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1. Introduction

Mobile data traffic is growing quickly and will continue to grow due to the increasing penetration of smart phones and the increasing use of data and video services. Heterogeneous Networks (HetNet) is considered as a promising technology to meet the requirements in an efficient way and with a relatively low cost. HetNet is a mixed deployment of small cells (micro, pico) and macro cells. It is a powerful technique to quickly increase the capacity of the network as well as coverage.

To achieve the potential gains of HetNet deployments, the interaction between macro and small cells needs to be investigated. The interference scenario depends on the specific mix of macro and small cells, which in turn presents different challenges and requires different solutions. Within the current UMTS releases, HetNet deployments are already feasible, and simulation results have shown that substantial gains can be obtained. The scope of this study is to further understand the potential gains of HetNet deployments considering different scenarios and designing new solutions to achieve those gains 
At RAN#57, a Rel-12 new study item “Study on UMTS Heterogeneous Networks” was approved [1]. There are five main objectives of this study, summarized below.
1.
Define deployment scenarios and simulation assumptions for heterogeneous networks 

2.
Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells

3.
Investigate range expansion techniques with multiflow

4.
Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells

5.
Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points.
The simulation assumptions will be discussed in [2], and the other objectives will be discussed in this paper.
2. Scenarios
HetNet deployments aim at improving capacity and/or coverage. For capacity, solutions are targeted to increase the network capacity in some portions within the original macro cell area. For coverage, solutions need to mitigate the “blind spots” which are unavoidable in HomoNet. In the current study, capacity improvement is the major topic.
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Figure 1 Overview of HetNet scenarios
Figure 1 illustrates various deployment scenarios for HetNet. Depending on the combination of UE serving cells, the interference environment is different and consequently there exist multiple types of scenarios where each presents different challenges. The scenario with all macro cells is represented by UE1 and UE2, where UE1 is served by macro 1 while UE2 is in SHO area of macro1 and macro 2. For HetNet we can distinguish the following scenarios: 
· Co-channel deployment scenario: Small cell 1 and macro 1 is a co-channel scenario, where UE3 positioned on the cell edge can be served by both macro 1 and small cell 1, while UE4 is only served by small cell 1. 
· Dedicated frequency deployment scenario: macro 2 and small cell 2 is a dedicated frequency scenario, where UE5 is served by macro’s f1 and small cell’s f2. 
· Multi-carrier deployment scenario: macro 2 and small cell 3 is multi-carrier scenario, where UE6 is served by macro 2’s f1+f2 and small cell 3’s f1+f2. 
3. Co-channel scenario
UL/DL interference is the most outstanding issue in HetNet. Considering that the typical transmit power for macro cell is 43 dBm, and for small cell can be 37 dBm, 30 dBm or 24 dBm, the interference environment in HetNet deployments is very different from the one with macro-macro deployments.
Generally speaking, coverage is mainly determined by the transmit power and the path loss. In the downlink, the transmit power of the macro is larger than that of the small cell. In the uplink, the UE transmits at a certain power and therefore the uplink coverage and downlink coverage will be very different. This is the so-called UL/DL imbalance.  
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Figure 2 UL/DL interference
Given a certain deployment of small and macro cells, depending on the UE position relative to the macro cell and the small cell, the interference environment can be very different. Figure 2 indicates various distance points between macro and small cells where the interference environment substantially changes. Next we discuss these different cases under the assumption that the transmit power of macro and small cell is 43 dBm and 37 dBm, respectively.

A: The UL boundary where UE path loss to the macro cell and to the small cell is the same. The received downlink power difference depends on the transmit power difference of the macro and the small cell. The received downlink power difference is 6 dB because the path loss to the macro and the small cell is the same. This means that at this point the DL signal from the macro cell is much stronger than the DL signal from the small cell, while the UE signal received at the Macro and the small cell are the same.
B: The DL boundary where the UE can measure same Ec/N0 of the pilot signals from the macro and the small cell. The path loss difference is also 6 dB because the received downlink power from macro and small cell is the same. Event 1D is reported if the Cell Individual Offset (CIO) of serving cell change is configured as 0 dB. This means that at this point the UE signal received at the macro cell is much weaker than that at the small cell.
C and D indicate the SHO area of the macro and the small cell. 

The interference issue occurs in the locations near the macro and small cell edge. The next subsections will discuss different interference scenarios that occur depending on the location of the UE. 
3.1 Macro UE uplink interference to small cell
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Figure 3 Macro UE uplink interference to small cell

This type of interference occurs when the Macro UE is roughly located in the AC area (red area) in Figure 3, where the UE is not in SHO but the path loss to the small cell is less than that to the macro cell. The macro UE will transmit at high power as a result of uplink power control from the macro cell, and will create interference in the small cell uplink. 
Extending the SHO area is one technique for the small cell to control the interference generated by the macro UEs at the small cell edge. The study should investigate new solutions to mitigate this type of interference.
3.2 Macro downlink interference to small cell UE
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Figure 4 Macro downlink interference to small cell UE
This type of interference occurs when the small cell UE is located near point B in Figure 3. The macro cell downlink transmission will create interference to the small cell UE downlink reception. Generally, the UE will change its serving cell at point B if the CIO of event 1D is 0 dB. In this case, the macro downlink interference to the small cell UE is not very strong, because after serving cell change the received signal from the macro cell is less than that from the small cell.
Since it is desired to offload more UEs to the small cell, the CIO for serving cell change could be modified so that serving cell change point is moved towards the macro. In this way, the coverage of the small cell is enlarged (range expansion), so that UEs in AB area (red circle) in Figure 4 may also be served by the small cell. But the DL interference from the macro to the small cell UE will be stronger. Multi-flow technique can improve the downlink performance of the UE in the macro and small cell edge. Further study should consider solutions to this type of interference.

3.2.1 Small cell coverage reduces quickly towards the macro cell center 

As a consequence of the macro downlink interference to the downlink small cell, the small cell coverage will reduce as the small cell is deployed closer to the macro cell center. Typically, macro cell downlink transmit power is 43dBm and small cell downlink transmit power is 37dBm (or 30dBm or 24dBm). Deploying small cell within the macro coverage, the small cell coverage is determined by 

CPICH RSCP (small cell) > CPICH RSCP (macro)

Because the received signal from the macro is stronger at the macro cell center with respect to the macro cell edge, the small cell can have larger coverage if deployed at macro cell edge (CPICH RSCP (macro) is low). Small cell coverage will shrink quickly if deployed near the macro cell center (CPICH RSCP (macro) is high). Figure 5 illustrate the small cell coverage reduction at macro cell center.
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Figure 5 Small cell coverage reduces quickly towards the macro cell center 

3.3 Small cell UE uplink interference to macro cell
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Figure 6 Small cell UE uplink interference to macro cell
This type of interference is generated by the small cell UEs within the small cell coverage and not in SHO as in Figure 6 (green circle). The UE served by the small cell may receive a large serving grant and transmit at high power. This can generate considerable uplink interference to the macro cell while the macro cell cannot control this interference. When there are many small cells deployed within the macro cell, the number of UEs served by small cells could be very large, and this type of interference would be increased significantly.
Extending the SHO area is one technique for the macro cell to control the interference generated by the small cell UEs. The study should investigate new solutions to mitigate this type of interference.

3.4 Small cell downlink interference to macro UE
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Figure 7 Small cell downlink interference to macro UE
This type of interference occurs for the macro UEs in the SHO area with the macro as the serving cell. The small cell downlink signal will be the interference to those macro UEs. Multi-flow can be a technique to improve the performance for the UEs in the SHO area. 
3.5 Macro UE uplink reception quality in SHO
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Figure 8 Macro UE uplink reception quality in SHO
This issue happens when the UE is in the SHO area, and the UE serving cell is the macro. Since the path loss to the small cell is less than that to the macro, the small cell is more likely to take control of the transmit power of the UE. For example, at point B in Figure 2 before the serving cell is changed to the small cell, if macro and small cell transmit power difference is 6 dB, then the UL path loss difference at point B is also 6 dB. In this case, the received power of HS-DPCCH at the macro is 6 dB less than at the small cell. As a result, the poor reception quality of the HS-DPCCH greatly degrades macro HSDPA performance. Performance degradation happens also for HSUPA, as the macro cannot receive the SI and Happy bit to determine the serving grant for the macro UE. 
This study should find solutions to improve the cell edge UE performance, for example, by enhancing the reception quality of macro UE uplink in SHO area.

3.6 Summary

From the analysis above, we can find the following issues in HetNet deployments:
· Macro UE uplink interference to small cell
· Macro downlink interference to small cell UE

· Small cell UE uplink interference to macro
· Small cell downlink interference to macro UE

· Small cell coverage reduction towards the macro cell center

· Macro UE uplink reception quality in SHO

It is believed that the performance of HetNet can be greatly improved by finding solutions to the above listed interference issues.
4. Range expansion with Multiflow

4.1 Range expansion with single frequency multiflow

The main method to expand the small cell coverage is to add a CIO (xdB) to small cell. The UE will report 1D measurements when the P-CPICH of small cell is xdB less than the threshold, and the network will change the serving cell of the UE although the downlink of small cell is weaker than the macro cell.

After range expansion, the macro-small cell SHO area would be enlarged, and more UEs can operate in SF-DC mode. It is expected that the UE throughput in SHO area will be increased.

5. Mobility issues and enhancements
5.1 UE discovery and identification of small cells
For inter-layer (Inter-frequency/inter-RAT) small cell deployments, it is required that the UE under the coverage of the small cell can select/reselect/handover to the small cell. 

There are two scenarios for small cell discovery:

· For non CELL_DCH: UE needs to have a method to discover the small cell and trigger the measurement procedure to select/reselect to the small cell.

· For CELL_DCH: Network needs to have a method to discover that the UE is near a small cell and then activate the measurement gap for UE to do measurements in the small cell.

5.2 UE speed and handover rate
The coverage of small cell is much smaller than the macro cell, and typically the radio channel of small cell will change faster than the macro cell channel. A high speed UE served by the small cell will cause many handovers and potentially a high ratio of call drops. 

It is required to differentiate the UE based on UE speed

· Low speed UE: Handover/stay at small cell.

· High speed UE: Handover/stay at macro cell.

5.3 Mobility issues of mass small cell deployment 
Depending on the requirements of system throughput gain, many small cells may be deployed in a macro cell coverage. To support the mobility, the Primary Scrambling Code (PSC) of small cells are required to be added into the Neighbour Cell List (NCL) of the macro cell. 

Typically, the small cell will be deployed into the macro cell network and can only use the free  space of macro NCL. In most case, the spared space of macro NCL is less than 10. It is not possible to add all of the PSC of Small cells into the NCL if each small cell assigned a dedicated PSC in the coverage of macro cell.

There are two ways to solve this issue:

· Extend the NCL size to accommodate more PSCs.

· Share the PSC among small cells: This means several small cells share the same PSC in a macro cell coverage. However, the issue of “PSC confusion” will emerge.

5.4 Mobility enhancements for multi-flow deployments
Based on Rel-11 agreements, UE will only do measurements on the used frequency while operating in multi-flow. We observe that there are two requirements to be discussed in Rel-12 with the introduction of multi-flow with HetNet.

· UE measurements on the non-used frequency while operating in multi-flow.

· The best frequency of UE may be changed while UE moves in the HetNet area. How to let the network know what is the current best frequency needs to be discussed.
6. Shared cell scenarios
Shared cell refers to one cell over several transmission points. This is a special case of the macro-small cell deployment scenarios described in Figure 1. The cell IDs for the small cells within the same macro are all the same. The potential advantages of such configuration are
· UE can avoid frequent change of serving cells in the HetNet especially when there are a lot of small cells deployed.
· UE uplink data could be jointly received at each receiving ports to achieve performance gain.
However, how to mitigate the interference of the radio channels transmitted from different antennas, and how to select the best transmission points are the main issues for the shared cell. It is encouraged to further investigate the potential issues and solutions in order to achieve the benefits in the shared cell scenarios.
7. Conclusions
In this document we give an overview of the UMTS HetNet study. It is proposed that RAN1 discusses the deployment scenarios, issues and potential solutions presented here.
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