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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. The SI is planned for completion at RAN#60 (June 2013) and is associated with the following objectives:

· 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 multi-flow
· 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

In this contribution, we discuss some of the issues and deployment choices in heterogeneous networks and provide our initial view. The simulation assumptions and deployment scenarios to be considered are discussed in [2] and [3], respectively. 
2 Motivation for Heterogeneous Networks

New smartphones, tablets, and laptop computers are added to the HSPA/LTE networks at a rapid pace. It is important for the operators to evolve their networks to higher capacity and better coverage so that positive user experience can be sustained. Deployment of low-power nodes (LPNs) is seen as a powerful tool to meet the ever-increasing demand for mobile broadband services, such as data and video. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs and LPNs is referred to as a heterogeneous network.
Two use-cases for heterogeneous network deployment that may be envisioned are coverage holes and localized traffic hotspots. Coverage holes can be due to difficult radio environments, such as shielded buildings, etc. or locations where site acquisition is challenging. Localized traffic hotspots are useful in areas of heavy data usage, such as sports events, shopping malls, etc. Deployment of LPNs as a complement to a macro network then aims at improving capacity and coverage. To maximize spectrum usage, it is desirable for the traditional macro NodeB and LPNs to share the same frequency – the so-called co-channel deployment. However, it is important for the different nodes in this case to manage the interference.
To maximize the suitability of a heterogeneous network deployment in UMTS for a certain use-case and to boost its efficiency, several issues need to be addressed. Although a good deployment strategy can potentially enhance the performance of an existing UMTS network by readily adding LPNs to it, there exist more opportunities for 3GPP Rel-12 to include value-added features to further improve the performance.
3 Design Aspects

Since LPNs and macro NodeBs (referred to as NodeBs from now on) have different transmit powers, the uplink (UL) and downlink (DL) cell borders will not necessarily coincide. An example of this is when a UE has a smaller path loss to the LPN, while the strongest received power is from the NodeB. In such a scenario, the UL is better served by the LPN while the DL is provided by the NodeB. This is shown in Fig. 1. The region between the equal path loss border and equal downlink received power (e.g. CPICH receive power) border is referred to as imbalance region and corresponds to the blue shaded area.
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Figure 1: UL/DL cell borders and imbalance region in a heterogeneous network.
In the imbalance region, the NodeB is ideally used to transmit DL data to the UE, taking advantage of the better DL, while the LPN receives the UL data from the UE, taking advantage of the better UL. In practice, this can be achieved by adding the LPN into the active set, and thus letting the UE operate in the soft handover (SHO) mode.

The imbalance region can be fairly large considering that the NodeB may transmit at, for example, 40W (per 5 MHz), and the LPN may transmit at 1W. Soft handover is traditionally not designed to cover such a wide imbalance in powers. However, the network may want to take advantage of the best UL and DL for as many UEs in the imbalance region as possible. Making sure that the better UL is used, not only improves UE UL performance, it also reduces UE transmit power since the UE in this case can be power controlled by the LPN. This is good for the consideration of both UE power consumption as well as uplink interference.
Under some circumstances, offloading the UE from the macro cell to the small cell is desirable. For example, if the macro cell is overloaded with too many active users while the small cell is lightly loaded, the RNC can apply a cell selection offset to make the small cell the serving cell for a UE in the imbalance region. This in effect expands the serving area of the LPN. We refer to this as LPN range expansion, as illustrated in Fig. 2.
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Figure 2: LPN range expansion, making LPN as the serving cell for some UEs in the imbalance region.

3.1  Uplink Signalling
The main issue for the uplink signalling is the HS-DPCCH reception performance at the NodeB. The HS-DPCCH channel is used to convey the HARQ-ACK/NACK, CQI, and PCI information to support the HS-DSCH operation. When the NodeB is the serving cell, this feedback information needs to be received reliably at the macro base station. However, in the example discussed above, the UE transmit power is determined mainly by the LPN due to the “or-for-the-down” principle of transmit power control (TPC). The UL received power at the NodeB may then not be sufficient for reliable decoding of the UL physical channels. Currently, there is a certain level of boosting provided for HS-DPCCH to support the UE in SHO mode. However, we envision that a higher level of boosting is needed to support an extended SHO region. Furthermore, DPCCH may need to be boosted as well to allow the NodeB to obtain reliable channel estimates for UL physical channels
3.2  Downlink Signalling
Similarly, the LPN needs to use a number of DL signalling channels (e.g. E-AGCH/E-HICH/E-RGCH/F-DPCH) to support the operation of UL data transmission. However, reliable LPN downlink signalling may be challenging when the difference in received power from the NodeB and LPN is large. Note that in such scenarios, the link from the LPN is subject to severe interference from the NodeB. Adequate signalling performance needs to be ensured for these DL channels to support LPN range expansion and SHO extension.
3.3  UE Mobility Measurement

In extended SHO, the UE needs to identify the small cell even when the signal strength from the LPN is low and/or in the presence of strong interference from the macro DL signal, for example when being in the outer part of the imbalance region. Furthermore, the UE needs to be able to obtain accurate mobility measurements for the small cell signal to ensure that the SHO operation is triggered due to the right cause and not due to noisy mobility measurements. 

3.4  RRC Signalling for Mobility Management

In a heterogeneous network, UEs will move between macro and small cells. When the UE moves away from the serving small cell, a rapid decrease in signal strength may be experienced because of the lower transmit power used by the LPN. In such a scenario, there is a risk of handover failure due to a potential loss of handover completion command from the serving cell. This was addressed in Rel-8 by allowing both serving and target cells to signal the handover completion command. It needs to be investigated whether or not the current mobility enhancements are adequate in supporting robust handovers in heterogeneous networks.
3.5  Interference Handling

Heterogeneous network deployments introduce more pronounced interference, both in the UL and in the DL. In the UL, a UE that is close to the small cell border but not power controlled by the LPN will cause severe interference to the small cell. On the other hand, a UE served by the small cell may generate significant interference to macro due to a very generous grant. In the DL, introduction of many small cells within the macro cell coverage area makes inter-cell interference worse. Managing the interference situation is therefore very important.
3.6  Separated/Combined Cells

A LPN can form a separate cell by itself or be one of the spatially separated transmit-receive points in the cell. The latter case refers to as a combined cell concept, with one cell over several separated transmission points.
For separated-cell scenarios, the UL imbalance complicates the HS-DPCCH reception as the UE needs to combat the power difference of the different cells. This was also observed in the Rel-11 WI on multi-flow HSDPA, where both NodeBs need to detect the HS-DPCCH in order to decode the HARQ-ACK/NACK and CQI information. For shared cells, as described above, no handover is needed between the different transmit-receive points easing the RNC load. Hence, Rel-12 features enhancing both separated-cell as well as combined-cell deployments should be studied further.
3.7  Legacy UEs

Today, there is a large fleet of legacy UEs in the UMTS networks. It is important to ensure that features introduced in Rel-12 have a minimum impact on these UEs.
4 Proposed Work Plan


While the sections above focused on discussing issues and deployment choices for heterogeneous networks, this section presents a work plan proposal for the performance evaluation part of the study item.

RAN1#70bis (8th-12th of October 2012) 
· Initiate discussions on simulation scenarios, simulation parameters, and performance measures.

· Agree on work plan.
RAN1#71 (12th-16th of November 2012)

· Agree on simulation scenarios, simulation parameters, and performance measures.

· Agree on additional aspects that should be studied.

RAN1#72 (28th-1st of January 2013)

· Initial link level simulation results.

· Initial system simulation results.

· Initial draft of technical report (presented for information at RAN#59 plenary).

RAN1#72bis (15th-19th of April 2013)

· Updated link level simulation results.

· Updated system simulation results.

RAN1#73 (20th-24th of May 2013)
· Final link level simulation results (discussions not affecting other RAN WGs).

· Final system simulation results (discussions not affecting other RAN WGs).

· Finalize the technical report (sent for approval to RAN#60 plenary).
5 Conclusion
In this contribution, we present our initial considerations for heterogeneous networks and outline some of the topics that should be investigated further. In particular, the UL and DL signalling will be affected by the presence of the imbalance region, which is due to the different transmit power levels employed by the NodeB and the LPN. To take advantage of the good UL to the LPN and the strong DL from the NodeB, the LPN can be added to the active set. Hence, SHO extension is a desirable feature and should be studied further. Furthermore, LPN range expansion can serve as a useful tool for offloading the macro traffic. The mobility aspects might need to be updated, both for the UE mobility measurement as well as for the RRC signaling. Further, either a separated- or a combined-cell approach might be taken depending on the use-case. Importantly, features introduced in Rel-12 should have a limited impact on the functionality and performance of legacy UEs.
In addition to these topics, we also present a proposal for work plan to be agreed for the performance part of the 3GPP RAN1 evaluations for heterogeneous networks.
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