE network. For operators running both UMTS and LTE networks, a unified deployment strategy will likely be employed. In [2], two heterogeneous networks deployment scenarios were defined as special cases of coordinated multiple point (CoMP) transmission for a LTE network. We propose the same scenarios are considered for the UMTS study item. Thus like the LTE study item, we divide the heterogeneous deployments into two scenarios:
1. Co-Channel Deployment: In co-channel deployment, the low power nodes are deployed within the macro-cell coverage region, where the transmission/reception points created by the low power nodes have the different cell IDs (different primary scrambling codes) as the macro cell. See Figure 1. Introduction of low power nodes offers load balancing from macro node and hence increases the system throughput. 
2. Combined Cell Deployment: In a combined cell deployment, the low power nodes are deployed within the macro-cell coverage area, where the transmission/reception points created by the low power nodes have same cell IDs (same primary scrambling codes) as compared to the macro cell; see Figure 2. This deployment is also referred to as soft cell.
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Figure 1: Low power nodes (LPNs) have different cell id as that of macro Node in a co-channel deployment.
While each of the deployment scenarios has benefits and challenges associated with the deployment, we focus on combined cell deployment.  
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Figure 2: A combined cell deployment, where LPNs are part of the macro cell, i.e. macro and LPNs have the same cell id. 
3 Motivation for Combined Cell Deployments
As mentioned in the previous sections, introduction of LPNs in 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 Dropped Calls: 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 failure.
2. Scrambling Code Allocation: Since in a co-channel deployment each LPN has a different primary scrambling code, allocation of primary scrambling codes might pose a problem. This is because there is a risk that neighbor cells might use the same scrambling codes. Without co-ordination between these cells, the UE experiences significant interference from these cells.  
3. Neighbor Cell List Size: In a co-channel deployment, the neighbor cell list becomes too large to cover all radio positions.  The cell planning and the system capability to identify and keep the cell update subset is complex. 
4. 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.
5. 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.  
6. Energy Consumption: In a 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 as combined cell treats the LPNs as cell portions rather than individual cells.  In the next section, we explain how the combined cell concept can be incorporated into UMTS heterogeneous networks.
4 Combined Cell Deployment in a Single User Case
With a combined cell deployment, we envision a flexible solution. Note that co-ordination between the LPNs and the macro node is a must for the operation of combined cell.  The following three main modes for combined cell deployment should be considered.
1. Node Selection: In this mode, data is transmitted from only one or a subset of nodes. The node selection is preferably done by the macro scheduler, possibly by recommendations from the UE. This deployment can increase system capacity by reducing the inter-cell interference. Furthermore, this deployment offers reduced power consumption. Figure 3 shows the conceptual diagram for this configuration. 
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2. Beamforming: In this mode, multiple nodes (e.g. macro and one or more LPNs) transmit the same data to a specific UE. Hence, the signal to noise ratio of the UE can be improved.  Figure 4 shows the conceptual diagram of this mode.


3. Multiplexing: In this mode, multiple nodes transmit different data streams to the same UE in the same time interval similar to the MIMO mode with 2 transmit antennas or MIMO mode with 4 transmit antennas.  Note that in this case the choice of independent streams depends on number of receive antennas/decoders at the UE. Figure 5 shows the conceptual diagram of this mode.



5. Design Alternatives

In this section, we outline few design alternatives. 

Alternative I:  In this case all the nodes use the same P-CPICH for channel sounding. Hence, the UE can not identify from which node the transmission takes place. The network might decide which nodes should transmit to the corresponding UE. Hence, this setup is similar to single frequency network (SFN). Note that only node selection and beamforming are possible with this approach. 

Alternative II: In this case, the nodes are differentiated by different CPICH for channel sounding. Hence, the UE can recommend which nodes it can get transmission from. It may also select the nodes to transmit either the same data or different data similar to MIMO modes.  Note that in this case, all the modes are possible. 
6.  Conclusion

In this contribution, we outlined the motivation for combined cell deployment. We listed three main combined cell deployment modes, namely node selection, beamforming and multiplexing in the case of a single user case. The same can be extended with multiple users. We encourage other companies to look into the issues involved in deploying a combined cell for example node selection, CQI reporting with beamforming and multiplexing etc.
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Figure 3 Transmission diagram with Node selection





Figure 4 Transmission diagram with beamforming





Figure 5 Transmission diagram with multiplexing








