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1
Introduction

In this contribution, we study the HNB and macro uplink throughput performance in a co-channel deployment where HUEs and MUEs share the same carrier. We first show that depending on the particular scenario, we need to add different amount of attenuation at the HNB to achieve good HUE uplink performance and minimize the impact on the macro uplink. This argues for adaptive attenuation at the HNB. We then show uplink simulation results under a dense-urban scenario to compare the HNB and macro uplink performance with fixed and adaptive uplink attenuation. In addition, we demonstrate the benefits of deploying HNBs in terms of improvements in the overall uplink throughput. Simple models are proposed that can be used as test cases for uplink interference mitigation.  
We propose the text of this contribution to be inserted in TR 25.9xx.

2
Adaptive UL Attenuation at HNB

Since the minimum coupling loss between a UE and HNB can be as low as 30dB to the HNB, the UE can cause very high noise rise level at the HNB. This high level of noise rise is not desired since it can cause unstable system operation. For example, if a MUE with bursty UL traffic is in the vicinity of HNB, it can create large variations in the UL SIR of HUEs connected to same HNB. One solution for this would be to use a large noise figure value (or attenuation) at the HNB.  However as a result of high noise figure, HUE transmit power values will increase even when there is no interfering MUEs and this will result in unnecessary UL interference to macrocells. This is particularly important if the HNB happens to be close to macrocell. Thus instead of simply increasing noise figure to a constant level, it is more desirable to adjust HNB UL attenuation adaptively only when needed.

Furthermore, significant UL interference issues can arise when there are HNBs in neighboring apartments with closed-subscriber group (i.e., restricted association). For example, consider the scenario shown in Figure 1 where HUE2 has a smaller path loss to HNB1 compared to HNB2 (i.e., Y<X). Since HUE2 is associated with HNB2, it will cause significant noise rise at HNB1. A fixed attenuation at the HNBs will not solve the UL interference problem in this case. Instead, both HUEs end up transmitting at higher levels. To solve the UL interference problem in this case, we need to increase the UL attenuation only at HNB1. Again instead of simply increasing noise figure to a constant level, it is desirable to adjust HNB UL attenuation adaptively only when needed.
The attenuation at the HNB can be adapted based on the intra-cell and inter-cell signal strength measured at the HNB. For example, if the out of cell interference is too high, attenuation can be added at the HNB to make the interference comparable to the thermal noise level. This will allow for the HUE to be power controlled up to overcome the interference. 
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Figure 1: Model 1: Two neighboring HNBs

3
Scenario and Simulation Assumptions
We consider the dense-urban model described in [1]. 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. We drop 2000 apartment units in each macro 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. The probability that a HUE is in the balcony is assumed to be 10%.  

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).
We assume a Rician channel with K factor of 10 dB and 1.5 Hz Doppler fading. The MUEs and HUEs are assumed to transmit full-buffer traffic using 2ms TTI HSUPA. The maximum number of transmissions is set to 4. Power control is enabled for both MUEs and HUEs. The maximum transmit power for the UEs is set to 24dBm and the minimum transmit power is set to -50dBm.
Single-frequency co-channel deployment is considered. For the uplink simulations, we only keep those UEs that are not in outage on the downlink (see [1] for more details).
A NF of 5dB and Noise Rise Threshold (NRT) of 5dB are assumed for MNBs. For HNBs, three cases are considered:

a) Baseline 1: HNB NF=5dB and HNB NRT=5dB 

b) Baseline 2: HNB NF=20dB and HNB NRT=10dB

c) Enhanced: Adaptive attenuation at HNB (max attenuation=40dB) and HNB NRT=6dB

In Baseline 1, the NF setting at HNB is similar to MNB. In Baseline 2, a fixed NF of 20dB is assumed at the HNB. This is similar to the 19dB NF used in local area base station class specified in TS25.104. The Enhanced case uses adaptive attenuation (or noise figure) which means additional attenuation is added only when needed depending on out-of-cell and in-cell signal strength.
4
System Simulation Results

We run uplink simulations for the scenario described in the previous section.  Figure 2 and Figure 3 show the HUE and MUE uplink throughput CDFs for Baseline 1, Baseline 2 and Enhanced cases. The HUE and MUE transmit power distributions are shown in Figure 4 and Figure 5.
It is seen from Figure 2 that the HUE Baseline 1 uplink throughput performance is very poor due to intra-HNB, inter-HNB and Macro-to-HNB interference. Adding 15dB fixed attenuation at HNBs (i.e., Baseline 2) improves the HUE performance significantly but there are still some HUEs that have poor uplink throughput. This is because 15dB fixed attenuation does not solve inter-HNB interference problem as discussed in Section 2. In addition, in some cases, more than 15dB attenuation is needed to overcome Macro-to-HNB interference. With fixed uplink attenuation (i.e., Baseline 2), the HUE transmit powers are higher compared to adaptive attenuation. As seen in Figure 2, adaptive UL attenuation completely eliminates HUE throughput outage and achieves good throughput performance. It is also seen from Figure 3 that the MUE uplink performance is not impacted by adding attenuation at HNBs.  It should be noted that the UEs that are in DL outage are not included in the uplink simulations (see [1] for more details). 
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Figure 2: HUE uplink throughput distribution
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Figure 3: MUE uplink throughput distribution
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Figure 4: HUE transmit power distribution

[image: image4.emf]-50 -40 -30 -20 -10 0 10 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MUE Tx Power [dBm]

CDF

10 MUEs + 24 MUEs per macro cell

 

 

Baseline 1

Baseline 2

Enhanced


Figure 5: MUE transmit power distribution

Figure 6 shows 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. When there are HNBs, adaptive attenuation is used at the HNBs.  The UEs that are in outage are included in these CDFs and are assigned zero throughput. As seen in the figure, deploying HNBs results in a significant improvement in the overall system throughput. Firstly, the UEs that use HNBs achieve much higher uplink throughputs compared to before. Secondly, the uplink throughputs of the MUEs also improve since some of the users are offloaded to HNBs.  
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Figure 6. UE uplink throughput distributions. 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.
5
Simple Interference Models

In this section, we show the uplink performance for Baseline 1, Baseline 2 and Enhanced cases for three simple models.

5.1. Model 1

This model consists of two adjacent apartments. There is one HNB and a corresponding HUE in each apartment, as shown in Figure 7. 


[image: image6]
Figure 7. Model 1: Simple Model for HNB-HNB Interference Scenarios

5.2. Model 2

This model consists of a single house at the edge of the macro cell coverage with a HNB and an associated HUE inside the house. A Macro UE (MUE) is located 80dB away from the HNB as shown in Figure 8. The MUE is served by MNB1 and is not allowed to access the HNB. 

[image: image7]
Figure 8. Model 2: Simple Model for HNB-Macro Interference Scenario

5.3. Model 3

This model consists of a single house at the edge of the macro cell coverage with a HNB inside and an associated HUE outside the house (e.g. in the yard or balcony). Similar to Model 2, a MUE is located 80dB away from the HNB as shown in Figure 9. The MUE is served by MNB1 and is not allowed to access the HNB. 

[image: image8]
Figure 9. Model 3: Simple Model for HNB-Macro Interference Scenario

5.4 Uplink Simulation Results

For each of the three modes, uplink simulations are run for Baseline1, Baseline 2, and Enhanced cases as described in Section 3.
5.4.1 Model 1

The average throughputs and transmit powers for HUE1 and HUE2 in Model 1 are given in Table 1 for Baseline1, Baseline 2, and Enhanced cases. The average noise rise levels at the corresponding HNBs are also shown. The assumption here is that HUE2 already acquired the system when it was close to HNB2 and it then moved to the current location. 
Table 1 Uplink Performance for Model 1
	
	RoT Threshold
	UL Attenuation/ Noise Figure
	Performance
	HUE1
	HUE2

	Baseline1
	5dB
	5dB
	Throughput [kbps]
	25
	1319

	
	
	
	Avg RoT [dB]
	10.4
	1.1

	
	
	
	Avg Tx Pwr [dBm]
	-49.9
	-33.0

	Baseline2
	10 dB
	20dB
	Throughput [kbps]
	293
	1320

	
	
	
	Avg RoT [dB]
	10.6
	1.1

	
	
	
	Avg Tx Pwr [dBm]
	-29.4
	-18.0

	Enhanced
	5dB
	Adaptive
	Throughput [kbps]
	1338
	1317

	
	
	
	Avg RoT [dB]
	3.9
	1.2

	
	
	
	Avg Tx Pwr [dBm]
	-34.5
	-33.0


It is clear from the table that the uplink performance of HUE1 is poor in Baseline 1 and Baseline 2 due to the interference caused by HUE2 at HNB1. It should be noted that adding a constant 15dB noise figure at the HNBs does not mitigate the inter-HNB interference since this simply results in approximately 15dB higher transmit powers for both UEs. The performance of HUE1 is improved when adaptive attenuation is used.

5.4.2 Model 2

The average throughputs and transmit powers for the HUE and MUE in Model 2 are given in Table 2 for Baseline1, Baseline 2, and Enhanced cases. The average noise rise levels at the HNB and MNB1 are also shown. 

It is clear from Table 2 that the uplink performance of the HUE is poor in Baseline 1 and Baseline 2 due to the interference from the MUE. This means that 20dB noise figure at the HNB is not enough in this case to overcome the interference caused by the MUE. With adaptive attenuation, the HUE uplink performance is improved by further increasing the attenuation at the HNB.
Table 2 Uplink Performance for Model 2
	
	RoT Threshold
	UL Attenuation/ Noise Figure
	Performance
	Femto
	Macro

	Baseline1
	5dB
	5dB
	Throughput [kbps]
	20
	1321

	
	
	
	Avg RoT [dB]
	40.2
	1.1

	
	
	
	Avg Tx Pwr [dBm]
	-5.8
	17.2

	Baseline2
	10 dB
	20dB
	Throughput [kbps]
	20
	1321

	
	
	
	Avg RoT [dB]
	25.2
	1.1

	
	
	
	Avg Tx Pwr [dBm]
	-5.8
	17.2

	Enhanced
	5 dB
	adaptive
	Throughput [kbps]
	1262
	1333

	
	
	
	Avg RoT [dB]
	4.4
	1.3

	
	
	
	Avg Tx Pwr [dBm]
	9.5
	17.3


5.4.3 Model 3

The average throughputs and transmit powers for the HUE and MUE in Model 3 are given in Table 3 for Baseline1, Baseline 2, and Enhanced cases. The average noise rise levels at the HNB and MNB1 are also shown. 

It is clear from Table 3 that in the co-channel case, the uplink performance of the HUE is poor in Baseline 1 and Baseline 2 due to the interference from the MUE. This means that 20dB noise figure at the HNB is not enough in this case to overcome the interference caused by the MUE. With adaptive attenuation, the HUE uplink performance is improved by further increasing the attenuation at the HNB. The increased HUE transmit power results in a higher noise rise at the MNB. 

Table 3 Uplink Performance for Model 3
	
	RoT Threshold
	UL Attenuation/ Noise Figure
	Performance
	Femto
	Macro

	Baseline1
	5dB
	5dB
	Throughput [kbps]
	20
	1332

	
	
	
	Avg RoT [dB]
	40.4
	1.4

	
	
	
	Avg Tx Pwr [dBm]
	-1.0
	17.4

	Baseline2
	10dB
	20dB
	Throughput [kbps]
	20
	1306

	
	
	
	Avg RoT [dB]
	25.3
	1.3

	
	
	
	Avg Tx Pwr [dBm]
	-0.7
	17.2

	Enhanced
	5dB
	adaptive
	Throughput [kbps]
	914
	1027

	
	
	
	Avg RoT [dB]
	5.1
	5.0

	
	
	
	Avg Tx Pwr [dBm]
	14.2
	19.4


6 

Discussions and Conclusions

In this contribution, we have studied HNB-macro interactions on the uplink for a co-channel deployment. We have shown that adaptive attenuation is needed at the HNBs to mitigate intra-HNB, inter-HNB and Macro-HNB interference. We have demonstrated through simulations that adaptive attenuation at the HNBs gives very good uplink performance for HUEs without any noticeable impact on the MUE uplink. 
In addition, we have demonstrated that deploying HNBs results in significant improvements in the uplink system capacity. 

We have also shown the uplink performance for three simple models and have demonstrated that adaptive attenuation at HNBs is needed to mitigate uplink interference. These models can be used as test cases for uplink interference mitigation. 
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