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Introduction

A study item on heterogeneous network was initiated at the last RAN plenary [1]. In this contribution, we highlight some of the key aspects that the study should focus on and explain our view on the main design objectives.

2

Heterogeneous Networks
The introduction of small cells in a Macro cellular network offers the promise of capacity gains which are quite significant. There are many scenarios and features that can be envisioned by the use of small cells. In the following, we attempt to clarify our view on the salient aspects of the study and the issues that we would like to focus on. 

2.1
Network Architecture

Heterogeneous networks offer the possibly of both IuB and IuH deployments. The former is a more traditional approach where a NodeB is scaled down in size to support a small area cell by reducing the transmit power and reporting to a conventional RNC. The latter approach is a more non-unified approach, where the node has elements of an RNC collapsed into it and is connected to the CN along with many other nodes via a gateway tailored for this purpose.
The introduction of a gateway would enable nodes to provide similar kinds of services as an established Macro network but would not have all the mobility features enabled. 

While it is possible in principle to allow for both architectures in the study of Hetnets, we would prefer to focus on the IuB interface with the more traditional RNC framework in place. This has the potential for the introduction of better optimized range extension and interference management schemes, plus relying on the assumption that soft handover would be available, thus allowing multiflow operation between macro and small cells. 

Proposal 1: The study on Hetnets should focus on IuB-based small cells.
Another aspect is the range of transmit power levels that can be supported.
Proposal 2: The range of transmit powers for low power nodes should be: 24dBm to 37dBm.
2.2
Deployment Scenarios
Broadly speaking, the two types of scenarios under the Macro-Pico framework are the co-channel and the multi-carrier or multiflow deployments. Both scenarios have been indicated as topics to be addressed in the SI description.

2.2.1
Co-Channel deployments
Co-channel deployments refer to the case where both the Macro and Pico cells are operating on the same UL and DL frequencies. While there are significant cell-splitting gains that can be realized through co-channel deployments, there are some challenges due to the power imbalances and the resulting interference – on both the UL and DL- that have to be addressed. 

In this scenario, it is also possible for the UE to operate in multiflow between the Macro and Pico cells using the SF-DC multiflow configuration. This feature, having been specified in Rel-11, can significantly improve gains in Hetnet scenarios.

Proposal 3: Consider SF-DC multiflow configuration as part of co-channel hetnet deployments.
2.2.2
Multicarrier deployment Scenarios
Under these scenarios, multiple UL and DL frequencies can be used for deployment. This introduces the possibility of DF-3C and DF-4C multiflow configurations that have been specified in Rel-11. In addition, the DF-DC multiflow configuration can also be considered and is an attractive feature since it offers the possibility of reusing legacy DC and SF-DC UE with minimal changes. 

On the network side, it is possible for the Pico cell to operate on a single or multiple frequencies. We consider that both cases to be practical and offer significant benefits. An example of multicarrier deployment with the Pico operating on a single frequency is shown in Figure 1.
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Figure 1: Hetnet Deployment with Macro and Picos configured on different frequencies
Note that in the figure, it is possible for the Macro to operate only on F1 or both F1 and F2. All the cases should be considered as part of the study. We think that as an initial step, the number of carriers should be restricted to a maximum of 2.
Proposal 4: The Macro-Pico configurations and UE capabilities to be considered in the study are shown in the table below.
	Configuration
	Macro
	Pico
	UE Capability

	1
	F1
	F1
	Single Carrier, SF-DC multiflow

	2
	F1+F2
	F1
	Single carrier, Dual carrier, Multiflow (DF-DC)

	3
	F1+F2
	F1+F2
	Single carrier, Dual carrier, Multiflow (DF-DC)


2.3
Range Extension

The primary source of gains from heterogeneous networks comes from offloading UEs from the Macro cell to small cells. However, due to the transmit power difference between the low power nodes and the macro cells, low power nodes typically have much smaller coverage area as compared to the macro cells. As a result, macro cells tend to be more loaded than low power nodes, and hence, “offloading” more UEs to low power nodes would help better utilize the additional capacity provided by low power nodes.

More detailed descriptions of a number of range extension offloading techniques have been discussed in [2].
2.4
Interference Issues
The major problems in heterogeneous network comes from the transmit power difference between the low power nodes and the high power macro-cell nodes. As the serving cell selection as well as the active set management are mainly based on the downlink (DL) received signal strength, transmit power of each cell largely determines the coverage area of the cell. Normally, high transmit power nodes cover larger areas than the low transmit power nodes. Introduction of the low power nodes could potentially cause a large DL-UL imbalance in the sense that, in the UL, cells other than the serving cell could receive much stronger signals from the UE than the serving cell. 

This imbalance creates; problems in control channel decoding, interference from Macro to Pico cells and also interference from Pico to Macro cells. A more detailed analysis and description of the interference issues seen in Hetnets and possible solutions to be considered are provided in [3].
2.5
Impact to Legacy Users
The deployment of Pico cells should also offer benefits to legacy users – both single carrier and multi-carrier UEs. However, there may be aspects to existing mobility procedures that impact the performance of legacy UEs. More discussion on the issues encountered is discussed in [4]. 
Range extension techniques including those suggested in [2] may have potential impacts to coverage and performance of legacy users. When considering different range extension schemes the impact to legacy users should be considered. In addition, schemes that manage interference should also consider benefit to legacy users.
Proposal 5: The study should consider both measures to address mobility problems for legacy UEs and new optimizations for Rel-12 onward UEs.
Proposal 6: Range extension and interference management schemes should consider impact to legacy UEs.

2.6
Mobility Aspects of Hetnet
Mobility procedures may need to be enhanced due to impacts to performance due to the introduction of small cells. In order to understand the impact of hetnet deployment on mobility, investigations for different deployments and configurations are necessary.
Proposal 7: The impacts to mobility performance should be investigated for the following configurations:
· Pico cells deployed on the same carrier frequency as the macro cells 
· Pico cells deployed on a dedicated carrier frequency 
· Mixed multi-carrier scenarios, with macro and pico cells deployed on multiple carrier frequencies
Proposal 8: Investigate mobility issues for the deployment of a dense heterogeneous network, in particular:
· Impact on UE measurement requirements

· Impact and solutions to limited neighbor list size

· Impact of PSC confusion due to large number  of small cells and possible mitigation techniques

Proposal 9: The mobility procedures to be examined are
· Cell reselection in the presence of small cells

· Legacy and enhanced serving cell change, Soft/Softer Handover

· Inter-frequency handover to small cells
2.7
Simulations

A detailed set of simulation assumptions are proposed in [5]. These can used as a baseline for evaluating range extension and interference management schemes. 
3
Conclusions
In this document, we discuss deployment scenarios of heterogeneous networks and the following proposals were made:
Proposal 1: The IuB interface where the small cell is associated with an RNC is used in the study on Hetnets.

Proposal 2: The range of transmit powers for low power nodes are: 24dBm to 37dBm.

Proposal 3: Consider SF-DC multiflow configuration as part of co-channel hetnet deployments.
Proposal 4: The Macro-Pico configurations and UE capabilities to be considered in the study are shown in the table.

	Configuration
	Macro
	Pico
	UE Capability

	1
	F1
	F1
	Single Carrier, SF-DC multiflow

	2
	F1+F2
	F1
	Single carrier, Dual carrier, Multiflow (DF-DC)

	3
	F1+F2
	F1+F2
	Single carrier, Dual carrier, Multiflow (DF-DC)


Proposal 5: The study should consider both measures to address mobility problems for legacy UEs and new optimizations for Rel-12 onward UEs.

Proposal 6: Range extension and interference management schemes should consider impact to legacy UEs.

Proposal 7: The impacts to mobility performance should be investigated for the following configurations:

· Pico cells deployed on the same carrier frequency as the macro cell 

· Pico cells deployed on a dedicated carrier frequency 

· Mixed multi-carrier scenarios, with macro and pico cells deployed on multiple carrier frequencies
Proposal 8: Investigate mobility issues for the deployment of a large concentration of macro/small cells, in particular:
· Impact on UE measurement requirements

· Impact and solutions to limited neighbor list size

· Impact of PSC confusion due to large number  of small cells and possible mitigation techniques

Proposal 9: The mobility procedures to be examined are

· Cell reselection in the presence of small cells

· Legacy and enhanced serving cell change, Soft/Softer Handover

· Inter-frequency handover to small cells
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