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1
Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB). One of the objectives of the work item is to update the radio requirements in TS 25.104 for HNBs [1]. Although the minimum HNB transmit power is not part of the specifications, the lower limit should be set appropriately to limit the coverage hole created for macrocell downlink. In this contribution, we show that the total HNB tx power may need to go lower than 0 dBm. This will result in a CPICH power level below ‑10 dBm (assuming CPICH Ec/Ior = -10 dB) which is the minimum level that can currently be signaled to the UE. This could potentially result in a mismatch between the signaled CPICH tx power and the actual power level. This mismatch would increase the HUE open-loop tx power level for RACH. However, the mismatch can be compensated by adjusting the Constant Value parameter for RACH.  
2 Scenario and Simulation Assumptions

In this contribution we consider a dense-urban model corresponding to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units.  The description of the dense-urban model is as follows. 
In the dense-urban model, blocks of apartments are dropped into the three center cells of a macro cell layout with ISD of 1 km. Each block is 50mx50m and consists of two buildings (north and south) and a horizontal street between them as shown in Figure 1. The width of the street is 10 meters. Each building has K floors. K is chosen randomly between 2 and 6. In each floor, there are 10 apartment units in two rows of five. Each apartment is 10mx10m (i.e., approximately 1076 square feet) and has a one-meter-wide balcony. The minimum separation between two adjacent blocks is 10m. The probability that a HUE is in the balcony is assumed to be 10%. We drop 2000 apartment units in each cell which corresponds to a 6928 households per square kilometer. This represents a dense-urban area. Taking into account various factors such as wireless penetration (80%), operator penetration (30%) and HNB penetration (20%), we assume a 4.8% HNB penetration which means 96 of the 2000 apartments in each cell have a HNB installed from the same operator. Out of these, 24 HNBs are simultaneously active (have a HUE in connected mode). If a HNB is active, it will transmit at full power, otherwise it will transmit only the pilot and overhead channels.

MUEs are also dropped randomly into the three center cells of the 57-cell macro layout such that 30% of the MUEs are indoor. In addition, we enforce a minimum path loss of 38 dB between UEs and HNBs (i.e., one-meter separation). In the dense-urban model, we use the 3GPP micro-urban model for the outdoor path loss computation [2]. The free-space component for the micro-urban model is given by
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The other propagation models are similar to the ones in [3].
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Figure 1: Top view of the apartment block in dense-urban model

The CDF of PL from the MUE to the closest HNB is shown in Figure 2 for the dense-urban. 
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Figure 2: Distribution of path loss from MUEs to nearest HNB for dense-urban model

3
Idle Cell Reselection Parameters

Throughout this contribution, we assume co-channel deployment where HUEs and MUEs share the same carrier.  Closed subscriber group is assumed throughout. We say a UE is unable to acquire the pilot if the CPICH Ec/No is below Tacq. We use Tacq=-20 dB for our analysis. For this analysis, the MNBs are assumed to transmit at 50% of the full power (i.e., 40 dBm).The CPICH Ec/Ior for MNBs and HNBs are set to -10 dB (i.e., 33 dBm). In addition, we take into account idle cell reselection procedure to determine whether a HUE is camped on its HNB or on a MNB or whether it is moved to another carrier. A HUE will be moved to another carrier if it is not able to acquire the pilots of the HNB and macro on the shared carrier or if the HUE (unsuccessfully
) attempts to perform an idle cell reselection to a neighbor HNB.  Similarly, a MUE will be moved to another carrier if it is not able to acquire the macro pilot or if it (unsuccessfully) attempts to perform an idle cell reselection to a HNB. Table 1 summarizes representative idle cell reselection parameters used in our analysis.  These parameters are set such that priority is given to HNBs over MNBs when a UE is performing idle cell reselection. However, a minimum CPICH Ec/No of -12 dB is enforced for HNBs so that idle cell reselection to a HNB happens only when the HNB signal quality is good.
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Table 1: Parameters for idle cell reselection procedure
4
Coverage Analysis with Calibrated HNB Transmit Power 

As discussed in [4], one value of HNB transmit power does not work in all scenarios and, hence, HNB transmit power needs to be adapted to provide acceptable performance for HUEs and MUEs. The following algorithm can be used as a guideline to pick the HNB DL transmit power:

Algorithm: HNB Transmit Power Calibration

The transmit power of HNB is determined as follows. Each HNB measures the total signal strength (No) from all the other NodeBs (including MNBs and HNBs). It also measures the pilot strength from the best MNB. Based on these measurements, the HNB determines its transmit power:

1. To maintain a CPICH Ec/No of -18 dB for a MUE located X1 dB away from the HNB on the same channel (i.e., protect the co-channel macro user)

2. To maintain a CPICH Ec/No of -18 dB for a MUE located X2 dB away from the HNB  on the adjacent channel (i.e., protect the adjacent channel macro user)

3. To make sure that HNB is not causing unnecessary interference to others by enforcing a cap on CPICH Ec/No of the HUE of -15 dB at X3 dB away from the HNB.
If HNB uses its own measurements for calibration of its transmit power this error could results in lower or higher transmit power values compared to optimum. As a practical method to prevent worst cases errors, we enforce certain upper and lower limits on HNB transmit power. 

In summary HNB picks the minimum of the values obtained from constraints 1, 2, and 3, and ensures that the value is in the acceptable range (i.e., between Pmin and Pmax). 

In this section we analyze performance of UEs with calibrated HNB transmit power algorithm described above. For the algorithm, we set X1=X3=80 dB. The second constraint in the algorithm is not applicable since we assume single-frequency co-channel deployment here. Table 2 and Table 3 show the pilot acquisition and outage statistics for dense-urban model with calibrated HNB transmit power. We compare two cases:

i) Calibrated HNB transmit power with Pmin=0 dBm and Pmax=20 dBm

ii) Calibrated HNB transmit power with Pmin=-10 dBm and Pmax=20 dBm

Table 2: Pilot acquisition statistics for dense-urban model with 24 active HNBs and calibrated HNB transmit power
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Pmin=0dBm, Pmax=20dBm Pmin=-10dBm, Pmax=20dBm

HUEs unable to acquire HNB pilot

0.5% 2.0%

HUEs unable to acquire HNB or macro pilot

0.2% 0.2%

MUEs unable to acquire macro pilot

13.0% 7.3%


Table 3: Coverage statistics for dense-urban model with 24 active HNBs and calibrated HNB transmit power 
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Pmin=0dBm, Pmax=20dBm Pmin=-10dBm, Pmax=20dBm

MUEs moved to another carrier

24.0% 14.3%

HUEs in HNB outage

2.4% 5.0%

HUEs switched to macro on shared carrier

1.1% 3.6%

HUEs moved to another carrier

1.3% 1.4%


The HNB transmit power CDFs are also shown in Figure 3 and Figure 4. 
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Figure 3: HNB transmit power CDF for dense-urban scenario with Pmin=0dBm and Pmax=20dBm
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Figure 4: transmit power CDF for dense-urban scenario with Pmin= -10dBm and Pmax=20dBm
It is seen that in dense-urban model, a significant number of HNBs hit the minimum -10 dBm transmit power (Figure 4). Limiting minimum HNB power to 0 dBm will result in significant coverage hole for the macro. As shown in Table 3, 24% of MUEs will switch to another frequency with 0 dBm HNB tx power compared to 14% with -10 dBm tx power.  This suggests that the lower limit for the total HNB tx power should be set below 0 dBm to limit the coverage hole created for the macrocell downlink. This will result in CPICH tx power levels below the -10 dBm minimum for Primary CPICH Tx Power that can currently be signaled to a UE as specified in TS 25.331 [5]. Note that here our focus has been on single-frequency co-channel deployment. If the adjacent-channel constraint is also imposed in determining HNB tx power, the resulting DL tx power values could potentially be more conservative. This would mean that the percentage of HNBs with total tx power below 0 dBm would increase.
5
Discussions and Conclusions

In this contribution, we have studied the impact of HNB minimum total tx power level on the coverage hole created for macro downlink performance in a co-channel deployment where HUEs and MUEs share the same carrier. We have shown that the HNB transmit power may need to go below 0 dBm to limit the coverage hole for macro. This can result in a CPICH tx power below -10 dBm. The CPICH tx power is signaled to the UE by RRC and is used by the UE to estimate the path loss to the NodeB. The estimated path loss is used by the UE for determining the initial tx power for RACH:

Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value 
Currently, the lowest CPICH power level that can be signaled to the UE is -10 dBm as specified in TS25.331. When the HNB CPICH tx power is below -10 dBm, the estimated path loss by the HUE (i.e., Primary CPICH TX power – CPICH_RSCP) will be higher than the actual path loss. This will result in a higher tx power by the HUE than necessary. The increase in the HUE tx power will expedite the access but at same time causes unnecessary interference for the macro uplink. To get around this, the HNB can use the Constant Value parameter to compensate for the mismatch between the actual CPICH tx power. level and the one signaled to the HUE.  In [5], the allowed range for the Constant Value parameter is specified as [-35 dB … -10 dB]. The Constant Value signaled to the HUE can be made lower than the desired target to offset the increase in the estimated path loss resulted from the mismatch in CPICH tx power  
In summary, we have shown that the HNB total tx power may need to go below 0 dBm to limit the coverage hole created for macro downlink. This could result in a HNB CPICH tx power below -10 dBm which is the lowest level that currently can be signaled to the UE and, hence, an error in the path loss estimated by the HUE. However, the mismatch can be compensated by adjusting the Constant Value parameter that is signaled to the HUE by the HNB for RACH. 
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� The idle cell reselection attempt will be unsuccessful due to restricted association.
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