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Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. Investigation of range expansion techniques to fully utilize small-cell gains is considered to be part of the study.
In this contribution, we use range expansion to refer to the techniques that improve the coverage area of the low power nodes, i.e., offload more UEs from the macro cells to the low power nodes. We list a few range expansion techniques as well as the limitations and areas for study for those techniques.
2
Range Expansion Techniques

In an interference limited system, it is desirable for the UE to be served by the cell from which it receives the strongest signals. Therefore, a cell with larger transmit power causes more interference to the neighbouring cells, and has a larger coverage area as compared to the cell with smaller transmit power. Deployment of low power nodes faces the challenge that the low power node could be over-shadowed by the macro cell, consequently, has very limited offloading capability.

From the system performance perspective, it is desirable to evenly distribute the UEs among all cells in the system. We call it “load balancing”. In this section, we describe a few range expansion techniques that expand the coverage area of low power nodes.  

2.1 
Mobility Parameter Optimization

In HSPA, the serving cell selection is based on the received pilot channel (CPICH) strength on the downlink (DL). UE selects the serving cell as the cell that has the strongest received pilot strength. Coverage expansion of low power nodes can be achieved via cell biasing by setting the Cell Individual Offset (CIO) for low power nodes, as specified in the specifications [2]. Figure 1 illustrates the expansion of the low power node’s DL coverage by use of CIO.
The use of CIO is limited as the UEs on the range expansion region suffer from very stronger interference from the macro cells which results in very low geometry. Even though setting high CIO values could offload more UEs to the low power nodes, those UEs could experience very low geometry and, therefore, degradation in throughput. 
More advanced range expansion techniques are likely needed and tend to incorporate some form of resource partitioning between macro cells and low power nodes as to limit the interference between them.
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Figure 1: Low Power Node Range Expansion by Use of CIO

2.2
Range Expansion in Multi-Carrier Deployments
Multi-carrier HSPA has been standardized since Release 8. In multi-carrier deployment, one potential range expansion technique is to reduce the transmit power of the macro on one of the carriers. As we lower the macro transmit power on one carrier; we automatically expand the DL coverage of the low power nodes while shrinking the coverage of the macro cell. UEs at the edge of coverage (for example, indoor UEs) can still be covered by the macro on the carrier whose power is not reduced. Note that, to keep the pilot (CPICH) power percentile the same, macro CPICH power is reduced proportionally on the range expansion carrier.
We provide an example of this technique in Figure 2, in which both the macro and the low power node have two carriers, F1 and F2. Without range expansion, the transmit power of the macro on both carriers is 43dBm and that of the low power node is 30dBm on both carriers. In this scenario, the intersection of the two yellow Ecp/Io curves of the macro and low power node represents the DL boundary.
With range expansion, the transmit power of the macro on F2 is reduced, e.g., from 43dBm to 30dBm. The Ecp/Io values on F2 are denoted by the red curves in Figure 2, while the Ecp/Io values on F1 are the same as without range expansion. The DL boundary on F2 is now moved towards the macro (from point A to point B), implying that the coverage area of the low power node on F2 has expanded.
A concern about this range expansion technique is the impact to the DL coverage on the range expansion carrier. If we focus on a dual-cell (DC) system and DC capable UE, as we still keep the macro transmit power unchanged on one carrier, macro UE will lose at most 50% its peak rate. Qualitatively, we could make the following analysis 
1.  Macro UEs geometry reduction. Macro UEs at the cell centre won’t see much of a geometry reduction, while cell edge UEs may see a larger geometry reduction. It all depends on whether a UE’s geometry is interference limited or thermal noise limited. In the worst case, some cell-edge UEs will see low geometry, and thus will receive little data, on the range expansion carrier.
2.  All Macro UEs will enjoy more frequent scheduling on the range expansion carrier due to offloading of UEs to low power nodes.
3.  Moreover, reducing macro cell power also reduces interference to neighbouring UEs served by other macro or low power nodes, which improves overall system throughput.
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Figure 2: Illustration of Range Expansion in Dual Carrier low power node deployments
Reducing the macro transmit power on one carrier naturally creates different coverage map for different carriers, which calls for the Multi-flow operation. Multi-flow operation is now part of the HSPA evolution. As a special example of multi-flow operation, the Dual-Frequency Dual-Cell (DF-DC) operation allows the UE to be served by different sectors on different frequencies. Clearly, DF-DC operation is a good compliment to the range expansion technique we described above.
For examples, in the range expansion area, a DC UE could be served by the macro on one carrier, and the low power node on the other carrier. It is important to note that compared to Single-Frequency Dual-Cell (SF-DC), there is no requirement for the interference rejection as DF-DC operates on two different frequencies, therefore, DF-DC operations are possible even for single receive antenna UEs.

2.3
Range Expansion by TTI Partition

In the pervious subsection, we discuss the range expansion by partitioning the resource in the frequency domain. In this subsection, similarly, we consider the resource partition in the time domain; we refer to as TTI partition.
The main concept of the range expansion via TTI partition is to stop the macro cell from data scheduling (transmission) for a certain percentage of the time (TTI), which enables the UEs in the range expansion area to be served by the low power node due to the much less interference from the macro cell.
We provide an example with TTI partition with a pattern of 8 TTI. In this example, TTI partition is done equally between macro cell and low power node as illustrated in Figure 3. In Figure 3, we can divide the area into 3 regions. 
1. Region 1 is the region close to the macro cell. UEs in region 1 are served by the macro cell after range expansion. Under TTI partition, UEs in region 1 can only be scheduled during the first 4 TTI of very 8 TTI. 
2. Region 3 is the region close to the low power node. UEs in region 3 are served by the low power node after range expansion. UEs in region 3 can be scheduled during all TTI. 
3. Region 2 is the range expansion region. UEs in region 2 are served by the low power node after range expansion. UEs in region 2 can only be scheduled during the last 4 TTI of every 8 TTI when macro cell stops data transmission.
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Figure 3: Low Power Node Range Expansion by TTI Partition
Similar to the frequency domain partition in multi-carrier setup, TTI partition also reduces the scheduling resource for the macro UEs (peak rate). More importantly, in order for the TTI partition to work, we need tight synchronization between macro cells and low power nodes which is not needed for frequency domain partition schemes.

Additionally, during the TTI that the macro cell stops transmissions, there are still overhead channels, such as CPICH, P-CCPCH, etc being transmitted from the macro. Those overhead channels could still cause large interference to the low power node UEs in the range expansion region. To fully achieve the system performance gain from TTI partition, those UEs in the range expansion region may have to be capable of advanced receivers in order to both detect the weak low power node and cancel the overhead channel interference from the macro cell.
Moreover, we also need to consider the impact of TTI partition on the legacy UE, especially for CQI reporting. With TTI partition, the interference level changes quite quickly due to the dynamic nature of data transmissions from the macro cells. Consequently, large CQI variations could be observed by legacy UE which could reduce the UE CQI estimation accuracy resulting in performance degradation. In addition, requirements on the CQI delay may need to be introduced so that the Node B does not use incorrect CQIs for scheduling.

2.4
Active Antenna Systems
Another way to achieve range expansion in a multi-carrier system is to consider deploying active antenna systems (AAS). Using AAS, the carriers or subcarriers can be routed to separate antennas, and those antennas have different coverage. The antenna coverage may be different by having antennas with different gain (wider or narrower beam width in vertical and/or horizontal planes) or be identical antennas pointed or tilted in different directions. By using AAS, the interference between macro cell and low power nodes could be managed more efficiently which allows the range expansion of low power nodes. 
For each of the suggested range expansion schemes, the extent of the interference issues that arise would need to be investigated and addressed. A more detailed description of the issues that arise in typical hetnet deployments is provided in [3]. 

3
Conclusions
In this contribution, we discussed several techniques that could be used to expand the coverage of the low power node in HetNets. Those range expansion techniques allows the offloading of more UEs from macro cells to the low power nodes. Note that, we should always pay attention to and evaluate the typical imbalance problem in HetNets deployment and associated interference management, as well as control channel reliability issues. 

Proposal: 
The following range expansion schemes are studied in RAN1:

1. Parameter optimization techniques (for eg. CIO)
· Investigate sensitivity of system performance to different CIO settings
2. Range expansion in multi-carrier: Reduction of the Macro transmit power on one carrier. Investigate:

· Impact to the DL coverage. 
· Benefits of DF-DC operation
· Impact to the mobility
3. Range expansion with TTI partitions. Investigate: 

· Feasibility of the tight synchronization among macro cells and low power nodes.
· Detection of weak low power node in presence of macro cell.
· CQI variation for Legacy UEs.
4. Range expansion with active antenna system
Enhanced UE receiver algorithms also need to be investigated wherever necessary.
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