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1. Introduction
This document studies the co-channel HUE interference to a neighbouring HNB. We run Monte-Carlo simulations to investigate the noise rise statistics of the victim HNB in the environment of an apartment building. 

The interference scenario, illustrated in Figure 1, corresponds to scenario 5 of [1]:
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Figure 1. UL HNB-HNB interference
2. Monte Carlo Simulations

2.1 HNB deployment
The residential model used here is a modern apartment building. The block consists of identical floors of four flats on each floor in a North, South, East, West arrangement as shown in Figure 2. The building has a footprint of approximately 25m x 25m and each floor is assumed to be 3m high.

 
[image: image2]
Figure 2. Floor plan of an apartment building
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

	Concrete 
	15

	Concrete with window 
	10

	Wood 
	7


Table 3. Obstruction loss parameters
The external walls and dividing walls between apartments in a north-south direction are assumed to be made of concrete (concrete with window where appropriate). The remaining dividing walls between apartments are assumed to be heavy internal walls. All internal walls are modelled as light walls. The external apartments doors are assumed to be made of wood and internal doors are assumed open.
The simulation set up is shown in Figure 3. The victim HNB, marked by red V, is located at the door way of the western apartment. we study the UL HNB-HNB interference in 5 cases:

· Aggressor HNB in East, 2 floor separation  (1)
· Aggressor HNB in East, 1 floor separation  (2)
· Aggressor HNB in West, 1 floor separation (3)
· Aggressor HNB in North, living room, same floor (4)
· Aggressor HNB in North, same floor (5)
Aggressor UE can be at any position in the apartment of aggressor NB.

[image: image3.emf]
Figure 3. Agressor/victim HNB locations

2.2 Power control of HUE
The power control for HUE is calculated in Table 1 below. 

	Parameter
	Value
	Unit
	Notation
	Comment

	Frequency
	2025
	MHz
	
	

	Bandwidth
	1.6
	MHz
	B
	

	Thermal Noise Density
	-174
	dBm/Hz
	tnd
	

	Receiver Noise Figure
	8
	dB
	NF
	

	Receiver Noise Density 
	-166
	dBm/Hz
	rnd
	 = tnd +NF

	Receiver Noise Power
	-104.0
	dBm
	rnp
	 =rnd +10*log(B*1e6)

	Loading
	50
	%
	L
	

	Noise Rise due to Loading
	3
	dB
	IM
	 = -10*log(1-L/100)

	HNB Receiver Noise Floor
	-101
	dBm
	Trnp
	= rnp +IM

	HUE Service Rate
	12.2
	kbps
	R
	

	Chip rate
	1.28
	MHz
	W
	

	HUE Processing Gain
	10
	dB
	PG
	

	Required EbNo
	8
	dB
	EbNo
	

	Minimum Required Signal Level for HUE
	-103
	dB
	Pfmin
	= Trnp – PG +EbNo

	HUE Path loss to HNB
	
	dB
	PL_Shdw
	

	HUE Tx Power 
	
	dBm
	Phue
	= min(21, max ((Pfmin + PL_Shdw), -50)


Table 1. Power control of  HUE (UL link budget)
By Table 1 we get the HUE power control formula:

Phue = min(21, max(-103 + PL_Shdw, -50))                                                                                  (1)

where PL_Shdw is the total path loss from aggressor HUE to the serving (aggressor) HNB, which composes of the path loss and random shadowing.  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. 

We assume the maximum and minimum Tx power of HUE is 21 dBm and -50 dBm, respectively.

In Figure 4 we plot the an example of the path loss and shadowing for aggressor HNB in North apartment, living room. Figure 5 is the total path loss (path loss + shadowing).
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Figure 4. Separate path loss and shadowing of aggressor HNB in north, living room
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Figure 5. Combined path loss and shadowing of aggressor HNB in north, living room
By equation (1) and Figure 5 we can obtain the aggressor HUE transmit power, as shwon in Figure 6.
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Figure 6. An example of the aggressor HUE Tx power (ABS in North, living room)
2.3 Simulation results
By joint detection of TD-SCDMA, we assume the HNB is able to cancel 85% of the interference from an uncooridanted HUE, i.e., 15% residual interference. 

We study the noise rise at victim HNB. The noise rise is defined as



Noise rise = 
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where 
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As an example (one particular run), we plot the total path loss from aggressor HUE to victim HNB in Figure 7. 
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Figure 7. An example of the total path loss (path loss and shadowing) to VBS

In Figure 8 we plot the noise rise for ABS in North, living room for one particular Monte-Carlo run.
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Figure 8. An example of the noise rise, ABS in North, living room
Finally we run 500 Monte-Carlo runs and obtain the statistics of noise rise at VBS. The complementary cumulative distribution funcitons (CCDFs) of the noise rise from different ABS is depicted in Figure 9.
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(a) full plot
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(b) zoomed plot
Figure 9. CCDFs of noise rise at VBS. (a) full plot  (b) zoomed plot
It can be seen in most cases the noise rise due to UL interference is trivial. Except for the case of ABS in North, living room, the noise rise is less than 0.2 dB with probability 95%, and less than 1 dB with probability 99%. For the case of ABS in North, living room, the HNB-HNB UL interference becomes significant, and 5% of the chance the noise rise is larger than 4 dB. We also found E(noiseRise|noiseRise>4dB)=12 dB, empirically.

Observation: Co-channel HNB-HNB UL interference is only significant  when the aggressor HNB is far away from the victim apartment, and the vicitim HNB is close to the aggressor apartment.

3. Adaptive noise figure
From the study in previous section it can be seen that HNB-HNB UL interference is only signifcant when two apartments are adjacent, i.e., ABS is far away from victim’s apartment and VBS is close to aggressor’s apartment. 

Adaptive noise figure (NF) is an effective mean to mitigate UL interference for such cases. When VBS experiences an noise rise that is large enough to block the uplink connection, it can adjust its NF so that the associated HUE can power up to maintain the connection.

In dealing with HNB-HNB UL interference, we do not want to run into an power “arm race” between aggressor HUE and victim HUE, as shown in Figure 10.
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Figure 10. Dead-lock of HNB-HNB UL interference mitigation

The scheme of Figure 10 is very unlikely to happen because the UL interference for the case of interest (VBS close to aggressor apartment while ABS far away from victim apartment) is not reciprocal. If the interference from AUE to VBS is strong, the reversal interference from VUE to ABS will be weak, and vice-versa

The above optimistic claim are also supported by Monte-Carlo simulations. From section 2.3 it has been found P(noise rise at VBS>4dB) = 5% and the mean noise rise for such case is 12 dB. We study the noise rise statistics at ABS when adaptive NF is applied at the victim (west) apartment. Without loss of generality, the noise rise at VBS are assumed to be the worst case mean value 12 dB.

Figure 11 shows an example of the noise rise at ABS where victim HUE power up by 12 dB, assuming adaptive NF is applied in VBS.
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Figure 11. Noise rise at ABS, adaptive NF (+12 dB) assumed in VBS
We also run 500 Monte-Carlo runs and obtain the CCDF of noise rise at ABS, assuming 12 dB extra NF at VBS. The result is given in Figure 12.
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Figure 12. Noise rise statistics at ABS with VBS NF+12 dB

Clearly the noise rise due to VUE UL interference is insignificant: P(noiseRise> 1dB) = 2% and P(noiseRise > 0.3 dB) = 5%. Note this corresponds to the case of VBS NF increasing by 12 dB, whose probability is about 5%. Therefore the noise rise at ABS greater than 0.3 dB is only about 5%x5%=0.25%.

Observation:   

· It’s very unlikely that the aggressor HUE and victim HUE will run into an power “arm race” (Figure 10) after adaptive NF technique is applied.
· Even if the small probability event happens, the noise rise at both HNBs exhibits a converging behavior due to the non- reciprocal nature of the case of interest. As such the AUE-VUE power “arm race”, if somehow takes place, will stop after a mere couple of iterations. 
· HUE is configured (by HNB) to have a maximum transmit power. This power cap would ensure that if power “arm race” does occur it will stop before reaching the pre-defined interference threshold. This also protects the surrounding Macro layer if it is co-channel deployed as HNBs.
4.
Conclusions
Based on the above study, we can draw the following conclusion:

· The co-channel HNB-HNB UL interference is insignificant in most cases.

· The co-channel HNB-HNB UL interference can be significant if VBS is close to the aggressor apartment and ABS is far away from the vicitm apartment (e.g., VBS in West, door way and ABS in North, living room, same floor).

· Adaptive NF technique is an effective method to tackle HNB-HNB UL interference.

· Human involvement such as HNB/HUE placement can also help alleviate the UL interference.
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