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1 Introduction

This paper studies the Home NodeB (HNB) uplink performance within the “block of flats” scenario, when the HNBs are re-using one of the macro frequencies. The main focus is on the uplink co-existence between neighboring HNBs.

The overall uplink co-existence scenario including two HNBs and a macro cell is presented in Figure 1. In general, due to access control a HUE can be located closer to a neighboring (co-channel) Node B compared to the serving HNB. From the uplink point of view this would mean, that the received C/N at the neighboring NodeB will be higher than the received C/N at the serving HNB. Hence, if a handover would be allowed, the HUE could achieve the same service with less transmission power.

Figure 1 demonstrates three types of uplink interference scenarios (red arrows):

· HUE interfering a neighboring HNB.

· HUE interfering an overlaying cell.

· MUE interfering a HNB.

The first bullet will be discussed in this paper, as well as in [1]. The second interference scenario is discussed in [2]. The third uplink interference scenario has not been simulated during this study, but is briefly touched upon in the conclusions.
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Figure 1. Uplink co-existence scenario between HNBs and a MNB.

2 Scenario and Assumptions
The simulation methodology and assumptions are described in detail in [3]. Hence, the simulations are performed for three different locations within the macro cell:
· Location A (“close to macro site, best 10th percentile”)
P-CPICH RSCPindoor = -60 dBm, RSSIindoor = -50.8 dBm, P-CPICH Ec/I0 = -9.2 dB
· Location B (“middle of macro cell, median”)
P-CPICH RSCPindoor = -73.5 dBm, RSSIindoor = -63.0 dBm, P-CPICH Ec/I0 = -10.5 dB
· Location C (“close to cell border, worst 10th percentile”)
P-CPICH RSCPindoor = -84 dBm, RSSIindoor = -71.8 dBm, P-CPICH Ec/I0 = -12.2 dB 

In order to model the impact of handover (intra-frequency, inter-frequency or inter-RAT) an assumption is made, that the home UE can only be located in a position where:

· HNB P-CPICH Ec/I0 > -16 dB and RSCPHNB – RSCPMNB > -3 dB
Furthermore, simulations are run with two different Rise-over-Thermal (RoT) thresholds, 6 dB and 10 dB, and with different limitations of the maximum CIR. With RoT threshold equal to 6 dB, the maximum target bit rate (in a single UE scenario) becomes equal to 3.06 Mbps, while with RoT threshold equal to 10 dB, the maximum target bit rate becomes equal to 5.10 Mbps. The maximum CIR is varied between {0, 1, 2, 3, 4, 5, 6} dB, resulting in target bit rates equal to {1.54, 1.81, 2.10, 2.43, 2.78, 3.16, 3.56} Mbps.
Finally, the simulations are run for two different HNB deployment probabilities, 33% and 100%. For each of them, HSPA utilization is varied between 10% and 100%. As an example, deployment probability equal to 33% and HSPA utilization equal to 50% corresponds to a scenario, where in average every third of the 6*25 apartments has a HNB, and in average half of them are scheduling a HSUPA user at the same time, while the rest are assumed to not have any uplink traffic.

For the background discussion applicable to these simulations, see [1].

3 Simulation Results for P-CPICH Coverage

As mentioned, the downlink results for the P-CPICH coverage are used as a basis for uplink simulations. This is due to the assumption that the HSUPA users can only be located within the P-CPICH coverage area of the serving HNB.

3.1 Location A (“close to macro site”)
The simulated P-CPICH coverage probability, calculated over the whole apartment area of 100 m2, is shown as a function of the HSPA utilization in Figure 2. The different curves correspond to different PHNBmax values. As can be noticed, the impact of PHNBmax is typically much larger than the impact of both HNB deployment density and HSPA utilization, unless very high density of HNBs and high output power are assumed. This is due to the fact that the HNB coverage area within a location close to a co-channel macro site is typically limited by the macro cell interference, and not by the inter-HNB interference.
Based on the results in [4], PHNBmax equal to 15 dBm is assumed for the uplink simulations.
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Figure 2. P-CPICH coverage probability as a function of HSPA utilization, and with different values of PHNBmax.
3.2 Location B (“middle of the macro cell”)
The simulated P-CPICH coverage probability, calculated over the whole apartment area of 100 m2, is shown as a function of the HSPA utilization in Figure 3. The different curves correspond to different PHNBmax values. Even though the level of macro interference has become lower compared to ‘location A’, the impact of PHNBmax is still larger than the impact of both HNB deployment density and HSPA utilization, unless very high density of HNBs and high output power are assumed.
Based on the results in [4], PHNBmax equal to 5 dBm is assumed for the uplink simulations.
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Figure 3. P-CPICH coverage probability as a function of HSPA utilization, and with different values of PHNBmax.
3.3 Location C (“close to cell border”)
The simulated P-CPICH coverage probability, calculated over the whole apartment area of 100 m2, is shown as a function of the HSPA utilization in Figure 4. The different curves correspond to different PHNBmax values. As the macro interference has been reduced even further, the impact of HNB density and HSPA utilization on the P-CPICH coverage has become more visible.
Based on the results in [4], PHNBmax equal to -5 dBm is assumed for the uplink simulations.
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Figure 4. P-CPICH coverage probability as a function of HSPA utilization, and with different values of PHNBmax.
4 Simulation Results for HNB-to-HNB Interference
This chapter presents the results for the three locations. The results are not analysed in detail here, in particular not for ‘location B’ and ‘location C’. Instead, the findings from these results, together with the findings in some other papers are discussed in next chapter.

4.1 Location A (“close to macro site”)
Assuming RoT threshold equal to 6 dB, maximum CIR equal to 3 dB, PHNBmax equal to 15 dBm and HNB deployment equal to 100%, the distribution of the achieved bit rates with different levels of HSPA utilization (10…100%) can be obtained, see Figure 5. A bit rate equal to 0 Mbps represents a scenario, where the HSUPA user could not be scheduled due to too high level of uplink interference, or the achievable CIR is less than -10 dB [3].
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Figure 5. Distribution of the achieved HSUPA bit rates with different levels of HSPA utilization.
Simulation results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 6. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 7.
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Figure 6. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 7. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
The uplink scheduler can be made less sensitive to external interference for example by increasing the value of RoT threshold. For example, if the RoT threshold is increased to 10 dB, and keeping the other parameters the same as in Figure 5, the corresponding distribution of the achieved bit rates with different levels of HSPA utilization (10…100%) can be obtained, see Figure 8. Compared to Figure 5, the gains in achievable HSUPA bit rates are clearly visible.
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Figure 8. Distribution of the achieved HSUPA bit rates with different levels of HSPA utilization.
Simulation results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 9, assuming RoT threshold equal to 10 dB. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 10.
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Figure 9. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 10. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
It is shown in Figure 2 that P-CPICH coverage benefits clearly from increased PHNBmax. A similar comparison for the HSUPA bit rates is shown in Figure 11 and Figure 12. There, the solid and dashed lines correspond to PHNBmax equal to 15 dB and 20 dBm, respectively. The results indicate that applying a higher PHNBmax for downlink will increase the uplink interference towards the neighboring HNBs. This is due to the fact that a higher PHNBmax will increase the coverage area of the HNB, making it also possible for a HUE to get closer to the neighboring HNB in locations where the P-CPICH coverage is limited by the macro interference and not by the inter-HNB interference. However, the level and impact of this additional uplink interference seems to be relatively small.
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Figure 11. Probability that the HSUPA bit rate is less than 200 kbps. Solid lines correspond to PHNBmax = 15 dBm, while dashed lines correspond to PHNBmax = 20 dBm.
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Figure 12. Average HSUPA bit rate for the scheduled users with different maximum CIR values. Solid lines correspond to PHNBmax = 15 dBm, while dashed lines correspond to PHNBmax = 20 dBm.
4.2 Location B (“middle of the macro cell”)
Assuming RoT threshold equal to 6 dB and PHNBmax equal to 5 dBm, the results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 13. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 14.
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Figure 13. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 14. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
With RoT threshold equal to 10 dB, the results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 15. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 16.
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Figure 15. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 16. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
4.3 Location C (“close to cell border”)

Assuming RoT threshold equal to 6 dB and PHNBmax equal to -5 dBm, the results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 17. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 18.
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Figure 17. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 18. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
With RoT threshold equal to 10 dB, the results for the probability of experiencing uplink bit rate less than 200 kbps are presented in Figure 19. Furthermore, the results for the average uplink bit rate (considering only the scheduled users) are shown in Figure 20.
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Figure 19. Probability that the HSUPA bit rate is less than 200 kbps.
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Figure 20. Average HSUPA bit rate for the scheduled users with different maximum CIR values.
5 Discussion and Conclusions

This paper has studied the Home NodeB (HNB) uplink performance within the “block of flats” scenario, when the HNBs are re-using one of the macro frequencies. The main focus has been on the uplink co-existence between neighboring HNBs.
These results should be considered together with the results in [1], [2], [4] and [5].

The results indicate that in a scenario without interfering close-by macro UEs, and with PHNBmax adjusted to “harmonize” the HNB downlink coverage over the different locations, also the simulated HSUPA performance becomes fairly harmonized. Similar to the findings in [1], the inter-HNB interference is found to have a clear impact on the HSUPA performance. However, as demonstrated by the simulation results, the problems can be solved or at least relieved by increasing the RoT threshold, and/or by limiting the maximum uplink CIR within the home cell.
Desensitization of the HNBs would not help to solve the problems caused by inter-HNB interference, assuming that neighboring HNBs would still have the same noise figure. However, if only the victim HNB is desensitized, the situation can be improved. In all, relying on increased RoT threshold and/or bit rate limitations would seem like a better solution.

If the uplink interference from co-channel macro UEs, either “own” UEs that are located just outside the HNB coverage area, or visiting MUEs, would be considered, the simulation results might look somewhat different. Assuming that PHNBmax is adjusted so that roughly the same HNB coverage area is achieved in different locations, the path loss between the HNB and a MUE close to the cell border between a macro and home cell would stay roughly constant. However, the same MUE would typically experience a higher path loss towards the serving MNB within locations where PHNBmax is low. Hence, at those locations the MUE would typically be transmitting with higher power, generating a higher level of uplink interference towards the HNB. As a conclusion, assuming the same RoT threshold for all locations might result in worse performance for locations far away from the macro sites. Either a sufficiently high RoT threshold should be applied for all HNBs, or the RoT threshold should be increased with reduced macro RSSI (or reduced PHNBmax).
An alternative to the increased RoT threshold is to increase the HNB noise floor at locations, where a high level of external interference is expected. The price of desensitizing the HNB is the increased interference towards MNBs, but as demonstrated by the results in [2], some amount of densensitization could be applied for scenarios with a sufficiently large difference between PMNBmax and PHNBmax. However, as a result of desensitization a constant increase of HUE Tx powers is introduced, reducing the battery stand-by and talk times. Therefore, it might actually be better to rely mostly on the increased RoT threshold, since that will cause additional interference towards MNB and higher HUE Tx powers only when the interfering MUE is present.
In all, the results in this paper, as well as the results in [1] and [2], confirm that the (closed subcriber group) HNB is feasible also from the uplink point of view. There will be some uplink co-existence problems, but there are also some different ways to solve or at least relieve the problems without degrading the HNB uplink performance too much, the preferred ones being the adjustment of the RoT threshold for the HSUPA scheduler, and the limitation of the maximum uplink bit rates within the home cell.
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