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1
Introduction

In this contribution, we provide downlink system performance of HetNet range expansion in the Dual Carrier (DC) Co-channel deployment with full buffer traffic. We consider a mixed HetNet deployment scenario in which LPNs are only deployed among a subset of all Macro cells.
Multi-carrier HSPA has been standardized since Release 8. In multi-carrier deployments, one potential range expansion technique is to reduce the transmit power of the Macro on one of the carriers. As a result of the power reduction on one carrier, DF-DC that allows UE to be served by different sectors on each carrier can help further improve the range expansion gain. Details of this technique have been covered in our contribution [2]. 
In our contribution [2], we provide system simulation results to demonstrate the effectiveness of this range expansion technique. Contribution [2] assumes a universal LPN deployment in which the same number of LPNs has been deployed in every Macro cell. In this contribution, we consider a mixed HetNet deployment, in which only a subset of Macro cells have LPNs being deployed. 
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Figure 1 Mixed HetNet Deployment, Only green NodeBs (21 sectors) have LPNs deployed, while light blue NodeBs (36 sectors) do not have LPNs
Figure 1 illustrates the mixed HetNet deployment. It is a 57 cells layout consists of three tiers of Macro NodeBs. Each Macro NodeB is sectorized into three sectors. The first tier has 1 Macro NodeB (3 sector), the second tier has 6 Macro NodeBs (18 sectors) and the third tier has 12 Macro NodeBs (36 sectors). We only deploy LPNs in the geographic area of the centre 7 green Macro NodeBs (21 sectors). The outer 12 light blue Macro NodeBs (36 sectors) do not have any LPNs being deployed. During range expansion, on carrier F2, only the centre 21 green Macro sectors reduce their transmit power, the outer 36 light blue Macro sectors keep the same transmit power.

The general system simulation assumptions are summarized in [3]. More specifically

· 4 LPNs are uniformly dropped in the geographic area of each green Macro sector.

· 16 UEs are dropped in the geographic area of each Macro sector. For the 21 green Macro sectors with LPNs, we use the 50% Hotspot dropping [3]. For 36 light blue Macro sectors without LPN, we use the uniform dropping [3].

· We use outdoor path loss model. In [2], we already show that indoor path loss model does not have much impact on the performance benefit of range expansion compared to outdoor pathloss model.

· LPNs transmit power is 30dBm per carrier. Without power reduction, Macro transmit power is 43dBm, with power reduction, green Macro sectors reduce their transmit power on F2 to 30dBm.  

It is important to note that, from the UE density point of view, our current simulation assumption is not favourable for the range expansion. The same amount of UEs is dropped per Macro sector irrespective of whether the Macro sector has LPN or not. As a result, it is easy to see that the Macro sector without LPN is loaded more heavily as compared to the Macro sector with LPN. Once we reduce the transmit power on F2 from the Macro sectors with LPN, some of the UEs could be switched to the Macro sectors without LPNs, which can further increase the load discrepancy. In practical deployment, LPNs are more likely to be deployed in the Macro sectors that experience heavier traffic load compared to the neighbouring Macro sectors. From this perspective, the simulation results we show here represent the worse case scenario.
Regarding the serving cell selection criterion, the following two scenarios are considered:

1. DC only: The UE has to be served by the same NodeB on both carriers. Serving cell selection is based on the Max-Rate criterion. For each sector, among the EcIo’s on both carriers, the best EcIo is used to denote the quality of that sector. The UE selects the sector that has the best quality as the serving sector. We also apply a 3dB CIO biased toward the LPN.
2. DF-DC capable: The UE could be served by different sectors on each carrier. The serving cell selection is performed independently on each carrier, i.e., for each carrier the UE selects the cell that has the best EcIo as the serving cell. We also apply a 3dB CIO biased toward the LPN.

In the results, we show the system performance with full buffer traffic model. We show four types of system performance metrics:
· Average UE throughput: it is calculated as the average throughput of all UEs in the system

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

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

· Offloading Percentage: it is calculated as the percentage of UEs in the system that are served by LPNs. Note, in DF-DC operation with range expansion, for those UEs served by Macro on one carrier and LPN on the other carrier, we consider them as being offloaded to LPN.
The gains are given in percentage throughput increase over the baseline. The baseline is the result for the case where LPNs are not present. 
2
Simulation Results and Analysis
In this section, we present and analyse the simulation results for the mixed HetNet DC deployment scenario. 

Table 1shows the UE throughput improvement across all UE population with and without range expansion. First of all, without range expansion, we observe that performance gain from the mixed HetNet deployment is much lower than the universal LPN deployment as presented in [2]. This observation is expected, since in the mixed HetNet deployment scenario, only 37% (21 out of 57) Macro sectors have LPNs deployed. It is also interesting to see that the median and tail UE performance improvement is small. The reason is because majority of those UEs are served by Macro cells without LPNs, therefore do not benefit from the HetNet deployment under full buffer traffic.

Comparing range expansion on with range expansion off, we still observe improvement in every system performance metric: the mean UE throughput, median UE through and 5% UE throughput. The improvement is not as significant as what we showed in the universal LPN deployment [2]. Again, the main benefit from the range expansion is to equalize the load between the Macro sector and LPNs, allowing more UEs to be served by LPNs. As LPNs are only deployed in a subset of Macro sectors, the benefit from range expansion still exists, but reduces.
With range expansion, we have similar observation as in [2] that DF-DC operation helps to improve the system fairness. Compared to DC only operation, DF-DC operation improves the 5% UE tail throughput.

Table 1 DL Full Buffer Performance with 30dBm LPNs and Mixed HetNet Deployment, All UE population

	Setting
	MultiFlow
	Downlink Throughput Gain [%]
	Offloading Percentage
(%)

	
	
	Mean
	Median
	5%
	

	Range Expansion Off
 Macro F2 Power 43dBm
	DC
	80%
	22%
	13%
	14%

	Range Expansion On
 Macro F2 Power 30dBm (only center 21 cells)
	DC
	97%
	29%
	16%
	21%

	Range Expansion On
 Macro F2 Power 30dBm (only center 21 cells)
	DF-DC
	95%
	29%
	23%
	24%


Under the mix HetNet deployment scenario, one nature concern of range expansion is that, once the Macro sectors with LPNs reduces its transmit power, some UEs could be offloaded to the neighbouring Macro sectors without LPNs. As we discussed before, this potentially can cause performance degradation in our setup since we drop the same amount of UEs per Macro sector regardless of whether it has LPNs deployed or not. In this setup, the Macro sectors without LPNs serve more UEs than the Macro sectors with LPNs. Range expansion by power reduction may increase the load discrepancy further, hence lead to performance degradation. 
However, we would like to raise another point that, by reducing the Macro transmit power on F2; we reduce the interference to the neighbouring Macro cells on F2. As a result, the UEs that are served by the neighbouring Macro cells experience geometry improvement on F2. To demonstrate that, we focus on the UEs that are served by the outer 36 Macro cells that have no LPNs when range expansion is off. We compare their geometry on F2 between range expansion on and range expansion off as shown in Figure 2. From Figure 2, we observe 0.5- 1dB geometry improvement for most part of the CDF curve.  
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Figure 2 CDF of Geometry on F2 for UEs served by Macro cells wihtout LPN during Range Expansion off
In Figure 2, we show that for UEs that are served by the outer 36 macro cells without LPNs, their geometry improves as the centre 21 green cells with LPNs reduce their transmit power on F2. To further understand and analyse the data; we focus on the UEs that are located in the second tier Macro NodeB (NodeB 1-6 in Figure 1). The concern is that, those UEs may experience a reduction in the geometry on F2 if they stay with the second tier Macro cell after range expansion, since the second tier Macro cells significantly reduces their transmit power on F2 while their neighbouring Macro cells (light blue) still keep the same transmit powe . If we treat the UEs that are located in the second tier Macro NodeB as a whole population, after the range expansion, some of the UEs may experience better performance since they are offloaded to LPNs, some of the UEs may experience worse performance since they are offloaded to the neighbouring Macro cells without LPN, the rest of them stay with Macro cell, who may observe geometry loss but also benefit from the reduction in Macro load as more UEs are offloaded to the LPNs. From the above discussion, it is clear to see that this is a very dynamic system. We use UE throughput CDF to compare the performance among those UEs before and after range expansion.
Figure 3 shows the throughput CDF among UEs that are dropped in the second tier NodeB (NodeB 1-6 in Figure 1). Focused on the UEs located in the second tier NodeB (NodeB 1-6 in Figure 1), the gains are given in percentage throughput increase over the baseline no LPN case in Table 2.With range expansion on, we do observe some tail performance loss for DC only operation compared to the range expansion off. As we reduce the Macro transmit power on F2, we have different coverage on F1 and F2. DC operation forces the UE to be served by the same sector on both F1 and F2 which explains the tail performance loss. However, after enabling DF-DC, we show consistent better performance compared to range expansion off. As we discussed before, one of the main benefit from DF-DC operation is to improve system fairness, or tail performance. 
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Figure 3 Throughput CDF among UEs located in the second tier Macro NodeB (NodeB 1-6 in Figure 1)
Table 2 DL Full Buffer Performance among UEs located in the second tier Macro NodeB (NodeB 1-6 in Figure 1)

	Setting
	MultiFlow
	Downlink Throughput Gain [%]

	
	
	Mean
	Median
	5%

	Range Expansion Off
 Macro F2 Power 43dBm
	DC
	198%
	81%
	39%

	Range Expansion On
 Macro F2 Power 30dBm (only center 21 cells)
	DC
	228%
	119%
	20%

	Range Expansion On
 Macro F2 Power 30dBm (only center 21 cells)
	DF-DC
	223%
	129%
	39%


In summary, simulation results do show that, even for the mixed HetNet multi-carrier deployments, range expansion by transmit power reduction on one carrier still provided performance improvement. However, we want to emphasize that whether to lower the Macro transmit power should be chosen keeping in mind the loading in the system (at least long-term wise). If a macro cell (having LPN) has a neighboring macro cell that is highly loaded (without any LPN), it may be better to avoid reduction of the transmit power of the macro cell that has LPN, since it could cause more load discrepancy in the system. But, we do not think this undermines the usefulness of range expansion. Any range expansion needs to be done taking into account the long-term loading condition in the system. 
3
Conclusion
In this contribution, we provided the system performance for mixed HetNet Dual Carrier Co-channel deployment, focusing on the full buffer traffic mode. We only drop LPNs in the centre 21 Macro sectors out of total 57 Macro sectors. We considered a range expansion technique by reducing transmit power of Macro cell with LPN on one carrier. Our simulation results show that, even with mixed HetNet deployment, we still observe system performance improvement. Compared to DC only operation, DF-DC operation improves the system fairness by increasing the 5% UE throughput.
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