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1 Introduction
A new Study Item on UMTS heterogeneous networks was approved at the recent RAN Plenary meeting [1]. In this contribution, we discuss the related technical issues and make a number of proposals to help scope the work in RAN1.
2 Discussion
The vision of a multi layer cellular network deployment, offering optimal coverage, robustness and capacity trade-offs based on terminal mobility and/or location has inspired the wireless communication industry for a number of years. Fairly recently, this topic was studied in the 3GPP UTRA domain under the headline of femto or home Node B [2]
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[4]. As the Rel-12 HetNet SI shares a number of similarities with the past home Node B studies, it is important to recall the conclusions from previous work as a basis for further technology advancement. In this section, we put forward our thoughts on the scope of the Rel-12 HetNet study, building on the lessons learnt and pointing out the differences from previous home Node B work [2]
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Terminology Used in This Contribution
A macro Node B (MNB) is a network node whose maximum TX power is of the order of 43 dBm. A terminal associated to a MNB is termed MUE.

A small Node B (SNB) is a network node whose maximum TX power is significantly smaller (by 10 dB or more) than that of a MNB. A terminal associated to a SNB is termed SUE.

A home Node B (HNB) is a network node whose maximum TX power is comparable to that of a typical UMTS terminal, i.e. around 23 dBm. Thus, a HNB may be seen as a special case of a SNB. A terminal associated to a HNB is termed HUE.
2.1 Closed Subscriber Groups

An important concept in the context of HNB deployments is that of a Closed Subscriber Group (CSG). CSGs are important for controlling and restricting access to HNB resources for non-subscribing terminals. At the same time, they add an extra dimension and complexity to interference and system analysis. Since the current Rel-12 SI is aimed at improving the capacity of public (or open) network deployments, it is proposed that the analyzed deployment scenarios do not include (or, at least, do not mandate) the presence of CSGs.
Proposal A: CSGs are not an integral part of UMTS HetNet  scenarios and evaluation assumptions.
2.2 HetNet Interference
Interference Scenarios
The majority of UMTS HNB interference studies focused on the most challenging co-channel deployment of MNBs and HNBs. The interference issues that affect co-channel HetNet deployments are well known [2]
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[7] and stem from the following phenomena:
· The presence of multiple Node B power classes, leading to significant DL coverage imbalance (between different Node B classes).

· The physical impossibility, in the terminal, to optimally adjust the UL coverage simultaneously towards both classes of Node B.

· The dependency of HNB coverage on the distance between the HNB and MNB locations (for a fixed HNB TX power).

· The (typically) high concentration of HNBs and HUEs alike in an HNB cluster, leading to interference towards the macro layer in both the DL and UL direction.
Interference Management

Previous studies identified a number of effective methods mitigating co-channel interference, which we classify into two types.
Type I: Methods aiming to improve the isolation between the MNB and HNB layers.
· Type Ia: in the spatial domain. Ensuring sufficient electro-magnetic isolation between the layers, either by placing the HNB and associated UEs inside office/home to benefit from extra penetration loss, or at locations geographically remote from MNB locations. These may be accompanied by adaptive maximum TX power calibration for the HNB layer, based on a network listening mode or UE measurement reports [3]
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· Type Ib: in the frequency domain. In the extreme, this may take the form of dedicated frequency MNB and HNB deployment. Alternatively, the so-called escape macro carrier may be used in combination with adaptive RRM mechanisms to overcome the interference towards HNB UL from MUEs located in the proximity of the HNB [8].
Type II: Methods aiming to re-balance the link budgets of the MNB and HNB layers, for example:
· Reducing the maximum transmit power of the co-channel macro deployment [7].
· De-sensitizing the HNB receiver [3].

Discussion

There are differences between HNB studies performed during previous releases and the Rel‑12 HetNet SI including (i) the absence of CSGs and (ii) different maximum TX powers between the HNBs and SNBs. While these differences will affect the interference scenarios, the main conclusions from the HNB studies are expected to apply to the SNB world. Therefore, without excluding the possibility of incremental improvements to co-channel interference management, we turn towards addressing and/or evolving dedicated frequency scenarios, as discussed in the following section.
2.3 Multicarrier/Multiflow Evolution
In this subsection, we discuss study areas under the assumption of dedicated frequency MNB and SNB deployments.
Rel-11 multiflow, and its potential evolution, is attractive for HetNet deployments, as observed in [7]. For example, a terminal residing in the coverage of both the macro and small cell deployments could be served by both layers, with the macro layer primarily catering for mobility and connection continuity and the small cell layer primarily geared towards data transfer.
Rel‑11 multiflow is designed to convey all the relevant feedback on one UL carrier, with the assumption of a reasonable balance between link budgets to the serving and assisting Node B in the uplink direction. As this assumption will no longer hold in the HetNet scenario, the feasibility of extensions to multiflow UL feedback may need to be studied. These may include toggling the UL feedback between the macro and small cell layers, either event-driven or based on a preconfigured cycle; alternatively, extending the dual cell HSUPA feature to ‘point’ one UL carrier towards the macro layer while ‘pointing’ the other towards the small cell layer.
The study should take into account the impact to other subsystems, namely:

· Higher layer impact of potential flow splitting between the macro and small cell layers.

· Practical implementation related limits such as UE receiver sensitivity (when receiving two DL carriers characterized by high RX signal strength imbalance) and in-band emission limitations in the case of DC-HSUPA.
Proposal B: Study dedicated frequency MNB and SNB deployments, together with multiflow architectures.

Proposal C: In the context of multiflow, study the feasibility of extensions to UL feedback signalling.
3 Conclusion
In this document, we discussed a number of issues related to the recently initiated UMTS HetNet Study Item and made the following proposals:
Proposal A: CSGs are not an integral part of small cell scenarios and evaluation assumptions.
Proposal B: Study MNB and SNB deployments on different  carriers, together with multiflow architectures.

Proposal C: In the context of multiflow, study the feasibility of extensions to UL feedback signalling.
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