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1
Introduction

This contribution gives an overview of interference management techniques to achieve high quality performance of HNBs. Section 2 describes the interference issues associated with HNBs and provides some field measurements. Section 3 details the interference management techniques to achieve high quality HNB performance. 

2
Potential RF Interference between HNBs and UEs
Key benefits of HNBs can be outlined as: excellent user experience at home (through better coverage for voice and higher data throughput); offloading traffic load from macro cellular network and reduction of infrastructure deployment costs. However, HNBs may experience RF interference due to: 
· Closed subscriber groups (i.e., Home users are allowed to get service from a restricted set of HNBs); 
· Unplanned deployment without RF planning

· Low isolation between apartments. 
In the following we specify potential RF interference cases related to HNB deployments and show some field measurement results.
Desensitized HNB or HUE 

In cellular networks mobile terminals and base stations are designed to operate in a certain dynamic range. The HNB and the home user equipment (HUE) can be arbitrarily close and create very high signal levels beyond the sensitivity range of the receiver (see Figure 1). On the downlink this situation can saturate the receiver of a UE and create degraded demodulation performance. On the uplink this situation can create very high noise rise (RoT) at the HNB and make the system operation unstable. Our measurement inside home environment showed path loss values as low as 30dB (i.e., minimum coupling loss) between UEs and HNBs.
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Figure 1: Home Node B (HNB)  and a home UE (HUE)  closely located to each other inside the house.

Interference between macrocells and HNBs:

HNBs can cause interference both on the uplink (UL) and downlink (DL) of the macrocells. For example a HNB installed near a window of a residence can cause significant DL interference to the UEs outside the house (i.e., macrocell UE) that are not served by the HNB. Also, on the UL, the home UEs that are served by a certain HNB can cause significant interference for the macro cell UEs. This situation is shown in following Figure 2.
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Figure 2: HNB and a macrocell UE (not served by the HNB) closely located to each other.

In order to quantify the path loss between HNBs and UEs outside the house we made field measurements outside an apartment in USA in PCS band. Figure 3 describes the apartment layout and different routes used for measurements.  Apartment is on ground floor at similar height as the measurement routes. Also different distance values are shown in Figure 3. For these tests HNB total transmit power was set to 7dBm (EIRP).
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Figure 3: Apartment layout and outside measurement routes for RSSI measurement.
As an example case, Figure 4 shows RSSI measurements obtained through Route 1 when HNB is located at L1 inside the apartment (shown in Figure 3). Significant interference leakage is observed outside the apartment. Since HNB EIRP is 7dBm, locations with -58dBm RSSI indicate path loss as low as 65dB between HNB and a UE outside the apartment. Our tests at different apartments and houses showed similar amount of leakage from HNB to outside environment.
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Figure 4: RSSI measurements outside an apartment when HNB transmit power (inside apartment) is set to 7dBm.
Inter-HNB Interference: 

HNBs can also create significant interference to each other due to unplanned deployment. For example in a multi-resident apartment, HNBs installed near a wall separating two residences can cause significant interference to neighboring residence. In such a case the strongest HNB for a home UE (in terms of RF signal strength) may not necessarily be the serving HNB due to the restricted association requirement. Such a scenario is shown in Figure 5 where on the DL, HNB1 can cause significant interference (low SNR) to HUE2. Also on the UL, HUE2 can cause significant interference (high RoT) to HNB1.
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Figure 5: Two neighboring apartment units: On the DL, HNB1 can cause high interference (low SNR) to HUE2.  On the UL, HUE2 can cause high interference (high RoT) to HNB1. 

In order to quantify the path loss between different locations in apartment units we made field measurements in two neighboring apartments in USA in PCS band. Figure 4 show the measurement locations (L12, L13, L21, L22, L23, L24, L25) in both apartments and HNB location in Apartment 1 (indicated as HAP). Path loss between different locations are shown with arrows. It is seen that path loss between HNB and a UE in neighboring apartment can be as low as 52dB. The path loss values shown in Figure 6 are in agreement with our indoor model described in [1].




[image: image6]
Figure 6: Path loss measurements from two neighboring apartment units. HAP indicates the location of HNB.  Different measurement locations are shown as L12, L13, L21, L22, L23,L24,L25. Path loss between HNB and some locations are shown with arrows. 

3
Interference Management Techniques

Our performance analysis shows that with interference management methods high quality user experience can be achieved with HNBs [2,3]. To achieve desired performance, following interference management methods need to be employed as part of HNB. These methods constitute the baseline recipe for HNB interference management. They reduce the outage, improve voice and data performance and enable robust system operation by adapting to the particular RF conditions of each HNB:

Calibrated HNB DL Tx Power: As HNBs create desired coverage in the home area, coverage holes will be generated around the home for other (non-associated) mobiles. Thus each HNB’s transmit power needs to be adjusted depending on the particular HNB location in macrocell (e.g., cell edge vs. cell site) and deployment scenario (suburban vs. urban). This can be achieved via an autonomous self calibration method where HNBs make DL measurements from macrocells and other HNBs, and then calculate the required power levels. The HNB power is set to limit the size of the macro dead zone created around a HNB and to achieve a desired HNB signal quality at the edge of coverage.  Details of such method are described in [2].
Carrier Allocation to HNBs and Inter-frequency Handover for Macrocell UEs: For efficient use of available frequency spectrum it is desirable that HNBs share some of the carriers used by the macrocell. In that case although HNB power calibration limits the coverage holes, macrocell users passing by the HNB residence may still experience outage (e.g., if HNB is located near a window as shown in Figure 4). In such cases macrocell mobiles need to perform inter-frequency handover to another macro carrier to avoid the HNB coverage hole. Only a few number carriers should be allocated to HNBs so that high mobility macrocell users do not perform very frequent inter-frequency handovers. On the other hand, if there is strong inter-HNB interference, it is desirable to assign neighboring HNBs on different carriers. A measurement based HNB carrier allocation algorithm is recommended for HNBs where HNBs have a preferred carrier and they are assigned to another carrier (within the allowed HNB carrier set) only when strong interference is detected on the preferred carrier.

Adaptive Attenuation on UL: Mobiles in the proximity of HNBs can create very high signal levels (compared to thermal noise floor) at the HNBs and result in significant UL performance degradation and instability. One particularly bad scenario is when a restricted UE close by to a HNB is transmitting bursty UL data to a neighbor HNB or a macrocell. To provide robust operation under such conditions an adaptive UL attenuation algorithm needs to be used where additional UL attenuation is used at HNB whenever strong UL interference is present [3].
Limit HUE Tx Power: HUEs can create noticeable interference on the UL of macrocells (e.g., HUE on the balcony of residence communicating to HNB). Although limited DL coverage of HNBs should reduce these cases it is still desirable to have mechanisms to limit the HUE tx power.

4
Conclusions

Potential interference sources were identified for HNBs supported by field measurements. Techniques are described to mitigate such interference.  System simulations for different conditions [2,3] verify that these methods in combination provide sufficient interference management and interference avoidance for successful HNB deployments. 
Although general techniques are described in this contribution details of interference management techniques are likely to be implementation specific. Thus it is desirable to have simple test scenarios [2,3] used as minimum performance specifications to test performance of HNB implementations.   
5
References 

[1] R4-071617, “HNB and HNB-Macro Propagation Models”, Qualcomm Europe.
[2] R4-081344, “HNB and Macro Downlink Performance with Calibrated HNB Transmit Power”, Qualcomm Europe.
[3] R4- 081345, “HNB and Macro Uplink Performance with Adaptive Attenuation at HNB”, Qualcomm Europe.


















1/6

[image: image1.emf]HNB HUE

House

HNB HNB HUE HUE

House

[image: image7.png]Apartment 2

[
Q.. =
| 5 60d
75dE -

Living room 69, Besﬁrmm Living
7 ‘—“—.ﬁ _

-

52dBI™

Pato




[image: image8.png]-
Route 3 - 129"

Badroom

Liing
Room

Tm-

<
Route 1- 157"

Route 2 - 100"



