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1 Introduction

The radio requirements for Home Node B (HNB) are currently being specified within 3GPP RAN WG4. One of the issues is the receiver blocking requirements of the HNB.

This paper discusses two different scenarios: A) Interference from uncoordinated mobiles (visitors) located within the same apartment as the HNB, and B) Interference from neighboring home cells operating on a carrier frequency that differs more than 10 MHz from the home cell in question.
2 Simulation assumptions and results
The assumed scenario is described in Figure 1. No specific geographical locations, in terms of (x,y,z) coordinates, within the macro cell are studied, but the impact of macro cell and the uplink service is taken into account by considering different levels of visiting macro UE transmission power.
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Figure 1. Assumed multi-HNB scenario
The path loss Li between a mobile and a HNB is calculated using the model from [1], assuming only a single floor, and that the sum of HNB and UE antenna gains is equal to 0 dBi. Hence,
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(1)
In addition to (1), lognormal fading with standard deviation equal to 6 dB is assumed. Furthermore, it has been assumed that the walls between apartments give 10 dB additional path loss. Finally, a check is made that that the final path loss is not smaller than the corresponding free space loss:
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(2)
The path loss is not limited by any specific MCL value. However, there is a limitation that distance di cannot be smaller than 0.2 m, resulting in minimum (free space) loss equal to 24.5 dB.
3 Results for scenario A 
In scenario A, the uplink interference from a visitor UE is studied. The simulation method is as follows: At each snapshot, a visitor UE (green UE in Figure 1) is placed at a random position within the apartment of interest. Furthermore, the path loss between the visitor UE and the HNB (within the same apartment) is calculated, and recorded. No HNB users are considered during the snapshots. The results after 10000 snapshots are shown in Figure 2.
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Figure 2. Simulation results for the coupling loss between the HNB and the visitor UE.
Now, it is highly possible that the visitor UE cannot be operating as close to the HNB as possible, due to UE receiver blocking. In [2] the minimum requirement has been defined as -44 dBm for an UMTS downlink interferer (with frequency offset ≤-15 MHz or ≥15 MHz), resulting in at most 3 dB sensitivity degradation at the UE. As an example, if the HNB is transmitting with an average power of 15 dBm, the UE blocking requirement will be reached at 59 dB coupling loss towards the HNB. An average power of 0 dBm would result in coupling loss of 44 dB. Assuming that typical UEs fulfill the minimum blocking requirement with a margin and/or that the visitor UE can tolerate the sensitivity degradation, a suitable minimum coupling loss could be in the order of 40-50 dB, depending on the average HNB output power. Assuming that the visiting UMTS mobile cannot operate closer than 40 or 50 dB from the HNB, the corresponding uplink interference power statistics for corner and center placement are shown in Figure 3 and Figure 4, respectively. The different curves correspond to different UE transmit powers, which would typically depend on the location of the UE with respect to its serving base station, and the uplink service.
[image: image6.emf]-45 -40 -35 -30 -25 -20 -15

80

90

100

C.D.F.  [%]

Received Power [dBm]

Corner. Coupling loss > 40 dB

 

 

24 dBm

21 dBm

18 dBm

15 dBm

 [image: image7.emf]-45 -40 -35 -30 -25

80

90

100

C.D.F.  [%]

Received Power [dBm]

Corner. Coupling loss > 50 dB

 

 

24 dBm

21 dBm

18 dBm

15 dBm


Figure 3. Simulated uplink interference from a visitor UE assuming a HNB placed in the corner of the apartment.
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Figure 4. Simulated uplink interference from a visitor UE assuming a HNB placed in the center of the apartment.
In [3] the minimum requirement for the local area BS receiver blocking is set to -30 dBm, resulting in at most 6 dB sensitivity degradation. If the same interference level is assumed also for HNB, Figure 5 can be obtained. There, the probability of exceeding the -30 dBm interference limit is drawn as a function of the visitor UE transmission power. As a comparison, the same is also done for an interference limit of -25 dBm. Under ideal assumptions, if -30 dBm results in 6 dB degradation, then -25 dBm will result in at least 10.2 dB sensitivity degradation, which could in many cases be tolerated.
As one can notice, it is not that uncommon that the visitor UE would generate an interference level, which exceeds -30 dBm, at least for locations which are fairly close to the visitor UE uplink coverage border. However, the probability would be less than 10% for an interference level of -25 dBm, even with an UE power of 21 dBm.
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Figure 5. Probability that the received interference exceeds -30 dBm or -25 dBm.
4 Results for scenario B
While scenario A considers only the scenarios and time instants, when an uncoordinated visitor UE is located in the same apartment as the HNB, scenario B considers a more continuous interference, namely the interference between different operators’ home cells. Since the interfering UEs are typically located in neighboring apartments, and are power controlled towards their own HNBs, the peak interference can be expected to be considerably lower than in scenario A. But due to the constant nature of the interference, much smaller impact on the performance of the HNB can be allowed.

The level of uplink interference between neighboring home cells is studied by running static simulations with four HNBs as shown in Figure 1. The HNB in the lower left corner is assumed to belong to operator A, while the three other HNBs are assumed to belong to operator B. At each simulation snap shot, home users are placed in random positions within the apartments with operator B HNBs. No operator A users are considered during the simulation. It has been assumed, that each HNB has always one speech call ongoing (blue UE in Figure 1), a second one with a 50% probability and an active HSUPA user (red UE in Figure 1) either with 50% or 100% probability. For the speech users, the uplink CIR target has been assumed to be equal to -18 dB (assuming uplink Rx diversity at the HNB). For the HSUPA, the noise rise target has been set to 7 dB. The noise figure of the HNB receiver is assumed to be equal to 20 dB. Finally, the average transmit power increase (due to fast uplink power control) has been assumed to be equal to 2 dB (assuming uplink Rx diversity at the HNB). Here, it should be noted that the inter-cell uplink interference is increased by that 2 dB, but not the intra-cell interference.

The simulation results are shown in Figure 6. There, the different curves correspond to different probabilities of HSUPA activity and the number of neighboring HNBs that are in worst locations from the uplink interference point of view. The scenario depicted in Figure 1 corresponds to “worst 1”, i.e. one of the neighbors is placed in the opposite corner. In “worst 2”, two of the neighbors are placed in opposite corners, while the third one is still in the middle of the apartment. Finally, in “worst 3”, all neighbors are placed in opposite corners.
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Figure 6. Simulation results for the inter-HNB interference assuming uplink Rx diversity at the HNB.
Since the indoor radio channel is not very time-dispersive, the loss due to the lack of uplink Rx diversity can be considerable, at least for the positions where the Ricean line-of-sight component is not that strong. Here, one should notice that the lack of uplink Rx diversity affects both the CIR target and the average Tx power increase. In the simulator, the CIR target to speech users is increased to -15 dB, and the average Tx power increase is set to 5 dB for the scenario without uplink Rx diversity. According to the results in Figure 7, the level of inter-HNB interference increases with approximately 3 dB. 
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Figure 7. Simulation results for the inter-HNB interference assuming no uplink Rx diversity at the HNB.

Assuming that an interference power of -30 dBm causes 6 dB sensitivity degradation [3], i.e. the resulting interference on the carrier frequency is 4.7 dB above the receiver noise floor, an interference power of -55 dBm should result in a sensitivity degradation of at most 0.04 dB. Furthermore, an interference power of -52 dBm results in a sensitivity degradation of at most 0.08 dB. Both values can be treated as “ignorable”, and hence, the current requirement for local area BS is expected to provide sufficient protection against inter-HNB interference.
5 Conclusions
The issue about Home NodeB receiver blocking requirements has been discussed for the scenarios with interfering WCDMA mobiles. Both the interference from visiting UEs and the interference from neighboring home cells has been covered.
The presented results suggest that for the inter-HNB interference, the existing requirements for local area BS are sufficient. For the interference from uncoordinated macro UEs the results suggest that the existing requirement of -30 dBm may in some scenarios lead to increased sensitivity degradation (assuming a graceful degradation within the HNB receiver), or alternatively, that the requirement for home deployments should be a few dB tougher compared to the local area BS.
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