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1 Introduction

3GPP RAN WG4 is currently performing a study on a new base station class called Home NodeB (HNB). The main topics of the study include for example downlink and uplink co-existence within a dense deployment of HNBs (“block of flats scenario”).
In this paper the main simulation assumptions and models for the block of flats scenario are described in detail. These models have been assumed in the Ericsson contributions for RAN4#46.
2 Scenario Description
The simulated block of flats consists of six floors with 25 apartments (5x5) on each floor. Each apartment is of size 10x10 m (100 m2). In addition to indoor areas, the model contains also an outdoor area surrounding the building, see Figure 1.
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Figure 1. Assumed scenario

In order to investigate the dependency on the strength of the macro cell, three different locations are simulated (assuming an average macro cell power of 15 W and P-CPICH power of 33 dBm):
· Location A (“close to macro site, best 10th percentile”). Lmacro = 93 dB, F = 0.1.
P-CPICH RSCPindoor = -60 dBm, RSSIindoor = -50.8 dBm, P-CPICH Ec/I0 = -9.2 dB

· Location B (“middle of macro cell, median”). Lmacro = 106.5 dB, F = 0.5.
P-CPICH RSCPindoor = -73.5 dBm, RSSIindoor = -63.0 dBm, P-CPICH Ec/I0 = -10.5 dB
· Location C (“close to macro cell border, worst 10th percentile). Lmacro = 117 dB, F = 1.2.
P-CPICH RSCPindoor = -84 dBm, RSSIindoor = -71.8 dBm, P-CPICH Ec/I0 = -12.2 dB 

These macro cell locations are based on 3GPP reference case 1 [1]. The simulated path loss distribution, including a 20 dB building penetration loss, is presented in Figure 2.

[image: image2.emf]70 80 90 100 110 120 130 140

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Path Loss to Serving Macro Cell [dB]


Figure 2. Path loss towards the serving macro cell.

The relative position for UE m, served by macro cell n, is given by the value of Fm,n, defined as
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(1)
The distributions of the simulated F values for the three locations are presented in Figure 3. The selected F values are approximately equal to the simulated median for each location.
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Figure 3. Distribution of F values for the three different path loss values.

3 Models
3.1 Home NodeB Deployment and Activity
The simulations assume two different HNB deployment probabilities, 33% and 100%. HNB deployment probability gives the probability that a certain apartment has a HNB during the simulation snap shot. HNBs are then placed in random positions within the selected apartments.

Furthermore, the downlink simulations assume three HSPA utilization levels: 10, 50 and 100%, while uplink simulations are run for HSPA utilization equal to {10, 20, …, 100%}. HSPA utilization gives the probability that a certain HNB is scheduling a HSPA user during the simulation snap shot. For downlink simulations, the active HNBs are assumed to be transmitting with maximum power (PHNBmax), while the rest are transmitting only the common control channels (20% of PHNBmax).
For 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 HSPA user at the same time.

3.2 Propagation Models

The path loss between an UE located inside the building and a HNB is calculated as:
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(2)

where p is the number of heavier walls (walls separating the apartments) between the transmitter and the receiver and Lw is the additional loss introduced by one such wall, assumed to be equal to 5 dB. When calculating the 3-dimensional distance (d3D) between the UE and the HNB, an assumption is made that the height of each floor is 4 m. Finally, the value for Lf is assumed to be equal to 18.3 dB. A log-normal fading value is also added, assuming a standard deviation equal to 10 dB and including some amount of correlation (0.5) between the different HNBs. Finally, a check is made that the obtained path loss is not smaller than the corresponding free space loss.
In order to better visualize the indoor path loss values generated by the assumed model, Figure 4 and Figure 5 can be obtained. To start with, Figure 4 presents the resulting indoor path loss as a function of distance, assuming a single apartment (p = 0) and a single floor (n = 0). The different curves correspond to different percentiles of the path loss distribution.
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Figure 4. Assumed indoor path loss as a function of distance.
Figure 5 presents the resulting path loss distribution within a certain range from the HNB, assuming a single apartment and single floor. The different curves represent the different percentiles of the path losses, assuming a uniform distribution of mobiles. For example a point on the 95% curve with a range equal to x means that 5% of all mobiles with a distance less than the x meters to the serving HNB experience a path loss that is larger than the indicated value.
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Figure 5. Assumed indoor path loss (area) distribution as a function of range.

Distribution of the simulated path loss values between an indoor UE and a serving HNB (located in the same apartment) is shown in Figure 6.
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Figure 6. Distribution of the simulated indoor path loss values.

In order to obtain a picture of the inter-HNB interference, the distribution of the simulated HUE geometry values is shown in Figure 7. There, an adjacent channel deployment (ACIR = 33 dB), ‘location B’ and PHNBmax equal to 10 dBm has been assumed.
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Figure 7. Distribution of geometry values.
The path loss between an UE outside the building and a HNB is based on both the line-of-sight and non-line-of-sight building penetration models presented in [2]. Hence, the path loss via a line-of-sight outer wall is calculated as
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(3)
And the path loss via a non-line-of-sight outer wall is calculated as
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(4)
In (3) We and WGe are assumed to be equal to 7 and 20 dB, respectively. Furthermore, in (4) Lref is the path loss for the reference point outside the building, calculated using the microcell model in [3], and We+Wge is assumed to be equal to 12 dB.

Both the UE and HNB antenna gains are assumed to be equal to 0 dBi. Furthermore, the path losses are not limited to any specific MCL, but the distance between the UE and HNB is assumed to always be equal or greater than 1 m.
3.3 Downlink Modelling
The average P-CPICH Ec/I0 for a macro cell user is calculated as
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(5)
where H is the number of (deployed) HNBs within the assumed building, and ah is equal to 0.2 and 1 for idle and active HNBs, respectively. Furthermore, LH,h is the path loss between macro UE i and HNB h.
The HS-DSCH CIR for a macro user is calculated as
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(6)
where is has been assumed that serving MNB is transmitting with PMNBmax, while the other MNBs are transmitting with an average power of 15W. Furthermore, HS-DSCH is allocated 65% of the PMNBmax, while P-CPICH is allocated 10% of PMNBmax. Finally, the downlink non-orthogonality factor ( is assumed to be equal to 0.4.
The P-CPICH Ec/I0 for a home user is calculated as
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(7)
Where LH,h is the path loss between home UE and HNB h. Furthermore, ah is assumed to be equal to 1 for the serving HNB. The UE noise figure is assumed to be equal to 9 dB.
The HS-DSCH CIR for a HUE i served by HNB k is calculated as
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(8)
where it has been assumed that HS-DSCH is allocated 75% of PHNBmax, and that the downlink is fully orthogonal (( = 0).
One of the fundamental assumptions in these simulations is that all deployed HNBs have the same maximum output power, i.e. PHNBmax,h = PHNBmax ( h. If a HNB would have a PHNBmax larger than the neighboring HNBs, its performance would become better than indicated by the results in this study. Similarly, a HNB with lower PHNBmax compared to neighboring HNBs would achieve a worse performance than suggested by the presented simulation results.

The assumption for downlink ACIR is 0 dB for co-channel scenarios, and 33 dB for adjacent channel scenarios. In general, the downlink ACIR can be calculated as
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(9)
Assuming ACSUE equal to 33 dB [4], the ACIR as a function of ACLRNB can be obtained as shown in Figure 8. Hence, assuming that the ACLRNB is equal or better than the current minimum requirement of 45 dB, the ACIR is clearly limited by ACSUE. This also means that tightening the requirement for ACLRNB will not make the ACIR to be larger than 33 dB.
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Figure 8. Downlink ACIR as a function of NodeB ACLR.
The main downlink parameters are summarized in Table 1.

Table 1. Main downlink parameters.

	Parameter
	Value

	Macro BS power (maximum)
	43 dBm

	Macro BS power (average)
	15 W

	P-CPICH overhead (of max power)
	10%

	Total CCH overhead (of max power)
	20%

	HS-DSCH
	65% (macro cells)
75% (home cells)

	Non-orthogonality factor
	0.4 (macro cells)
0 (home cells)

	UE noise figure
	9 dB


3.4 Uplink Modelling
For uplink, HSUPA is assumed. Here, the HSPA utilization is interpreted as the probability that a home cell has a HSUPA user with data to transmit.

The uplink scheduler is assumed to operate under the limitations defined by maximum Rise-over-Thermal (RoT) threshold and maximum uplink bit rate (or maximum uplink CIR). Hence, when defining the HUE transmission power, the minimum of {the received power required to reach RoT threshold, the received power required to reach the maximum CIR} is selected. Basically, the latter limitation has been introduced as a means to limit the UE Tx powers in order to limit the interference towards neighboring HNBs and overlaying macro cells. The simulations are run with two different Rise-over-Thermal (RoT) thresholds, 6 dB and 10 dB. Furthermore, the maximum CIR is varied between {0, 1, 2, 3, 4, 5, 6} dB.
Iterations are run during each snap shot in order to find a balanced transmit power scenario including all the active HSUPA users within the simulated block of flats. Furthermore, the uplink simulation models assume no soft handover between home cells and co-channel macro cells.
The assumption for uplink ACIR is 0 dB for co-channel scenarios, and 33 dB for adjacent channel scenarios. In general, the uplink ACIR can be calculated as
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Assuming that ACLRUE is equal to 33 dB [4], and considering the current ACS requirement for the NodeB [6], it becomes quite straightforward to understand that also the uplink ACIR is limited by the UE performance, and hence, any improvements in the ACSNB would not improve the overall uplink ACIR.

The main uplink parameters are summarized in Table 2.
Table 2. Main uplink parameters.

	Parameter
	Value

	Maximum UE Tx power
	21 dBm

	Minimum UE Tx power
	-50 dBm

	Node B noise figure
	5 dB (macro NodeB)

19 dB (home NodeB)

	RoT threshold for scheduling
	6 dB, 10 dB

	Maximum CIR for scheduling
	0…6 dB


3.5 Rate Mapping
The mapping between downlink CIR and bit rate follows the equation
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                      (10)

Hence, for CIR less than -14 dB, the bit rate is set to zero. Furthermore, if the P-CPICH quality is found to be insufficient, the bit rate is set to zero. Finally, two upper limits have also been applied, 14 Mbps and 21 Mbps, modeling the limitations caused by the UE categories.
For simplicity, the mapping between uplink CIR and bit rate follows the model in [5]. Hence,
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For example, the maximum CIR limitations equal to {0, 1, 2, 3, 4, 5, 6} dB correspond to bit rates equal to {1.54, 1.81, 2.10, 2.43, 2.78, 3.16, 3.56} Mbps.

4 Conclusions

A summary of the simulation assumptions used for the block of flats scenario in the Ericsson contributions for RAN4#46 has been provided.
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