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1 Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB) [1]. As part of that task, the downlink co-existence between overlaying macro network and adjacent channel HNBs is considered. The main goal is to make sure that the applicable RF requirements have appropriate values so that the introduction of HNBs will not significantly degrade the downlink performance of the existing (macro) networks [2].
This paper studies the downlink performance (coverage, capacity) of a macro network taking the interference from underlaying adjacent channel (+/- 5 MHz) HNBs into account. The only difference between this paper and [3] is the assumed model for the macro cell network. While [3] considered regular hexagonal macro cells (3GPP Case 1 and Case 3 from [4]), this paper assumes a realistic macro cell network with e.g. irregular cell sizes and tilted antennas.

2 Scenario and assumptions
2.1 Macro cell model

The macro cell network assumed in this paper is a real WCDMA network operated by “operator x” within the downtown area of a “major European city”. The size of the studied area is 6.2 sqkm, including a total of 228 macro cells, and the results are collected from 85 of them (to avoid the impact of any border effects). The site-to-site distances vary in between 100-700 m. 
The path loss values between base stations and different macro user (MUE) locations are obtained from a cell planning tool (TEMS Cell Planner), assuming real site data (site locations, antenna types, antenna heights (34 m in average), azimuths, tilts (6.6 degrees in average)) and building data (location, shape, height) taken from a building database. The building penetration loss is calculated taking the penetrated signal components through multiple outer walls (multiple directions) into account. For each such component, the path loss is calculated as
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where Loutdoor,x is the predicted path loss just outside the penetrated wall, and d is the distance between the wanted indoor position and the penetrated outer wall. The applied path loss model takes also the impact of floor height gain into account by assuming that the path loss on the floor level f (f = 0 for ground floor) is equal to
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Finally, each site is assumed to consist of a main unit and remote radio units. The jumper loss between the remote radio unit and the antenna is assumed to be equal to 0.2 dB.

Similar to [3] the MUEs are placed in random positions within the studied macro system coverage area. Based on the assumed probability (80% indoor, 20% outdoor) the users are divided into “indoor users” and “outdoor users”. Once the locations of the MUEs have been defined, the corresponding path loss values are read from the predicted propagation data.
It is assumed that each macro base station is transmitting with 15 W in average. However, when calculating the P-CPICH Ec/I0 and HS-DSCH CIR, the serving base station is assumed to be transmitting with full power (20 W). Furthermore, the common control channels are allocated 20% of the maximum power (i.e. 4 W), out of which P-CPICH is assumed to consume half (2 W). Assuming a network without HNBs, the DPCHs are assumed to consume 15% of the maximum power (3 W). Hence, the HS-DSCH can be allocated up to 65% of the maximum power (13 W).

The statistics for the P-CPICH RSCP and Ec/I0 are shown in Figure 1, and the results for HS-DSCH CIR are shown in Figure 2. For HS-DSCH CIR, the downlink non-orthogonality factor is assumed to be equal to 0.4 (40% of the own cell power is experienced as interference). The corresponding distributions for “3GPP Case 1” and “3GPP Case 3” taken from [3] are included as a reference.
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Figure 1. Distribution of P-CPICH RSCP and Ec/I0.
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Figure 2. Distribution of HS-DSCH CIR.

HSDPA bit rate is calculated according to the model in [5]. The only difference is that for users experiencing P-CPICH Ec/I0 less than -18 dB, the bit rate is set to zero.

Based on the P-CPICH RSCP and Ec/I0 distributions in Figure 1, distribution of the average size of the coverage hole around one HNB can be obtained, as shown in Figure 3. There, the size of the coverage hole is defined as the minimum allowed coupling loss towards the HNB, so that the P-CPICH Ec/I0 is not below -16 or -18 dB, taking the received average downlink interference from the HNB into account. The curves are drawn for various HNB HSPA utilizations and PHNBmax equal to 20 dBm. For lower PHNBmax, the curves will be shifted to the left with the corresponding amount (20 dBm – PHNBmax,dBm).
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Figure 3. Average size of the coverage holes around one HNB.

2.2 HNB model

When HNBs are introduced into the system, the macro cell users will experience increased downlink interference. The statistics for this additional adjacent channel interference (IHNB) are collected from the “apartment block” model introduced in [5], assuming either a 5 dB or 10 dB wall loss between apartments. For indoor MUEs, it is assumed that the user can be located in any of the apartments, no matter whether that apartment has a HNB or not, while for outdoor MUEs the user can be located in any position within the outdoor area surrounding the building. The HNB deployment density and the HNB HSPA utilization are modeled in the same way as in [5]. In fact, the only difference compared to [5] is that a MCL equal to 45 dB has been assumed for the macro users. An example for the HNB-to-indoor-MUE interference statistics is shown in Figure 4. The curves assume HNB maximum power equal to 20 dBm, ACIR equal to 33 dB, HNB HSPA utilization equal to 50% and a wall loss equal to 5 dB.
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Figure 4. Distribution of IHNB for indoor MUEs. Maximum HNB output power equal to 20 dBm, ACIR equal to 33 dB, HNB HSPA utilization equal to 50% and wall loss equal to 5 dB are assumed.

Looking at Figure 4, the probability that IHNB causes a MUE sensitivity degradation larger than 3 dB (IHNB > NMUE = -99 dBm) is equal to 57%, 88%, 94%, 98% and 100% for deployment densities equal to 10%, 25%, 33%, 50% and 100%, respectively. The impact of this additional interference will depend on how large the IHNB is with respect to the experienced macro cell interference at the assumed location of the MUE.
Assuming a wall loss equal to 10 dBm, the inter-apartment interference is reduced. The corresponding HNB-to-indoor-MUE interference statistics are shown in Figure 5 (HNB maximum power = 20 dBm, ACIR = 33 dB, HSPA utilization = 50%). Now, the probability that IHNB causes a MUE sensitivity degradation larger than 3 dB is equal to 42%, 76%, 86%, 95% and 100% for the assumed deployment densities. The reduction in IHNB as a result of the increased wall loss depends on the assumed HNB deployment density; the largest gains are achieved for lowest HNB densities. This is expected, since when the MUE is located in an apartment that has a HNB, the IHNB is in many cases dominated by the power received from that HNB. However, for a MUE in an apartment without a HNB, the level of IHNB has a clear dependency on the assumed wall loss. 
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Figure 5. Distribution of IHNB for indoor MUEs. Maximum HNB output power equal to 20 dBm, ACIR equal to 33 dB, HNB HSPA utilization equal to 50% and wall loss equal to 10 dB are assumed.

An additional assumption during the simulations is that all HNBs have the same maximum transmission power, independent on their location. This would correspond to the simplest form of adjacent channel deployment with a fixed HNB maximum power, or a deployment with HNBs that do not support a measurement-based transmission power adjustment algorithm. In case of co-channel deployment, the maximum power of each HNB will most probably depend on the location of the HNB with respect to the co-channel macro site, resulting also in reduced adjacent channel interference in case of co-located, or almost co-located macro carriers. However, assuming inter-operator adjacent channel deployment it could still be possible that HNBs with high output power belonging to operator A would be located close to the macro cell border of adjacent channel operator B. In that case, the simulated interference scenario might not be greatly overestimated.
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Figure 6. An example distribution of the PHNBmax values assuming a simple RSCP-based HNB power adjustment algorithm.

A simple example of possible PHNBmax distributions is shown in Figure 6. There, the HNB P-CPICH is set so that the received HNB P-CPICH RSCP at the wanted distance (coupling loss, Lcov) from the HNB is equal to the strongest macro P-CPICH RSCP, see Figure 1. Furthermore, it has been assumed that the transmitted P-CPICH power is 10% of PHNBmax. As can be noticed, it is highly possible that a considerable amount of HNBs (up to half or so) assume PHNBmax larger than 10 dBm, if the operator has decided to aim for good HNB coverage with respect to the overlaying co-channel macro cells. The obvious downside of this choice is of course large coverage holes for the co-channel MUEs, as well as a high level of interference towards uncoordinated adjacent channel macro cells.

In case of dedicated channel deployment, the operator has more freedom to adjust the PHNBmax. For example, as a first step the adjustment algorithm can try to make sure that the size of dead zone (macro P-CPICH Ec/I0 < -18 dB) for adjacent channel macro mobiles does not exceed 45 dB, when the HNB is transmitting with PHNBmax. As a second step, the algorithm limits the size of the HNB coverage area (HNB P-CPICH Ec/I0 > -18 dB) to a wanted value; {80, 85, 90, 95, 200} dB, taking the adjacent channel interference from overlaying macro cells into account. Assuming these steps, the corresponding results for the PHNBmax distribution are shown in Figure 7. As can be noticed, without any limitations to the wanted home cell size (Lcov = 200 dB), 60% of HNBs would have PHNBmax equal to 10 dB (or more).
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Figure 7. An example distribution of the PHNBmax values assuming a dedicated channel deployment of HNBs.

Neither of the two PHNBmax adjustment algorithms take the inter-HNB interference into account, both of them simply try to obtain a certain home cell coverage area with respect to the overlaying macro cell. Depending on the realization of an algorithm that considers also the inter-HNB interference scenarios, the PHNBmax values might be increased from the values in Figure 6 and Figure 7.

Finally, the increased downlink interference will increase the macro cell power required for the power controlled DPCHs, which will lead to reduced HS-DSCH transmission power. During the simulations this has been taken into account with the help of the method described in [6].
3 Simulation results for 5 dB wall loss
In this section, the applied indoor model [5] assumes that for each penetrated wall between apartments, the HNB-to-MUE path loss is increased by 5 dB.
3.1 P-CPICH coverage
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -16 dB and Ec/I0 > -18 dB) are shown in Figure 8 to Figure 12 for the assumed levels of HNB deployment density (10%, 25%, 33%, 50%, 100%). The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.
As can be noticed, the P-CPICH coverage probability is reduced with a higher HNB density, higher HNB HSPA utilization and a higher PHNBmax. In general, PHNBmax values above 5…10 dBm seem to cause a considerable reduction in macro cell coverage.
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Figure 8. P-CPICH coverage probability for 10% HNB deployment density.
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Figure 9. P-CPICH coverage probability for 25% HNB deployment density.
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Figure 10. P-CPICH coverage probability for 33% HNB deployment density.
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Figure 11. P-CPICH coverage probability for 50% HNB deployment density.
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Figure 12. P-CPICH coverage probability for 100% HNB deployment density.

3.2 Macro cell downlink capacity
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 13 to Figure 15 for the assumed HNB deployment densities (10%, 25%, 33%, 50% 100%). The relative bit rates are calculated with respect to the scenario without HNBs.

Similar to macro cell coverage, also the macro cell coverage is reduced with a higher HNB HSPA utilization, higher HNB density and a higher PHNBmax. Furthermore, one can also conclude that PHNBmax values larger than 5…10 dBm seem to lead to a clearly noticeable capacity reduction within the overlaying adjacent channel macro cell.
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Figure 13. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 14. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 15. Relative average HSDPA bit rate for 100% HNB deployment density.
4 Simulation Results for 10 dB wall loss
In this chapter, the applied indoor model [5] assumes that for each penetrated wall between apartments, the HNB-to-MUE path loss is increased by 10 dB.
Looking at the macro cell coverage results in section 4.1 and the macro cell capacity results in section 4.2, the impact of reduced IHNB is noticeable. However, the improvement is not large enough to motivate changes in the conclusions from the previous chapter. Hence, even with a 10 dB wall loss between apartments, PHNBmax values larger than 5…10 dBm seem to lead to a clearly noticeable coverage and capacity reduction within the overlaying adjacent channel macro cell
4.1 P-CPICH coverage
Simulation results for macro cell P-CPICH coverage probability (Ec/I0 > -16 dB and Ec/I0 > -18 dB) are shown in Figure 16 to Figure 20 for the assumed levels of HNB deployment density. The corresponding P-CPICH coverage probability in a scenario without any HNBs is included as a reference.
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Figure 16. P-CPICH coverage probability for 10% HNB deployment density.
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Figure 17. P-CPICH coverage probability for 25% HNB deployment density.
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Figure 18. P-CPICH coverage probability for 33% HNB deployment density.
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Figure 19. P-CPICH coverage probability for 50% HNB deployment density.
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Figure 20. P-CPICH coverage probability for 100% HNB deployment density.

4.2 Macro cell capacity
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 21 to Figure 23 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 21. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 22. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 23. Relative average HSDPA bit rate for 100% HNB deployment density.

5 Conclusions

This paper has studied the downlink co-existence between a realistic (urban) macro cell layer, and adjacent channel (+/- 5 MHz) HNBs.
The presented simulation results suggest that in order to achieve an acceptable co-existence performance, the maximum output power of the HNBs (PHNBmax) should be limited to 0…10 dBm, depending on the assumed HNB deployment density and HNB HSPA utilization. For many of the assumed scenarios, PHNBmax should not exceed 5 dBm.

The impact of adjusted PHNBmax has not been considered during the simulations. However, depending on the HNB capabilities,  the chosen PHNBmax adjustment criteria, and the inter-system offset between the adjacent channel macro layers (if applicable), the assumed simulation method may not greatly overestimate the interference towards an uncoordinated (adjacent operator) macro carrier. This is especially the case for the “worst case offset” between the neighboring operators’ macro carriers.

Even though the assumed scenario is not necessarily applicable from the RF requirements point of view, it demonstrates how an uncontrolled use of higher PHNBmax can lead to considerable interference towards adjacent carriers and operators.
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