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1
Introduction

In this contribution, we focus our attention on the co-channel HetNet deployment in which Low Power Nodes (LPN) using the same carrier frequency as the Macro cell. The major problem in co-channel HetNet deployment is DL-UL imbalance caused by the transmit power difference between LPN and the high power Macro nodes. As the serving cell selection is mainly based on the downlink (DL) received signal strength, transmit power of each cell largely determines the coverage area of the cell. Normally, a high transmit power nodes cover larger area than the low transmit power nodes. However, from the Uplink (UL) perspective, the strength of the signal being received at each node does not rely on the DL transmit power of each node. Consequently, introduction of the low power nodes could potential cause large DL-UL imbalance in the sense that, in UL, cells other than the serving cell could receive much stronger signal from the UE than the serving cell. Figure 1 illustrates the potential problem of DL-UL imbalance, i.e. large distance between the UL and DL boundary. 
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Figure 1 Heterogeneous Network UL Imbalance Scenario

With DL-UL imbalance caused by the transmit power difference, LPN co-channel deployment could cause UL interference management problem. UL interference issue can happen in both directions. LPN UEs can cause excessive UL interference to the neighbouring Macro. This problem mainly arises from the uneven loading. LPN may serve a much smaller number of UEs compared to the Macro; as a result, each UE served by the LPN may transmit at higher rate/power and cause large interference to the neighbouring Macro. Interference in the other direction could be more damaging, i.e. Macro UEs can cause excessive interference to the neighbouring LPN. Due to the DL-UL imbalance, UEs being served by the Macro cell while do not have the victim LPN in the active set could still have a better UL to the LPN than to the serving cell, due to the lack of SHO, the LPNs could not power control the UE or limits the UE rate by E-RGCH. Consequently, those LPNs could be the victim of large un-controllable interference from Macro UEs.
As we discussed, DL-UL imbalance is a major issue for HetNet deployment. LPN UL padding could be used to reduce the DL-UL imbalance. LPN UL padding attenuates the total received signal at the LPN which effectively increases the LPN noise figure. As a result, UL boundary is moved closer towards the DL boundary. This helps reduce the DL-UL imbalance. 
However, from the UL throughput performance perspective, LPN UL padding has its major disadvantage, it forces all the UEs served by LPN to transmit at higher power, as a result, inject more interference into the system. From UL performance (throughput) perspective, the best approach is to apply the least amount of padding per LPN. The padding should be applied just enough to protect the LPN UEs from excessive interference from the neighbouring cells.
Based on the UE population, distribution and loading in the system, different LPN may need different level of padding. In contribution [3], we described and presented simulation results for adaptive LPN UL padding based on the interference level observed in each LPN. In this contribution, we looked at the impact of different value of fixed LPN UL padding on the UL performance under co-channel HetNet deployment.
2
UL Performance with Different Values of Fixed LPN UL Padding

As we discussed in the previous section, even though LPN UL padding could reduce the DL-UL imbalance, it forces LPN UEs to transmit at higher power, potentially causing unnecessary interference to the neighbouring cells. From UL throughput point of view, LPN UL padding should be applied at the minimum value, i.e. just enough to overcome the UL interference from the neighbouring Macro UEs. 

In this section, we provided the UL simulation results for different values of fixed LPN UL padding, under single carrier co-channel HetNet deployment. The system simulation assumptions are summarized in [2]. Below are further clarifications of the simulation assumptions:

· LPN noise figure is assumed to be the same as the noise figure of Macro nodes. 

· Macro transmit power is 43dBm, LPN transmit power is 30dBm.

· 4 LPNs are uniformly dropped per geographic area of each Macro sector. 16 UEs are dropped per geographic area of each Macro sector with 50% Hotspot distribution.

· CIO is 3dB biased toward the LPN

· We consider UL Full Buffer traffic

The transmit power difference between Macro and LPN is 13dB. CIO is chosen to be 3dB biased toward LPN. The remaining DL-UL imbalance is 10dB. In the simulation, we consider different level of LPN UL padding at 0dB, 2dB, 4dB, 6dB and 8dB. Table 1 gives the maximum remaining DL-UL imbalance with different fixed LPN UL padding.  
Table 1 Maximum Remaining DL-UL Imbalance with different LPN UL Padding

	LPN Padding [dB]
	CIO
[dB]
	Maximum Net Remaining DL-UL Imbalance [dB]

	
	
	

	0
	3
	10

	2
	
	8

	4
	
	6

	6
	
	4

	8
	
	2


Table 2 compares the performance of different fixed LPN UL padding using three types of metrics:

· Average UE throughput: it is calculated as the average throughput of all UEs in the system

· 50% UE throughput: it is computed as the median throughput of all UEs in the systems

· 5% UE throughput: it is computed as the throughput of the UEs at 5% tail across all UEs in the system

The gains are presented as percentage throughput increase over the baseline system. The baseline is a system where LPNs are not present in the Macro cell. 
First of all, we observe that even though, among all LPN UL paddings simulated, 8dB padding minimizes the remaining DL-UL imbalance. It does not provide the best UL performance especially the 5% UE throughput. The best UL performance is achieved with fixed padding of 0 or 2dB. 
Table 2 UL Performance in HetNet Co-channel Deployment, Comparing different fixed LPN UL padding
	LPN UL Padding [dB]
	UL Throughput Gain [%]

	
	Mean
	Median
	5%

	Fixed 0dB
	699%
	353%
	160%

	Fixed 2dB
	708%
	237%
	142%

	Fixed 4dB
	655%
	144%
	129%

	Fixed 6dB
	673%
	116%
	91%

	Fixed 8dB
	604%
	65%
	31%


Figure 2 shows the UL throughput CDF among all UEs with different values of fixed LPN UL padding. To better understand the results, Figure 3 shows the UL throughput CDF separately for the UEs served by Macro and the UEs served by LPNs. From Figure 3, it is clear to see that the UEs served by LPNs have higher UL throughput compared to the UEs served by the Macro. The reason is because LPNs are less loaded compared to Macro. As the LPN padding changes, it shifts the fairness between the Macro UEs and LPN UEs. When we increase the LPN padding, under fixed RoT target, it effectively suppress the interference from the Macro UEs to the neighbouring LPNs, which allows the UEs served by the LPNs to transmit at higher power, i.e. higher data rate. On the other side, the higher transmit power of LPN UEs cause larger interference to the Macro. Consequently, UEs served by the Macro experience lower throughput. In summary, higher LPN padding increases the UL throughput of the LPN UEs at the expense of reducing the UL throughput of the Macro UEs. Due to the uneven loading between LPN and Macro, the LPNs serves less number of UEs compare to Macro. Therefore, to achieve the best UL performance, it is desirable to apply small amount of LPN padding while leave considerable DL-UL imbalance in the system. 

In summary, we observe that, in order to maximize the UL performance, leaving medium to large DL-UL imbalance in the system may perform better than leaving small or no DL-UL imbalance. However, as the DL-UL imbalance increase, we may need to find new solutions for enhancing the HS-DPCCH reliability.
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Figure 2 UL Performance for all UEs in HetNet Co-channel Deployment, Comparing different fixed LPN UL padding
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Figure 3 UL Performance for both Macro and LPN UEs in HetNet Co-channel Deployment, Comparing different fixed LPN UL padding
4
Conclusion

In this contribution, we compare the UL performance under different fixed LPN UL padding scheme under single carrier co-channel deployment.

· In HetNet deployment, due to the load difference between LPN and Macro, applying small amount of LPN UL padding while leaving medium to large DL-UL imbalance may achieve better UL performance compare to applying large amount of LPN UL padding.
· With large DL-UL imbalance in HetNet systems, increase the HS-DPCCH power offset may not be efficient or even enough to guarantee its reliability. New solution might be needed for enhancing the HS-DPCCH reliability under large DL-UL imbalance.
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