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1 Introduction
In a heterogeneous network, low power nodes (LPNs) are deployed in traffic hotspots to offload traffic in a macro cell. However, the traffic uptake by a LPN and therefore the effect of macro traffic offloading may be very limited. This is due to large transmit power difference between a macro base station (BS) and a LPN and that cell border is determined by downlink (DL) signal strength. This is illustrated in Fig. 1.
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Figure 1: much smaller LPN serving area due to lower DL transmit power.
From network management perspectives, it is useful to be able to control the level of offloading. For example, when the macro cell is overloaded while the small cell served by the LPN is very much idle, it is desirable to encourage offloading from the macro to small cell. Increasing the traffic uptake in a small cell by increasing its service area is referred to as LPN range expansion. In a UMTS network, there are existing mechanisms that can be used to achieve LPN range expansion. In this contribution, we discuss these range expansion techniques and highlight their potential challenges for further study.
2 Cell Individual Offset and Serving Cell Change
In a UMTS network, cell individual offset (CIO) can be used to adjust the cell border between two neighboring cells. There is one CIO value for each neighboring cell. A UE obtains an adjusted mobility measurement associated with a cell (serving or neighboring) by adding a cell-specific CIO value to the original measurement value. The adjusted mobility measurements are used as basis of SHO event trigger, e.g. Event 1a, 1b, and 1d according to [2]. A set of cell-specific CIO values, one for each neighboring cell can be signaled to the UE via UE-specific RRC signaling.

Thus, as illustrated in Fig. 2, the serving cell border can be moved toward the LPN by employing a suitable CIO value for the decision of SHO Event 1d (serving cell change) 
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Figure 2: LPN range expansion through CIO setting.

When the small cell becomes the serving cell for UEs in the imbalance region, DL signals from LPN, both data and control, need to overcome strong interference from the macro BS. Thus in this case, offloading DL traffic becomes relatively expensive in terms of LPN resources. In fact, in some cases in order to support UE’s data session, control signaling alone (HS-SCCH, E-AGCH, E-HICH, E-RGCH, and F-DPCH) may consume a significant portion of LPN power. Ideally, the level of range expansion (e.g. CIO values) should depend on UE receiver capability in mitigating other-cell interference (e.g. macro signal). This will be illustrated by the exemplary simulation results included in the Section 4.

3 Soft Handover Extension 
For uplink, load control is often based on the level of rise-over-thermal (RoT) in the cell. As such, an effective macro offloading mechanism is soft handover (SHO) extension, as illustrated in Figure 3. Like the case of serving cell change, this can be achieved by setting both suitable CIO value and handover threshold to add the small cell as an active set even when the measured DL signal quality from the LPN is lower than the normal SHO threshold. Including the small cell in the active set allows the UE transmit power to be controlled by the small cell, and since UEs in the imbalance region have lower path loss to the LPN this reduces the UE transmit power on average. As a result, the RoT in the macro cell reduces, which allows the macro cell to serve more uplink traffic.
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Figure 3: SHO extension.

However, as discussed in [3], SHO extension posts challenges for uplink control channel reception at the macro BS as the UE transmit power is dictated by the LPN. In addition, to support E-DPDCH operation, the LPN needs to signal E-HICH, E-RGCH and F-DPCH in the downlink. As discussed earlier, in certain scenarios this may be challenging as the reception of these channels has to overcome strong interference from the macro BS. Thus, the level of SHO extension may need to account for UE capability in mitigating inter-cell interference.
4 Simulation Results

In this section, first we show simulation results illustrating the challenge of reliable downlink signalling for range expansion.  We study a 6-dB range expansion scenario where the LPN node needs to send DL control signalling to a UE in the presence of a strong interfering signal from a macro BS which is 6 dB higher. Additional simulation assumptions are listed in Table 1. Exemplary performance for HS-SCCH and E-AGCH is shown in Figure 4 and Figure 5, respectively. We see that DL signalling channel needs to be boosted in order to overcome the interference from the macro cell in range expansion scenarios. Furthermore, it can be seen that when a UE is equipped with a receiver that has superior interference mitigation capability (e.g. the Type 3i receiver, i.e., linear MMSE receiver with dual receive antenna and interference awareness), robust DL signalling can be achieved with relatively small LPN power allocation (Ec/Ior). This facilitates larger LPN cell range expansion. On the other hand, if the UE does not have interference suppression capability (e.g. the Type 0 receiver, i.e. conventional single-antenna RAKE receiver), DL signalling may cost significant LPN power, which limits LPN cell range expansion.
Table 1: Link simulation parameters.
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	Number of Rx Antennas
	1, 2

	Propagation Channel Type
	Case3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 0 (conventional single-antenna RAKE)

Type 1 (RAKE receiver with receive diversity) Type 2 (linear MMSE receiver)

Type 3i (linear MMSE receiver with dual receive antenna and interference awareness)

	Rx Antenna Correlation
(for Type 1 and Type 3i)
	0

	Additional interference
	Modeled as AWGN, 6 dB below total LPN received power
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Figure 4: HS-SCCH performance in a 6 dB range expansion study case compared to the case where there is no macro-cell interference.
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Figure 5: E-AGCH performance in a 6 dB range expansion study case compared to the case where there is no macro-cell interference.
Exemplary UL simulation results with LPN cell range expansion through expanding the area where the LPN is the serving cell are illustrated in Figure 6. Here, we adopt the system-level simulation assumptions agreed in [4] and use a layout of two LPN cells per macro site coverage area (three macro sectors). The cell layout is illustrated in Figure 7. Full-buffer UE traffic is used. We see an improvement in terms of user throughout achieved by LPN cell range expansion. Additional improvement can be achieved by further optimizing the network parameters.
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Figure 6: Exemplary UL simulation results illustrating the benefit of LPN cell range expansion.
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Figure 7: Cell layout used in our system-level evaluation.
5 Conclusions

Low-power node (LPN) cell range expansion is an important tool for achieving macro traffic offloading and for improving total throughput in a heterogeneous network. In this contribution, we discuss two existing mechanisms of achieving LPN cell range expansion. First, the parameter cell individual offset (CIO) can be used to bias the serving cell decision. Moreover, CIO combined with SHO threshold settings can be used to increase to area where the LPN can be one of the soft handover (SHO) active set. The CIO values can be signaled to the UE via RRC signaling.
One important factor that determines the level of LPN cell range expansion is the reliability of downlink signalling, which affects the data channel performance in both downlink and uplink. When the cell range of a LPN is expanded, a LPN served UE needs to receive control signalling from the LPN in an area where the received power from LPN is weaker than that from a macro node. We show that UE’s interference suppression capability may be an important consideration for determining the level of LPN cell range expansion applicable to the UE. 
We also present initial system-level simulation results illustrating performance gains achieved by expanding the area where the LPN is the serving cell. We expect that additional improvement can be achieved by further optimizing the network parameters.

4. References

[1]
RP-121436, Study on UMTS Heterogeneous Networks.
[2]
3GPP specification 25.331
[3]
R1-124513, “On Control Channel Robustness for Heterogeneous Networks”, Ericsson, ST-Ericsson
[4]
3GPP RAN1 HSPA email discussion [70bis-28], [70bis-29], [70bis-30].
