
3GPP TSG-RAN WG4 Meeting #50-bis
R4-091048
Seoul, Korea,  23-27 March, 2009
Source: 
picoChip Designs
Title: 
TDSCDMA HNB interference analysis – macrocell co-channel DL interference to HUE
Agenda Item:
8.3
Document for:
Discussion
1. Introduction
This paper studies the TDSCDMA co-channel DL interference from a macro NB to an HUE. The interference scenario, illustrated in Figure 1, corresponds to scenario 4 of [1]. Two approaches are used in the current investigation:

1. Link budget analysis 
2. Monte-Carlo simulation in the environment of a semi-detached house.
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Figure 1. Illustration of scenario 4

2. Link Budget
For link budget analysis we make the following assumptions: 

· For an HUE to maintain a voice call, the PCCPCH Ec/No must be at least -5 dB
.

· HUE locates indoor by a window with direct line of sight (LOS) to a macro BS. 

· Path loss is assumed to be P.1238 model for indoor environment and P.1411 for outdoor environment

· For both macroNB and HNB, y% of the total Tx power is assumed to be allocated to PCCPCH. As such the exact value of y will not affect the analysis and will be omitted afterwards. 

The NodeB related parameter assumptions are given in Table 1.

	Parameter
	Value
	Unit

	Macro NB max Tx power
	34 
	dBm

	Macro NB antenna gain
	15  
	dB

	Macro NB feeder loss
	2  
	dB

	Macro NB Tx Eirp
	47
	dBm

	HNB max Tx power
	20
	dBm

	HNB antenna gain
	0 
	dB

	HNB feeder loss
	0 
	dB

	HNB Tx Eirp
	20
	dBm


Table1. Macro/Home NodeB parameters

In Table 2 we give the macro NB DL interference to HUE. The distance between macro NB and HUE is assumed to be 30 m, and P.1411 propagation model is used.
	Parameter
	Value
	Unit
	Comments

	Distance (macro NB to HUE)
	30 
	m
	

	Macro NB height
	25 
	m
	

	HUE height
	1.5 
	m
	

	Window loss
	5 
	dB
	

	Pathloss (macro NB to HUE)
	67.1~79.5 
	dB
	ITU P.1411 model, upper/lower bounds, window loss included

	UE antenna gain
	0 
	dB
	

	UE body loss
	0 
	dB
	

	HUE Rx power from macro NB
	-32.5~-20.1 
	dBm
	Upper/lower bounds


Table 2. Macro NodeB interference to HUE
We plot in Figure 2 the HUE Rx power from HNB against different distances, as well as the Rx interference from macro NB 30 meters away. The indoor P.1238 model is assumed to characterize the path loss between HNB and HUE. It can be seen that macro NB imposes a strong interference to HUE, which limits the HNB-HUE distance to be less than 2m or 5m without interrupting a voice call. If HNB operates with a smaller transmit power, the impact will be even more severe.
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Figure 2. Interference of macro NB to HUE
3. Monte Carlo Simulations

3.1 HNB deployment
The residential model used here is a semi-detached building with 2 floors, as shown in Figure 3. The semi detached building has two floors and a footprint of approximately 8.8m x 14.5m for both homes. Each floor is assumed to be 3m high. The HUE is assumed to be allowed to take up any position within its own home.In this scenario only one house, i.e. one side of the semi, has been studied in detail.
[image: image3.emf]
Figure 3. Floor plan of a semi-detached house
The penatration loss parameters of the obstructions in the houses are listed in Table 3.

	Obstruction 
	Loss (dB)

	Heavy Internal Wall 
	8

	Light Internal Wall 
	7

	Floor 
	19

	Brick 
	12

	Brick with window 
	8

	Wood 
	7


Table 3. Obstruction loss parameters
The external walls have been modelled as brick or brick with window where appropriate. The dividing wall between the two houses has been assumed to be a heavy internal wall and all other internal walls are assumed to be light. The external doors are made of wood and all doors inside the building are assumed to be open. The stairs are modelled as a heavy internal wall on the ground floor in order to simulate the obstacle they would present to radio signals and there is a void between the first and second floor to simulate the stairwell. Finally the conservatory has been modelled as all glass.
In the current study we assume HNB locates at the hallway on the lower floor. Two alternative locations for the interfering macrocell BS are considered – one directly to the South and one to the Northwest, as shown in Figure 4.  This allows for path loss predictions to be made in two extreme cases.  The first, macro to the South, models the case where the building penetration loss is small for much of the HNB environment due to the large windows on the front of the property.  The second, macro to the Northwest, models the case where the property is largely shielded by exterior walls, with the notable exception of the conservatory.
We assume the HUE can roam arbitrarily in the house. Four macro-HNB distances are studied in this section: 30m, 60m, 120m and 200m.

The macro interference to HUE is discussed in 4 cases:

· Case 1: HUE in the 1st floor and macro NB to the south

· Case 2: HUE in the 1st floor and macro NB to the north west.

· Case 3: HUE in the 2nd  floor and macro NB to the south

· Case 4: HUE in the 2nd  floor and macro NB to the north west.
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Figure 4. HNB and macro BS locations

3.2 Path loss and shadowing
The outdoor path loss data corresponds to Cost231-Hata extended model and is generated by Ibwave’s RF-vu. The indoor path loss data is also obtained from RF-vu based on Cost231 multi-wall model. Shadowing is assumed to be correlated with correlation distance 14 m and standard deviation 8 dB. Path loss will not change from run to run, while shadowing is independent and randomly generated for each Monte-Carlo run. 

In Figure 5 we plot an example of the path loss and shadowing of  HNB in the lower floor, and Figure 6 is the total path loss (path loss + shadowing).
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Figure 5. Separate path loss and shadowing of HNB, down floor
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Figure 6. Combined path loss and shadowing of HNB, down floor
3.3 Simulation results
For Monte-Carlo simulations the Tx parameters used are the same as those of Table 1.

We use DL deadzone area ratio as the evaluation metric, whose definition is 
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where 
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We plot two examples of the deadzone area ratio in Figure 7-(a), (b), where the HUE is located on the upper floor and macro NB is 60m to the northwest. The blue region corresponds to the deadzone area for HUE.
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(a) Deadzone ratio=30.9%                                     (b) Deadzone ratio=41.8%
Figure 7. Examples of DL deadzone with HUE on upper floor, macro NB in northwest

We plot another two examples of the deadzone area ratio in Figure 8-(a), (b), where HUE is located on the lower floor and macro NB is 60m to the south. 
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(a) Deadzone ratio=16.9%                                     (b) Deadzone ratio=22.0%
Figure 8. Examples of DL deadzone with HUE on lower floor, macro NB in south

To get statistical data on the DL deadzone, we run 3000 Monte-Carlo runs and obtain the empirical CCDFs, or exceeding probability, of the deadzone area ratio (e.g., CCDF(15%)=Pr(deadzone ratio>15%)). We set the distance between HNB and macro NB to be 30m, 60m, 120m and 200m. The CCDF curves for the 4 study cases are plot in Figure 9~12:
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Figure 9. CCDF of dead zone ratio on lower floor, macro NB in South
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Figure 10. CCDF of dead zone ratio on upper floor, macro NB in South
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Figure 11. CCDF of dead zone ratio on lower floor, macro NB in Northwest
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Figure 12. CCDF of dead zone ratio on upper floor, macro NB in Northwest
The 95-percentile of the dead zone ratios, i.e., Pr(dead zone ratio<y%) = 0.95 for the 4 cases are summarized in Table 4.

	
	1st floor MNB to south
	2ndfloor MNB to NW
	1st floor MNB to south
	2nd floor MNB to NW

	30 m
	<52.3%
	<87.5%
	<42.8%
	<63.1%

	60 m
	<21.4%
	<65.1%
	<29.5%
	<46.4%

	120 m
	<6.1%
	<30.2%
	<15.3%
	<28.1%

	200 m
	<3.5%
	<14.0%
	<12.4%
	<18.4%


          Table 4.  Dead zone ratio of 95-percentile
4.
Conclusion
Based on the above study, it can be seen that in certain co-channel deployment scenarios a nearby macro NB can impose a high level of interference, resulting in DL deadzone areas for the HUE. Even if the macro NB is as far as 200 meters away, the DL deadzone ratio on an upper floor may still reach 15%~20%, with probability 0.05 (95-percentile).
This situation highlights the need for a Network Monitor Mode, or “sniffer”, in the HNB to allow it to scan the surrounding RF environment.  The HNB can then self-configure to select the best available RF channel and provide improved coverage.
5. 
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� This parameter has not been agreed upon by CCSA WG8. There could be a deviation up to 2dB from the final value. Such deviation, however, will 


only slightly affect the simulation results and will not change the conclusions. Once the value reached a consensus at WG8, we will plug in the 


parameter and re-run simulations.
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