3GPP TSG-RAN WG4 #44-bis
R4-071618
8 - 12 October 2007
Shanghai, P.R. China
Agenda item:
7.2
Source: 
Qualcomm Europe
Title: 
Home NodeB HSPA Performance Analysis 
Document for:
Discussion
1
Introduction

Interference mitigation is essential for enabling Home NodeB (HNB) deployment. In this contribution we study, through simulations, the performance of HSPA (both HSDPA and HSUPA) in a HNB scenario. We quantify the effect of interference from neighboring HNBs and neighboring Home UEs (HUEs) on the downlink and uplink performance, respectively. We consider both typical density and high density HNB/HUE deployments. This study focuses on inter-HNB interference in absence of macro UEs (MUEs) and macro NodeBs.
2
Scenario and Simulation Assumptions

We consider a building with three floors and 25 apartments per floor similar to the one described in [1]. Each apartment is 10mx10m. We consider two cases: the first is a typical scenario for which the probability that an apartment has a HNB is 0.33 (i.e, p=0.33). The other is a high density deployment where every apartment has a HNB (i.e., p=1). We will refer to the scenarios p=0.33 and p=1 as Scenario A (typical density) and Scenario B (high density), respectively.  We assume HUEs have restricted association with one HUE per HNB. We consider two different propagation models: Model 1 which is the HNB Apartment Building model described in [1].  Model 2 is the propagation model in [2]. 
We ran system level simulations to quantify the performance of HSDPA and HSUPA in the above HNB scenarios. For our simulations, we assume a single-path stationary channel which is a modified Rician channel with K factor of 10 dB and 1.5 Hz Doppler fading scaled by a complex Gaussian random variable which is kept constant throughout the simulation for a given user.  
On the downlink, all UEs are assumed to have dual omni-receive antennas and an equalizer receiver. The HNB has an omni-transmit antenna. The CPICH power ratio and total overhead power (including CPICH) ratio are 10% and 30% of the total transmit power respectively. The maximum number of HARQ transmissions is 4. The maximum modulation is 64 QAM. The number of HS-PDSCH codes is 15 and the maximum OTA coding rate is 0.8 which limits the maximum application layer throughput to approximately 15.5 Mbps.
On the uplink, the HUEs are assumed to transmit full-buffer traffic using 2ms TTI HSUPA. The HUE has an omni-transmit antenna and HNB has dual omni-receive antenna. The maximum number of transmissions is set to 4 and UL power control is enabled. The minimum and maximum transmit powers for the UEs are set to -50dB and 24dBm, respectively. A UL scheduler is assumed at the HNBs which enforces a noise rise threshold of 5dB. In addition, as a minimum grant, it is assumed that a 129-bit packet can be transmitted by the UE even when the noise rise is above the 5dB threshold unless there is a headroom limitation.   
Figure 1 compares the users’ geometries for Model 1 and Model 2 with p=1 and p=0.33, where we imposed a 22 dB cap on the geometry. For Model 1, the lowest tenth percentile of the users has a geometry less than -6.3dB and -12.5dB for Scenario A and Scenario B, respectively. This is due to restricted association where a HUE is not necessarily served by the strongest HNB. The geometry distributions are even lower for Model 2. More specifically, the lowest tenth percentile has a geometry less than -11.2dB and -17.6dB for Scenario A and Scenario B, respectively.
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Figure 1. Geometry Distributions for Model 1 and Model 2
3 Downlink Simulation Results
The following figures show the throughput distribution over 5 independent drops assuming the apartment model described above. Figure 2 and Figure 3 are for the typical Scenario A (typical density) and the denser Scenario B (high density), respectively. A user that receives zero downlink throughput is said to be in outage. 

For HNB Scenario A and the propagation model of [1], Model 1, 4.8% of the users associated with HNBs are in outage. The minimum tenth percentile of the users receives a throughput less than 972 kbps. If we assume the propagation model of [2], Model 2, the percentage of users in outage increases to 7.2% and the minimum tenth percentile of received throughput decreases to 513 kbps.    
For the denser HNB Scenario B, 11.2% of the users are in outage and receive no throughput using Model 1. If we assume Model 2, the percentage of users in outage increased to 23.2%.
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Figure 2: Downlink Throughput Distribution for HNB Scenario A (typical density scenario)
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Figure 3: Downlink Throughput Distribution for HNB Scenario B (high density scenario)
In the following figure, we demonstrate the HSDPA performance degradation due to restricted association in HNBs. From a random drop of a three floor apartment building in Model 1 and Scenario A, we show two adjacent apartments in the middle floor which are of particular interest. The path-loss from HUE 1 to HNB 1 is greater than that to HNB 2. Thus, HUE 1 is in a bad geometry situation (-11.4 dB) due to interference from HNB 2 and the other neighboring HNBs. Because of restricted association, HNB 1 is in outage (receives zero throughput). On the other hand, HUE 2 does not see significant interferers; its geometry is 3.11 dB and it receives a downlink throughput of 5.66 Mbps.
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Figure 4: Example of Downlink Throughput and Geometry for HNB Scenario A and Model 1
4
Uplink Simulation Results

We run HSUPA simulations based on the assumptions described in Section 2 for both Model 1 and Model 2. For each model, we use the same 5 drops that were used in our downlink simulations. 

Figure 5 shows the uplink throughput distributions for Model 1 and Model 2 under Scenario A (p=0.33) and Scenario B (p=1). It is observed that the throughput of the HUEs suffers considerably because of restricted association and inter-HNB interference. For example, with p=0.33, about 30% of the HUEs have throughputs below 50kbps in both Model 1 and Model 2. In addition, since the path loss to the serving HNB can be as low as 38.46dB, in some cases the HUE hits the minimum transmit power level and will not be able to obey the down power control command anymore. This will result in additional interference to neighboring HNBs.  
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Figure 5. Uplink Throughput Distribution for Model 1 and Model 2 under Scenarios A and B

Figure 6 shows the uplink throughputs for the HUEs of the same two apartments as the ones shown in Figure 4.  In Figure 6, we have shown the noise rise level (in dB) beside each HNB and the UE transmit power (in dBm) and the UE throughput (in kbps) as a pair beside each HUE. It is observed from the figure that due to large interference caused by HUE 1 at HNB 2, the noise rise at HNB 2 is high and, hence, HUE 2 has zero throughput. On the other hand, HUE 2 does not cause much interference at HNB 1 (because they’re far apart).  Hence, HUE 1 has a throughput of 1333 kbps. 
Based on Figures 4 and 6, it is important to note that while HUE 1 has a good uplink, its downlink is poor. The opposite is true for HUE 2. 
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Figure 6. Example of Uplink Throughput, Transmit Power and Noise Rise 

(for the same apartments as in Figure 4) 

Based on Figure 5, it is clear that interference mitigation schemes are needed to improve the performance of HUEs on the uplink even in the absence of macro UEs. For example, the uplink throughput of the HUEs can be improved by increasing the noise rise threshold at the HNB scheduler and/or by adding attenuation (padding) at the HNB. To demonstrate the effectiveness of these methods, we consider the following four cases:

(i) No padding, Noise Rise Threshold of 5dB (NRT=5dB), minimum grant of129 bits (min AG=129)

(ii) No padding, NRT=30dB, min AG=2020 bits

(iii) 30dB padding, NRT=5dB, min AG=129 bits

(iv) 30dB padding, NRT=10dB, min AG=129 bits
Case (i) is the default case without modifying the HNB scheduler and without padding (same as Figure 5). Case (ii) does not add any padding but raises the noise rise limit at the scheduler to 30dB and the minimum grant to 2020 bits. Case (iii) adds 30dB padding at HNB but uses the default scheduler. Case (iv) adds 30dB padding and raises the noise rise limit to 10dB. Figure 7 and Figure 8 show the HUE throughput distributions for the four cases listed above under Scenario A (p=0.33) and Scenario B (p=1), respectively, for Model 1.  
In the default case, the inter-HNB interference results in significant throughput outage for HUEs. In addition, some of the HUEs hit the minimum transmit power limit and hence will not be able to obey the down power control command. Therefore, they achieve rates higher than their target rates and in doing so cause additional interference which contributes further to the throughput outage.  
In Case (ii), by increasing the NRT and minimum grant, those HUEs that were in outage can now overcome the interference from their neighboring HUEs and as a result their throughputs improve. However, there are still users who hit the minimum transmit power limit. Therefore, they achieve rates higher than their target rates and cause additional interference.
In Case (iii), the 30dB padding at the HNB translates to a larger effective path loss between HUEs and HNBs. As a result, the HUEs do not hit the minimum transmit power limit and hence are able to obey the power control commands and maintain their target rates. Therefore, they do not cause unnecessary interference to other HUEs. This results in a reduction in the throughput outage probability. However, there are still some HUEs that have zero throughput due to restricted association and interference from other HUEs.
Finally, in Case (iv), the 30dB padding prevents the HUEs from hitting the minimum transmit power limit. Therefore, the HUEs are able to obey the power control commands and maintain their target rates. In addition, the increase in the noise rise limit at the scheduler allows some of the HUEs to overcome the interference from the neighboring HUEs. Therefore, the throughput outage probability reduces compared to Case (iii). 
Comparing the throughput distribution of Case (i) with the other cases, it is clear that interference mitigation schemes such as increasing the noise rise threshold at the HNB scheduler and introducing padding at the HNB can result in significant improvement in the uplink performance. While here we have shown the results for Model 1 only, the trends are similar for Model 2.

[image: image7.emf] 

0 500 1000 1500 2000 2500 3000 3500 4000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Throughput (kbps)

CDF

HUE Throughput Distribution for Model 1 under Scenario A

 

 

0dB padding, NRT=5dB, min grant=129 bits

0dB padding, NRT=30dB, min grant=2020 bits

30dB padding, NRT=5dB, min grant=129 bits

30dB padding, NRT=10dB, min grant=129 bits

Figure 7. HUE Throughput Distribution for Model 1 under Scenario A (p=0.33)
[image: image8.emf]0 500 1000 1500 2000 2500 3000 3500 4000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Throughput (kbps)

CDF

HUE Throughput Distribution for Model 1 under Scenario B

 

 

0dB padding, NRT=5dB, min grant=129 bits

0dB padding, NRT=30dB, min grant=2020 bits

30dB padding, NRT=5dB, min grant=129 bits

30dB padding, NRT=10dB, min grant=129 bits

 Figure 8. HUE Throughput Distribution for Model 1 under Scenario B (p=1)
5 Conclusions

This contribution shows that both the downlink and uplink performance of HUEs is severely impacted by the interference from neighboring HNBs/HUEs even in the absence of macro UEs and macro NodeBs. This is due to restricted association in which a HUE is not necessarily served by the strongest HNB. Therefore, appropriate radio resource management techniques are needed to mitigate inter-HNB interference and improve the throughput performance of HUEs. We have shown that interference mitigation schemes can significantly reduce the HUE throughput outage. Further studies are required to develop robust interference mitigation solutions.  
6
References

[1] R4-071617, “HNB and HNB-Macro Propagation Models”, Qualcomm Europe, RAN4 #44b
[2] “System simulation assumptions for Home NodeB interference scenarios”, Ericsson, presented in the conference call on September 26, 2007.
1/8

