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1
Introduction
At the RAN#57 Pleanary meeting a new Study Item (SI) on UMTS Heterogeneous Networks (a.k.a. HetNet) has been approved [1]. The SI description (RP-121436) lists several objectives included in an annex of this document for convenience. In this paper we would like to address some of those by triggering a discussion on issues and potential solutions. 
2
Heterogeneous networks deployment scenarios
Following the approved SI objectives list we would like to determine the deployment scenarios for this study. According to our understanding a Heterogeneous network is a RAN deployment where Wide Area Base Stations (Macro cells), Medium Range Base Stations (Micro cells) and/or Local Area Base Stations (Pico cells) are deployed in the same geographical area, either sharing the same carrier frequency, or deployed in different frequency layers. This means the Radio Access Network shall consist of outdoor cells of different size and output power (or coupling loss, as specified in [2]). This has been shown in Figure 1, below. 
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Figure 1, an exemplary HetNet deployment showing a RAN with different types of Base Stations

This study suggests not considering Home Base Stations.  We also think that all cells named “small cells” within this SI shall in particular relate to Micro (Medium Range Base Stations) or Pico (Local Area Base Stations) cells only. 

Proposal 1

Small cells in HetNet scenario denote Micro and/or Pico only. Femtocells and/or indoor cells are not considered. 

3
Heterogeneous networks deployment benefits and issues
3.1
Co-channel deployment benefits
The deployment of HetNet in macro only network brings high benefits in terms of user throughput and system capacity. This has been studied in more detail in [3]
3.2
Co-channel deployment issues
The introduction of small cells in the same carrier frequency with the macro cells is targeted to offload some users from the macro cells to the small cells and hence provide benefits in terms of end-user throughputs and performance regardless of whether the user stayed in a macro cell or was offloaded to a small cell. A HetNet deployment consisting of cells of different type and size (as shown in section 2 above) can lead to issues in uplink and/or downlink interference as well as received signal level imbalances at the UE and/or base-station. The latter happens due to fact that DL coverage of small cell is lower than UE UL coverage, which is not the case for macro only deployments. Small cells have a much lower, compared to macro, DL transmission power; however the UL power of a UE is maintained at the same level to be received by the serving macro cell. As a result there may be situations in HetNet deployments where UEs served by macro base stations may be generating very high interferences to small cells in its vicinity. This has been shown in figure 2, below.
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Figure 2, exemplary hetnet scenario showing UL/DL power imbalance with a macro and small cell
We believe it is worth investigating these issues and ways to overcome them, starting with co-channel deployments (Macro and small cells operating on the same carrier).  At the same time we should study the user throughput gains the HetNet deployment provides. Some initial results can be found in [3]. 
Proposal 2 
Commence studies of co-channel deployment issues in terms of uplink/downlink interference and/or power imbalance at the UE/base station. At the same time quantify the benefits on user throughputs. 

3.3
Multiflow 
In order to have the full picture we should also commence study issues and solutions in HetNet scenario with UEs configured for Multiflow in SF-DC scenario. While investigating the Multiflow impact we should study both the issues connected with SF-DC Multiflow and HetNet as well as improvements of downlink user throughputs. The improvement in downlink user throughputs in certain scenarios with HetNet and Multiflow SF-DC has been studied in [3].
Proposal 3 
Quantify the benefits of introducing HetNet with SF-DC Multiflow. Study any potential issues. 
4
Conclusion
In this paper we have discussed heterogenous networks scenarios and potential issues for co-channel deployments, i.e. UL/DL power imbalance. We have also mentioned that we should study the impact of Multiflow starting from SF-DC scenario on HetNet. To conclude we have raised the following proposals: 
Proposal 1

Small cells in HetNet scenario denote Micro and/or Pico cells only. Femtocells and/or indoor cells are not considered. 

Proposal 2 
Commence studies of co-channel deployment issues in terms of uplink/downlink interference and/or power imbalance at the UE/base station. At the same time quantify the benefits on user throughputs. 

Proposal 3 
Quantify the benefits of introducing HetNet with SF-DC Multiflow. Study any potential issues. 
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Annex – Objectives of the UMTS HetNet Study Item
The detailed objectives of this study item are:
· Define deployment scenarios and simulation assumptions for heterogeneous networks 

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques
· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques
· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells
· Investigate range expansion techniques with multiflow
· evaluate system performance benefits of range expansion in different multi-flow configurations (including multi-carrier multi-flow configurations) over solutions possible with Rel-11 and earlier techniques
· investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques 
· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
· investigate UE speed based mobility solutions
· investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions
· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
· Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points, e.g. spatially separated antennas.

· The study shall include considerations to minimize the impact on physical layer and legacy terminals
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