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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 required receiver sensitivity (noise figure) of the HNB.

This paper discusses the issue about HNB receiver sensitivity and the trade-off between the protection against any uncoordinated uplink interference and the uplink interference towards overlaying cell layers, in particular towards the co-channel macro cells.
2 Background
WCDMA Home NodeB will most probably support HSUPA for uplink communication. Since the required CIR, and hence the received power increase as the uplink bit rates are increased, the possible impact on the overlaying macro layer should not be ignored.

Let us assume the scenario shown in Figure 1. A home UE (hUE) is connected to HNB, and is interfering a co-channel macro NodeB (MNB). From the uplink interference point of view the worst case is when the hUE is located close to the cell border between the home cell and the macro cell, but does not have a connection towards the MNB.
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Figure 1. Assumed scenario. A home UE is located in between a HNB and a MNB.
Assuming that at the location of the hUE, the HNB P-CPICH RSCP is  dB stronger than the strongest macro P-CPICH RSCP, and that the same relative amount of maximum base station power (Pmax) is allocated to P-CPICH both at HNB and MNB, the following equation can be written (all variables are in dB):
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(1)
where LDL is the downlink path loss between the hUE and a NodeB. Considering the received uplink powers from hUE at both HNB and MNB, the following equation can be written:
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(2)
where  is the average transmit power increase for the hUE. Assuming now that the uplink path loss difference is the same as the downlink path loss difference, the following can be written:
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(3)
Considering the receiver noise and the other uplink interference,
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(4)
Now, if for example Pmax,HNB – Pmax,MNB = -23 dB and IHNB – IMNB = 15 dB, equation (4) becomes equal to
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(5)
The value of  will depend on the multipath profile of the radio channel between the hUE and the HNB, as well as on the existence of receive diversity at the HNB. In [1],  was assumed to be equal to 2 dB (ITU Indoor A –type of channel with Rx diversity) or 5 dB (ITU Indoor A –type of channel without Rx diversity). Hence, with fairly large values of , the CIR (MNB) and hence the uplink interference, at MNB will become considerably lower than the required uplink CIR at the HNB (HNB). However, assuming a HNB without Rx diversity, smaller value of , smaller difference in Pmax and/or that the difference in receiver noise figure is larger, uplink interference problems may arise at the MNB.

3 Simulation assumptions 
The assumed scenario is described in Figure 2. Similar to [2], no specific geographical locations, in terms of (x,y,z) coordinates, within the macro cell are studied, but the impact of macro cell is taken into account with the help of two parameters: macro cell RSSI and P-CPICH Ec/N0 at the location of the home cell, but with zero HNB output power.
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Figure 2. Assumed scenario for the simulation.

The reason for simulating a HNB within a large building is to include the cell border between the home cell and the macro cell within the simulated area. The simulation is performed as follows:
Step 1. Assume macro RSSI and P-CPICH Ec/N0 for the location of the home cell. Assume a suitable Pmax and activity factor for the HNB. Here, the activity factor is assumed to be equal to 30%, and the Pmax follows the curves in Figure 3 [2].
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Figure 3. Assumed HNB Pmax as a function of the RSSImacro. The different curves correspond to different macro P-CPICH Ec/N0 values without the HNB.
For each snap shot:

Step 2. Create a home UE in a random position within the studied area. The path loss towards the HNB follows the model described in [3]. Check the difference between HNB P-CPICH RSCP and macro P-CPICH RSCP. For HNB, it is assumed that 10% of Pmax is allocated to P-CPICH. For macro, the RSCP can be calculated from the assumed RSSI and Ec/N0. If the HNB P-CPICH is at least  dB stronger than the macro P-CPICH, continue to step 3, otherwise ignore this home UE, and run step 2 again. During these simulations,  is assumed to be equal to 4 dB.
Step 3. Create a visitor UE in a random position within the studied area. Check the P-CPICH quality assuming ACIR values equal to {0, 33, 43} dB. Pick the lowest ACIR which results in average Ec/N0 above -16 dB. If none of the ACIR values result in sufficient quality, assume no visitor UE for this snap shot.
Step 4. Calculate the required transmission power for the visitor UE. The downlink path loss towards the serving MNB can be calculated from the P-CPICH RSCP, assuming that the P-CPICH transmission power is 33 dBm. For simplicity, the uplink path loss is assumed to be equal to the downlink loss. A noise figure equal to 5 dB, background interference level (RoT = 2 dB) and uplink CIR target (-18 dB) for the MNB are assumed.
Step 5. Calculate the received power from the visitor UE at the HNB.

Step 6. Calculate the maximum allowed received power and the corresponding transmission power for the home UE (HSUPA). During the simulations, a noise rise threshold equal to 7 dB has been assumed. If the allowed Rx power is less than zero, no HSUPA user can be scheduled during this snap shot (HSUPA CIR is set equal to 0).

Step 7. Calculate the interference power from the home UE towards the MNB. Assume ACIR equal to 0 dB (co-channel macro cell) and the uplink path loss from step 4. Assume also an average transmission power increase equal to 2 dB (HNB uplink Rx diversity assumed).
Step 8. Record the results and run a new snap shot.

4 Simulation results without visitor UE
As a reference, the simulation is first run without any visitor mobiles, in order to check how large interference a single HSUPA user can create towards an overlaying co-channel macro cell.

The simulations are run for RSSImacro equal to [-90, -85,…,-50] dBm and Ec/N0 equal to -8 dB, resulting in uplink path losses from the home cell area towards the MNB as shown in Figure 4.
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Figure 4. Assumed uplink path loss values (between home cell and MNB) for the simulated scenarios.
Since this scenario has no background interference, and the indoor path losses are small enough to keep the required mobile power below the maximum, the achieved uplink CIR for the home UE will always be equal to 4.01 (6.0 dB).
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Figure 5. Simulated sensitivity degradation at the MNB with different values of noise figure.
The simulation results for the MNB sensitivity degradation are shown in Figure 5. The sensitivity degradation sens is defined as
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(6)

where IhUE is the uplink interference from the home UEs towards the MNB, and NMNB is the thermal noise floor of the MNB, assuming a noise figure equal to 5 dB.

The results suggest that the HNB noise figure should not exceed 20 dB, or that the HNB should not be desensitized by more than 15 dB with respect to the MNB, in order to keep the sensitivity degradation at a low level. If the lower limit for the  value is smaller than 4 dB, which will be the case for example when soft handover between a home cell and a macro cell is not allowed, and/or when cell offsets are applied to enhance the coverage of the home cell, it will result in higher peak interferences for large home cell coverage areas than shown in Figure 5.
Although in most of the actual deployments the area to be covered with the home cell will be considerably smaller than what was simulated, resulting in a dominating home cell (large  values) and hence, reduced uplink interference, the number of simultaneously active home cells that have an uplink path loss less than 105 dB towards the overlaying macro cell, may in many of the cases be large. Furthermore, as demonstrated in [2], for locations close to the MNB, a clearly dominating home cell may be difficult to accomplish, even in smaller apartments. Finally, any additional uplink interference, for example in form of inter-HNB interference or interference from visiting UEs will increase also the uplink interference towards macro cells. Therefore, it is well motivated to keep the uplink impact of a HNB under control.
5 Simulation results with a visitor UE

The conclusion from the previous chapter was to limit the HNB noise figure to 20 dB. In this chapter the impact of a visitor UE on the HNB uplink will be verified.
Since the assumed scenario does not contain any R99 mobiles, which apply fast power control towards a certain (fixed) CIR target, the uplink interference from home cell towards the macro cell will not increase as a result of the interfering visitor UE. Furthermore, since the desired home cell coverage area is fairly small, no major coverage problems would be expected for the R99 channels, even though the background interference is increased at the HNB. However, due to the additional interference, the achievable HSUPA CIR will be reduced, as demonstrated by the simulation results in Figure 6.
As could be expected, a higher noise figure will make the HNB more robust against external uplink interference. It is also clearly visible that a noise figure equal to 20 dB, which was defined to be the maximum from the home-to-macro uplink interference point of view, is not large enough to provide effective protection against visitor UEs transmitting on higher power levels. Therefore, some other means, e.g. RRM, are needed instead to improve the HSUPA performance.
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Figure 6. Simulation results for HSUPA CIR taking the interference from a visitor UE into account.
6 Conclusions
This paper has discussed the tradeoff between Home Node B receiver sensitivity and interference towards overlaying macro cells. The presented simulation results suggest that the Home Node B should not be desensitized by more than 15 dB with respect to the macro Node B in order to keep the MNB sensitivity degradation at a sufficiently low level. This means, that the already existing minimum requirement for local area BS (14 dB desensitization with respect to macro) could possibly be applied also for Home Node B.
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