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1
Introduction

Interference management techniques for HNB deployments are described in [1]. In this contribution, we study the performance of calibrated HNB transmit power and compare it to the performance of fixed HNB transmit power. Co-channel deployment with closed subscriber group (i.e., restricted association) is assumed. We consider both suburban and dense-urban deployment environments. We show that a fixed HNB transmit power cannot achieve good performance for all deployment scenarios. Hence, calibrated HNB transmit power is preferred. We describe a possible method of calibrating the HNB transmit power and show that it performs well in both dense-urban and suburban scenarios. A HNB transmit power range from -10dBm to 20dBm is shown to achieve a reasonable performance in terms of providing good HNB coverage and acceptable macro coverage hole.  In addition, we show the gains from deploying HNBs in terms of HSPA+ DL throughput capacity gains and coverage improvements.  We show a simple model suitable for a test case for interaction between HNBs and MNBs. The performance of Release 99 voice and HSPA+ DL throughput are compared for this model with fixed and calibrated HNB transmit power. 

We propose the text of this contribution to be inserted in TR 25.9xx.

2 Scenario and Simulation Assumptions

In this contribution we consider two different deployment models, dense-urban model and suburban model. The dense-urban model corresponds to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units.  The suburban model is for suburban areas where there are single-storey houses with a larger layout and a bigger yard.

Dense-urban Model:

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 [3]. 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 [2].
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Figure 1: Top view of the apartment block in dense-urban model

Suburban Model:

Houses of size 12mx12m (i.e., 1550 sf) are dropped in the three center cells of a 57-cell macro layout with ISD of 1 km. A HNB is dropped randomly inside each house. Corresponding to each HNB, a HUE is dropped randomly such that with probability 0.8 the HUE is inside the house and with probability 0.2 the HUE is outside the house in the yard. The total lot size (including the yard) is assumed to be 24mx24m. The houses are dropped such that they do not overlap and no HUE is inside a neighbor’s house. Macro UEs are then dropped in the three center cells of the macrocell layout such that with 30% probability the MUE is inside a house. In addition, we enforce a minimum path loss of 38 dB between UEs and HNBs (i.e., one-meter separation). We drop 99 HNBs per macro cell. Out of these 24 HNBs are simultaneously active (have a HUE in connected mode). In the suburan model, we use the 3GPP macro-urban model for the outdoor path loss computation [4]. The free-space component for the macro-urban model is given by
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The other propagation models are similar to the ones in [2].

The comparison of the micro and macro free space models is shown in Figure 2. The CDF of PL from the MUE to the closest HNB is shown in Figure 3 and Figure 4 for the dense-urban and suburban models. 
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Figure 2: Plot of free space loss as a function of distance for macro and micro urban models
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Figure 3: Distribution of path loss from MUEs to nearest HNB for dense-urban model
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Figure 4: Distribution of path loss from MUEs to nearest HNB for suburban model

Note that 12% and 30% of the MUEs are within 80dB of the nearest HNB in the dense-urban and suburban models, respectively.

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=-20dB for our analysis. For this analysis, the MNBs are assumed to transmit at 50% of the full power (i.e., 40dBm).The CPICH Ec/Ior for MNBs and HNBs are set to -10dB (i.e., 33dBm). 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 -12dB is enforced for HNBs so that idle cell reselection to a HNB happens only when the HNB signal quality is good.
Table 1: Parameters for idle cell reselection procedure
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4
Coverage Analysis for Fixed HNB Transmit Power

In this section, we obtain coverage statistics for HUEs and MUEs when the HNB transmit power is fixed. We consider two different power settings: -10dBm and 10dBm.  Table 2 - Table 5 summarize the pilot acquisition and coverage statistics for dense-urban and suburban models, respectively. 

A MUE is moved to another carrier if it cannot set up a call on the shared carrier because either it is unable to acquire the macro pilot or it (unsuccessfully) attempts to perform an idle cell reselection to a HNB on the shared carrier.

A HUE is in HNB outage if either it is unable to acquire the HNB pilot or it performs an idle cell reselection to macro on the shared or another carrier. A HUE is moved to another carrier if either it is unable to acquire the pilots from macro and HNB on the shared carrier or it (unsuccessfully) attempts to perform an idle cell reselection to a neighbour HNB on the shared carrier.

No HNB column corresponds to the case where there are no HNBs deployed in the system. For this case, the so-called HUEs which are located inside houses/apartments need to get coverage from macrocell.

Table 2: Pilot acquisition statistics for dense-urban model with 24 active HNBs and fixed HNB transmit power
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HUEs unable to acquire HNB pilot

2.3% 0.3% N/A

HUEs unable to acquire HNB or macro pilot

0.2% 0.2% 4.9%

MUEs unable to acquire macro pilot

7.3% 23.0% 2.7%


Table 3: Coverage statistics for dense-urban model with 24 active HNBs and fixed HNB transmit power
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MUEs moved to another carrier

13.3% 45.3%

HUEs in HNB outage

5.7% 1.6%

HUEs switched to macro on shared carrier

4.6% 0.4%

HUEs moved to another carrier

1.1% 1.2%


Table 4: Pilot acquisition statistics for suburban model with 24 active HNBs and fixed HNB transmit power
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HUEs unable to acquire HNB pilot

29.1% 6.5% N/A

HUEs unable to acquire HNB or macro pilot

0.0% 0.5% 0.0%

MUEs unable to acquire macro pilot

0.7% 6.7% 0.0%


Table 5: Coverage statistics for suburban model with 24 active HNBs and fixed HNB transmit power

	 
	P=-10dBm
	P=+10dBm 

	MUEs moved to another carrier
	2.7%
	27.3%

	HUEs in HNB outage
	45.1%
	14.0%

	HUEs switched to macro on shared carrier
	44.6%
	11.8%

	HUEs moved to another carrier
	0.5%
	2.2%


Overall, based on Table 2 – Table 5, we see that while -10dBm fixed transmit power may be a good choice in a dense-urban environment due to the small size of the apartments as well as weak macro signal inside the apartments, it will result in very poor HNB coverage in a suburban setting due to larger house sizes and stronger macro signal. On the other hand, while 10dBm fixed transmit power may be a good choice for the suburban environment, it will result in very significant coverage hole for the macro in the dense-urban scenario.  This means the HNB transmit power needs to be calibrated based on the specific deployment scenarios (e.g., dense-urban and suburban) as well as distance from the macro base station. 

5
Calibrated HNB Transmit Power Algorithm

As seen in the previous section 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. In this section, we describe the self-calibrated transmit power algorithm for HNBs. 

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 an Ecp/Io of -18dB for a MUE located 80dB away from HNB (i.e., protect the macro user)

2. To make sure that HNB is not causing unnecessary interference to others by enforcing an SIR cap of -5dB for HUE at 80dB away from HNB

In order to apply constraints described above one needs to measure CPICH RSCP and RSSI at the edge of desired HNB coverage. HNB could estimate these quantities by its own measurements of the DL channel. Since the HNB location is different than UE location there will be some error in these measurements. Figure 5 and Figure 6 show CPICH RSCP and RSSI measurement difference for different locations of HNBs in the macro network and UEs located at 80dB path loss from HNB. It is seen from the figures that the signal received at the HNB is weaker compared to the one measured by the UE. This is to be expected since the HNB is indoor. Furthermore, there can be as much as 30dB difference in the measurement made by HNB compared to the measurement by a UE that is 80dB away from the HNB. 
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Figure 5: RSCP measurement difference at HNB and at UE located 80dB away
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Figure 6: RSSI measurement difference at HNB and at UE located 80dB away

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 and 2, and ensures that the value is in the acceptable range (i.e., between Pmin and Pmax). 

6
Coverage Analysis for Calibrated HNB Transmit Power

In this section we analyze performance of UEs with calibrated HNB transmit power algorithm described in previous section. Table 6 to Table 9 show the pilot acquisition and outage statistics for dense-urban and suburban models, respectively, with calibrated HNB transmit power. We compare two cases:

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

ii) Calibrated HNB transmit power with Pmin=0dBm and Pmax=10dBm

Table 6: Pilot acquisition statistics for dense-urban model with 24 active HNBs and calibrated HNB transmit power 


[image: image12.emf]Pmin=0dBm, Pmax=10dBm 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 7: Coverage statistics for dense-urban model with 24 active HNBs and calibrated HNB transmit power 
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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%


Table 8: Pilot acquisition statistics for suburban model with 24 active HNBs and calibrated HNB transmit power 
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HUEs unable to acquire HNB pilot

7.3% 6.2%

HUEs unable to acquire HNB or macro pilot

0.3% 0.7%

MUEs unable to acquire macro pilot

2.7% 3.7%


Table 9: Coverage statistics for suburban model with 24 active HNBs and calibrated HNB transmit power 
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MUEs moved to another carrier

14.3% 18.7%

HUEs in HNB outage

16.8% 15.7%

HUEs switched to macro on shared carrier

14.8% 12.6%

HUEs moved to another carrier

2.0% 3.1%


The HNB transmit power CDFs are also shown in Figure 7 and Figure 8. 
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Figure 7: HNB transmit power CDF for dense-urban scenario
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Figure 8: HNB transmit power CDF for dense-urban scenario

It is seen that in dense-urban model, a significant number of HNBs hit the minimum -10dBm transmit power. Limiting minimum HNB power to 0dBm will result in significant coverage hole for the macro as demonstrated in Table 7. On the other hand, in the suburban model, more than 20% of the HNBs have transmit powers above 10dBm. Limiting the maximum HNB transmit power to 10dBm will reduce the HNB coverage. Based on these results, Pmin=-10dB and Pmax=20dBm are reasonable values for the HNB transmit power range.

7
System Level Simulation Analysis

To analyze the benefits of HNBs, in this section, we run system level simulations and compare the case of deploying HNBs to the case where no HNBs are deployed. 

Through system level simulations we study the performance of HSPA+ DL throughput performance. We assume co-channel performance for all HUEs and MUEs. All UEs have one receive antenna. We assume that the power transmitted for the overhead channels including CPICH pilot is 25% and the transmit power for the pilot is 10%. We assume a Rician channel with Rician factor K=10 and 1.5 Hz Doppler frequency. Macro cells are loaded with HNBs, HUEs and MUEs. There are 10 MUEs per cell, and 96 HNBs out of which 24 are active. Each active HNB has one HUE. We assume a full-buffer traffic model and all active cells are transmitting at full power. HNBs which are not active are only transmitting the overhead. The maximum number of HARQ transmissions is 4. The maximum modulation is 64 QAM. A proportional fair scheduler is implemented for the macro users. Only UEs which are not in outage on the shared channel (as in the previous section) are included in the simulations. However, those users in outage are included in the following CDFs as zero throughput users. In case, the operator has another frequency for macro operation, many of the MUEs, now considered in outage, will be switched to the other frequency and will not be in outage.  

In the following figure, we show the throughput CDFs for two cases. The first case is when HNBs are deployed; there are 24 active HNBs, each with one HUE, per macrocell and there are 10 MUEs per macrocell. The second case, is when there are no HNBs deployed and the 24 UEs (which were previously referred to as HUEs) are served by the MNB instead and thus there are a total of 34 (10+24) MUEs. Figure 9 shows the huge capacity gains achievable from deploying HNBs. This is mainly due to switching the load from the MNB to the HNB. Furthermore, HUEs will often be the only UE per cell and be served at much higher data rates than the MUEs. HUEs with good geometry will be served the peak data rates. 
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Figure 9: All UE Average Throughput, 24 Active HNBs/Cell, 1 Rx Antenna. There are, in total, 34 UEs per macrocell, out of which 24 UEs migrate to MNB in the ‘No HNBs’ case. HNB deployment increases the system capacity significantly.

The following figure is the same as Figure 9 except with zoom in at the lower range. When HNBs are deployed, some of the indoor MUEs become HUEs and get good coverage but some MUEs become in outage due to coverage holes from the HNBs. Overall, Figure 10 shows that these effects cancel each other and HNBs do not introduce overall outage to the system. In the end, about 7% of the UEs are in outage on the shared carrier in both cases. Note that:

· For the ‘No HNB’ case, even if these MUEs are switched to the other carrier, they are still likely to be in outage since MNBs on different carriers are collocated. 

· For the HNB case, many of these MUEs will be switched to the other frequency in a two frequency deployment and will not be in outage. 

The figure also shows the benefit from deploying HNBs, with no HNBs almost all UEs get a throughput less than 400 Kbps. When HNBs are deployed, more than 70% of the UEs get a throughput greater than 400 Kbps. 

In summary, HNB not only improve throughput distribution but also coverage assuming multiple carriers are available.

[image: image19.emf]0 1 2 3 4 5

x 10

5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 All UEs Average Throughput (bps) 

CDF

Co-Channel, Self Calibrated HNB Tx Power

 

 

24 HUEs + 10 MUEs/cell, 1 Rx

34 MUEs/cell, No HNBs, 1 Rx


Figure 10: All UE Average Throughput, 24 Active HNBs/Cell, 1 Rx Antenna (zoom in of Figure 9). Although the outage looks similar in both cases, for the HNB case, most of the users in outage can be switched to other available frequency. 

Through system level simulations, we also studied the voice performance of UMTS Release 99. Since users whose CPICH Ec/No is below -20 dB are classified as in outage (as explained in Section 3) and are not included in these simulations, we observe minimal fraction of users (less than 1%) not being able to sustain an AMR 12.2 voice call.

8
Minimum Performance Tests for Calibrated HNB Transmit Power

As shown in above sections very good performance can be achieved with calibrated HNB transmit power. Thus as part of 3GPP it may be desirable to have some simple test cases as minimum performance test cases for performance analysis to ensure HNB transmit power is properly calibrated as a function of received signal strength from macro network. For this purpose following simple set up is proposed. As shown in Figure 11 this model consists of a single apartment/house in a macrocell, with a HNB and an associated HUE inside the house. A MUE is located 80dB away from the HNB. The location of the house can be at the center of the cell or at the cell edge: path loss from MUE to MNB1 is X1 dB and to MNB2 is Y1 dB. The path loss from the HUE to MNB1 is X2 dB and from the HUE to MNB2 is Y2 dB. The path loss from HNB to MNB1 is X3 dB and to MNB2 is Y3 dB. The path loss from the HNB to the MNBs can be used for HNB transmit power self-calibration.  


[image: image20]
Figure 11: Simple Model for Home-Macro Interference test with the home at the cell-edge
For illustration purposes, we consider the case when the house is at the cell-edge: X1=125 dB, X2=130 dB, Y1=130 dB, Y2=135 dB. We also assume a slight discrepancy between the HUE and HNB measurements; i.e. X3=128 dB and Y3=133 dB. The MUE is served by MNB1 and is not allowed to access the HNB. While this scenario is harsh in terms of femto-macro interference, it is a scenario that can happen in practice. We compare the performance when the HNB transmit power is -10 dBm, + 10 dBm. For this model the self-calibrated HNB transmit power is -8.7 dBm. The Macro Node B is assumed to transmit at 43 dBm. We assume that the HUE is connected to the HNB and the MUE is connected to MNB1. We assume that both UEs are in Cell_DCH state. 

The Release 99 voice performance is shown in Table 10 for two cases: OCNS=0  (each cell only transmitting the required power for its connected UEs) and OCNS=1 (each cell is transmitting at its maximum power). We assume the pilot Ec/Ior is -10 dB. When calculating Ecp/Io for OCNS=0, it is assumed that the other cells are only transmitting overhead and the serving cell is transmitting its maximum power. It is observed that if the HNB transmits at +10 dBm, the MUE performance degrades and becomes in outage. Other system level simulation parameters are the same as in Section 7. By self-calibrating the HNB transmit power, both the MUE and the HUE can acquire their systems, will have good voice performance and maintain the target BLER. It is also observed that with partial loading (OCNS=0), the performance is better for both the HUE and the MUE. 

Table 10: Release 99 Voice Performance for the Simple Model 
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The HSPA+ DL performance is shown for the simple model in Table 11. For full buffer simulations, we assume all cells are transmitting at full power. Other system level simulation parameters are the same as in Section 7. 

Table 11: HSPA+ DL Performance for the Simple Model

	HNB Transmit Power (dBm)
	MUE Throughput (Kbps)
	HUE Throughput (Kbps)

	 -10 dBm Fixed HNB Tx Power
	2367
	1352

	 +10 dBm Fixed HNB Tx Power
	NA (Outage)
	12909

	Self Calibrated HNB Tx Power   

    (-8.7 dBm)
	2203
	1802


We observe that the calibrated HNB transmit power algorithm is successful in maintaining an acceptable performance, around 2 Mbps throughput, for both the HUE and the MUE. The performance of the calibrated algorithm is very close to that of a fixed transmit power of -10 dBm. However, fixing the HNB transmit power to +10 dBm will not work and will result in outage for the MUE. 

This particular model with the above values can be used to test calibration of the HNB DL transmit power. Similar tests for the HNB DL transmit power calibration can be repeated at different locations in the macrocell by varying X1/2/3 and Y1/2/3 values.

9
Discussions and Conclusions

In this contribution, we have studied HNB and macro downlink performance in a co-channel deployment where HUEs and MUEs share the same carrier. We have shown that one value of HNB transmit power does not work in all scenarios and, hence, HNB transmit power needs to be calibrated properly according to the deployment scenario as well as the signal strength of macro and other HNBs to maintain a reasonable coverage for the HNB and an acceptable coverage for the macro. We have proposed a model to test the calibration of HNB DL transmit power at different locations in the macrocell.

We described a method to calibrate HNB transmit power based on RSSI and macro RSCP measurement. Our analysis shows that the calibrated HNB transmit power works well in all scenarios. In addition, we have shown that a HNB transmit power range from -10dBm to 20dBm gives good performance in terms providing good HNB coverage and limiting the macro coverage hole. 
The maximum transmit power for the local area base station and medium range base station classes are specified as 24dBm and 38dBm in TS 25.104 based on MCL of 45dB and 53dB, respectively. This would suggest that a maximum transmit power of 20dBm for HNB base station class could be acceptable. Regarding the minimum value, given that 0dBm is the lowest power that can be signaled to the UE, a minimum power of -10dBm can still be used if the HNB compensates for the difference when interpreting the HUE’s feedback such as CQI reports, RSCP, etc.  

In addition, we have shown that deployment of HNBs results in significant performance gains in terms of improved coverage as well as increased throughput. 
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� The idle cell reselection attempt will be unsuccessful due to restricted association.
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						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		29.1%		6.5%		N/A

				HUEs unable to acquire HNB or macro pilot		0.0%		0.5%		0.0%

				MUEs unable to acquire macro pilot		0.7%		6.7%		0.0%

						P=-10dBm		P=+10dBm

				MUEs in outage		2.7%		27.3%

				HUEs in HNB outage		45.1%		14.0%

				HUEs switched to macro		44.6%		11.8%

				HUEs in HNB and macro outage		0.5%		2.2%
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						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		2.3%		0.3%		N/A

				HUEs unable to acquire HNB or macro pilot		0.2%		0.2%		5.9%

				MUEs unable to acquire macro pilot		7.3%		23.0%		3.0%

						P=-10dBm		P=+10dBm

				MUEs in outage		13.3%		45.3%

				HUEs in HNB outage		5.7%		1.6%

				HUEs switched to macro		4.6%		0.4%

				HUEs in HNB and macro outage		1.1%		1.2%

						Pmin=0dBm, Pmax=10dBm		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%

						Pmin=0dBm, Pmax=10dBm		Pmin=-10dBm, Pmax=20dBm

				MUEs in outage		24.0%		14.3%

				HUEs in HNB outage		2.4%		5.0%

				HUEs switched to macro		1.1%		3.6%

				HUEs in HNB and macro outage		1.3%		1.4%





Sheet2

		





Sheet3

		






_1274551512.xls
Sheet1

		

						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		2.3%		0.3%		N/A

				HUEs unable to acquire HNB or macro pilot		0.2%		0.2%		5.9%

				MUEs unable to acquire macro pilot		7.3%		23.0%		3.0%

						P=-10dBm		P=+10dBm

				MUEs in outage		13.3%		45.3%

				HUEs in HNB outage		5.7%		1.6%

				HUEs switched to macro		4.6%		0.4%

				HUEs in HNB and macro outage		1.1%		1.2%

						Pmin=0dBm, Pmax=10dBm		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%

						Pmin=0dBm, Pmax=10dBm		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%
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						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		29.1%		6.5%		N/A

				HUEs unable to acquire HNB or macro pilot		0.0%		0.5%		0.0%

				MUEs unable to acquire macro pilot		0.7%		6.7%		0.0%

						P=-10dBm		P=+10dBm

				MUEs in outage		2.7%		27.3%

				HUEs in HNB outage		45.1%		14.0%

				HUEs switched to macro		44.6%		11.8%

				HUEs in HNB and macro outage		0.5%		2.2%

						Pmin=0dBm, Pmax=10dBm		Pmin=-10dBm, Pmax=20dBm

				HUEs unable to acquire HNB pilot		7.3%		6.2%

				HUEs unable to acquire HNB or macro pilot		0.3%		0.7%

				MUEs unable to acquire macro pilot		2.7%		3.7%

						Pmin=0dBm, Pmax=10dBm		Pmin=-10dBm, Pmax=20dBm

				MUEs moved to another carrier		14.3%		18.7%

				HUEs in HNB outage		16.8%		15.7%

				HUEs switched to macro on shared carrier		14.8%		12.6%

				HUEs moved to another carrier		2.0%		3.1%
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						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

								Avg Tx Ec/Ior (dB)		-28.12		-26.15		-24.5		-21.2

								FER		0.01		0.01		0.01		0.01

						+10 dBm		Ecp/Io (dB)		-17		-10		-22		-10

								Avg Tx Ec/Ior (dB)		-12.86		-43.41		-11.4		-39.2

								FER		0.02		0.01		0.183		0.01

						Self Calibrated                  ( -8.7 dBm)		Ecp/Io (dB)		-10.5		-10.5		-11.9		-12.2

								Avg Tx Ec/Ior (dB)		-27.77		-27.47		-24		-22.47

								FER		0.01		0.01		0.01		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

								Avg Tx Ec/Ior (dB)		-28.12		-26.15		-24.5		-21.2

								FER		0.01		0.01		0.01		0.01

						+10 dBm		Ecp/Io (dB)		-17		-10		-22		-10

								Avg Tx Ec/Ior (dB)		-12.86		-43.41		-11.4		-39.2

								FER		0.02		0.01		0.183		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-22		-11.7		-28

								Avg Tx Ec/Ior (dB)		-28.12		-6.14		-24.50		-5.87

								FER		0.01		0.40		0.01		0.51

						+10 dBm		Ecp/Io (dB)		-17		-10.6		-22		-12

								Avg Tx Ec/Ior (dB)		-12.86		-27.66		-11.38		-22.56

								FER		0.02		0.01		0.18		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-22		-11.7		-28

								Avg Tx Ec/Ior (dB)		-28.12		-6.14		-24.5		-5.87

								FER		0.01		0.4		0.01		0.51

						+10 dBm		Ecp/Io (dB)		-17		-10.6		-22		-12

								Avg Tx Ec/Ior (dB)		-12.86		-27.66		-11.38		-22.56

								FER		0.02		0.01		0.18		0.01

						Self Calibrated                  ( -8.7 dBm)		Ecp/Io (dB)		-10.5		-21		-11.9		-26.9

								Avg Tx Ec/Ior (dB)		-27.77		-6.66		-24		-5.91

								FER		0.01		0.06		0.01		0.36

						HNB Transmit Power (dBm)		Channel		Performance		MUE		HUE

						-10 dBm Fixed HNB Tx Power		Co-Channel		Avg Tx Ec/Ior (dB)		-47.8		-10.3

										FER		0.01		0.01

						-10 dBm Fixed HNB Tx Power		Adjacent Channel		Avg Tx Ec/Ior (dB)		-49.5		-43.3

										FER		0.01		0.01

						+10 dBm Fixed HNB Tx Power		Co-Channel		Avg Tx Ec/Ior (dB)		-47.8		-10.3

										FER		0.01		0.01

						+10 dBm Fixed HNB Tx Power		Adjacent Channel		Avg Tx Ec/Ior (dB)		-49.5		-43.3

										FER		0.01		0.01

						Self Calibrated HNB Tx Power   (-10 dBm)		Co-Channel		Avg Tx Ec/Ior (dB)		-47.8		-10.3

										FER		0.01		0.01

						Self Calibrated HNB Tx Power   (-10 dBm)		Adjacent Channel		Avg Tx Ec/Ior (dB)		-49.5		-43.3

										FER		0.01		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										HUE1		HUE2		HUE1		HUE2

						-10 dBm		Ecp/Io (dB)		-10		-19.4		-10		-25

								Avg Tx Ec/Ior (dB)		-47.8		-10.3		-42.1		-4.4

								FER		0.010		0.010		0.010		0.024

						+10 dBm		Ecp/Io (dB)		-10		-19.4		-10		-25

								Avg Tx Ec/Ior (dB)		-47.8		-10.3		-42.1		-4.4

								FER		0.010		0.010		0.010		0.024

						Self Calibrated                  ( -10 dBm)		Ecp/Io (dB)		-10		-19.4		-10		-25

								Avg Tx Ec/Ior (dB)		-47.8		-10.3		-42.1		-4.4

								FER		0.010		0.010		0.010		0.024

				Channel		HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										HUE1		HUE2		HUE1		HUE2

				Co-Channel		Self Calibrated                  ( -10 dBm)		Ecp/Io (dB)		-10		-19.4		-10		-25

								Avg Tx Ec/Ior (dB)		-47.8		-10.3		-42.1		-4.4

								FER		0.010		0.010		0.010		0.024

				Adjacent Channel		Self Calibrated                  ( -10 dBm)		Ecp/Io (dB)		-10		-10		-10		-10

								Avg Tx Ec/Ior (dB)		-49.5		-43.3		-43.5		-37.6

								FER		0.01		0.01		0.01		0.01

				HNB Transmit Power (dBm)		Channel		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

				-10 dBm		Co-Channel		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

								FER		0.01		0.01		0.01		0.01

						Adjacent Channel		Ecp/Io (dB)		-10.33		-10		-11.2		-10

								FER		0.01		0.01		0.01		0.01

				+10 dBm		Co-Channel		Ecp/Io (dB)		-17		-10		-22		-10

								FER		0.02		0.01		0.18		0.01

						Adjacent Channel		Ecp/Io (dB)		-10.33		-10		-11.2		-10

								FER		0.01		0.01		0.01		0.01

				Self Calibrated                  ( -8.7 dBm)		Co-Channel		Ecp/Io (dB)		-10.5		-10.5		-11.9		-12.2

								FER		0.01		0.01		0.01		0.01

				Self Calibrated                  ( -10 dBm)		Adjacent Channel		Ecp/Io (dB)		-10.33		-10		-11.2		-10

								FER		0.01		0.01		0.01		0.01

				HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

								MUE		HUE		MUE		HUE

				-10 dBm		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

						Avg Tx Ec/Ior (dB)		-28.12		-26.15		-24.5		-21.2

						FER		0.01		0.01		0.01		0.01

				+10 dBm		Ecp/Io (dB)		-17		-10		-22		-10

						Avg Tx Ec/Ior (dB)		-12.86		-43.41		-11.4		-39.2

						FER		0.02		0.01		0.183		0.01

				Self Calibrated                  ( -8.7 dBm)		Ecp/Io (dB)		-10.5		-10.5		-11.9		-12.2

						Avg Tx Ec/Ior (dB)		-27.77		-27.47		-24		-22.47

						FER		0.01		0.01		0.01		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

								Avg Tx Ec/Ior (dB)		-28.12		-26.15		-24.5		-21.2

								FER		0.01		0.01		0.01		0.01

						+10 dBm		Ecp/Io (dB)		-17		-10		-22		-10

								Avg Tx Ec/Ior (dB)		-12.86		-43.41		-11.4		-39.2

								FER		0.02		0.01		0.183		0.01

						Self Calibrated                  ( -8.7 dBm)		Ecp/Io (dB)		-10.5		-10.5		-11.9		-12.2

								Avg Tx Ec/Ior (dB)		-27.77		-27.47		-24		-22.47

								FER		0.01		0.01		0.01		0.01

						HNB Transmit Power (dBm)		Performance		OCNS=0				OCNS=1

										MUE		HUE		MUE		HUE

						-10 dBm		Ecp/Io (dB)		-10.5		-10.8		-11.7		-12.7

								FER		0.01		0.01		0.01		0.01

						+10 dBm		Ecp/Io (dB)		-17		-10		-22		-10

								FER		0.02		0.01		0.183		0.01

						Self Calibrated                  ( -8.7 dBm)		Ecp/Io (dB)		-10.5		-10.5		-11.9		-12.2

								FER		0.01		0.01		0.01		0.01

																										Connection Outage %		Voice Outage %		Connection + Voice Outage %

																								Macro UEs		14.881		0.003		15.179

																								Home UEs		1.462		0		1.462

																								All UEs		5.882		0.104		5.98

																										Voice Outage %

																								Macro UEs		0.003

																								Home UEs		0

																								All UEs		0.104





Sheet2

		





Sheet3

		






_1274522189.xls
Sheet1

		

						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		2.3%		0.3%		N/A

				HUEs unable to acquire HNB or macro pilot		0.2%		0.2%		5.9%

				MUEs unable to acquire macro pilot		7.3%		23.0%		3.0%

						P=-10dBm		P=+10dBm

				MUEs moved to another carrier		13.3%		45.3%

				HUEs in HNB outage		5.7%		1.6%

				HUEs switched to macro on shared carrier		4.6%		0.4%

				HUEs moved to another carrier		1.1%		1.2%
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						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		2.3%		0.3%		N/A

				HUEs unable to acquire HNB or macro pilot		0.2%		0.2%		4.9%

				MUEs unable to acquire macro pilot		7.3%		23.0%		2.7%

						P=-10dBm		P=+10dBm

				MUEs in outage		13.3%		45.3%

				HUEs in HNB outage		5.7%		1.6%

				HUEs switched to macro		4.6%		0.4%

				HUEs in HNB and macro outage		1.1%		1.2%
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						P=-10dBm		P=+10dBm		No HNBs

				HUEs unable to acquire HNB pilot		29.1%		6.5%		N/A

				HUEs unable to acquire HNB or macro pilot		0.0%		0.5%		0.0%

				MUEs unable to acquire macro pilot		0.7%		6.7%		0.0%

						P=-10dBm		P=+10dBm

				MUEs in outage		2.7%		27.3%

				HUEs in HNB outage		45.1%		14.0%

				HUEs switched to macro		44.6%		11.8%

				HUEs in HNB and macro outage		0.5%		2.2%

						Pmin=0dBm, Pmax=10dBm		Pmin=-10dBm, Pmax=20dBm

				HUEs unable to acquire HNB pilot		7.3%		6.2%

				HUEs unable to acquire HNB or macro pilot		0.3%		0.7%

				MUEs unable to acquire macro pilot		2.7%		3.7%

						Pmin=0dBm, Pmax=10dBm		Pmin=-10dBm, Pmax=20dBm

				MUEs in outage		14.3%		18.7%

				HUEs in HNB outage		16.8%		15.7%

				HUEs switched to macro		14.8%		12.6%

				HUEs in HNB and macro outage		2.0%		3.1%
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