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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on Range Expansion Results Using Macro Power Reduction to the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.2.2.4
Performance of Macro Power Reduction
To evaluate the performance of Macro power reduction, the following two scenarios are considered:

1. Interference limited system: The outdoor path loss model and Inter-Site-Distance of 500m is considered (refer to the Annex for additional simulation assumptions). Reducing the Macro transmit power in the Macro only system does not result in geometry degradation since the UE is interference limited.

2. Thermal noise limited system: This scenario corresponds to the case when the indoor path loss model is considered. In such systems, indoor UEs may have large path loss values even to the strongest cell. The geometries of these UEs are thermal noise limited. 

Additionally, the following UEs are considered based on the serving cell selection criterion:

1. DC only: The UE is served by the same NodeB on both carriers. Serving cell selection is based on the Max-Rate criterion. For each sector, among the Ec/Io’s on both carriers, the best Ec/Io is used to denote the quality of that sector. The UE selects the sector that has the best quality as the serving sector. 3dB CIO is applied to bias serving cell selection 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 Ec/Io as the serving cell. 3dB CIO is applied to bias serving cell selection toward the LPN.

7.2.2.4.1
Interference Limited System with Full Buffer Traffic

Four types of system performance metrics are considered:

· 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, they are considered to be 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. 
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Figure X: DL Full Buffer Performance with 30dBm LPNs and 50% Clustering Dropping, No-indoor UEs
Figure X shows the UE throughput improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and 50% clustering UE dropping, with no-indoor UEs. 

Range expansion allows more UEs to be offloaded to LPNs, hence improves the HetNet deployment gain. For example, in Figure X, with DC only operation, at 4 LPNs/Macro, comparing range expansion off with on, an increase in offloading is seen from 33% to 67%. Further the average UE throughput gain improves from 214% to 304% and the 5% UE throughput gain improves from 65% to 109%. 

DF-DC operation further improves the range expansion gain. The benefit from DF-DC operation is more evident at the 5% UE throughput, which implies that DF-DC operation significantly improves the fairness in the system. Using 4 LPNs/Macro as an example, compared to DC only operation with range expansion, DF-DC operation increase the 5% UE throughput gain from 109% to 153%, while keeping the mean and media UE throughput almost the same.
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Figure X: DL Full Buffer Performance with 30dBm LPNs and Uniform UE Dropping, No-indoor UEs

Figure X shows the UE throughput improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and uniform UE drops throughout the system.

When compared to 50% clustering UE dropping, uniform dropping results in fewer UEs being offloaded to LPNs and, hence, less performance improvement from HetNet deployments. The same trends are observed for DC only operation compared to HetNet deployment without range expansion i.e. HetNet deployment with range expansion provides further improvement, especially the mean and media performance points. Furthermore, when we enable DF-DC operation under range expansion, improvement to the system fairness is seen. Specifically, increased 5% UE throughput gains can be observed.

7.2.2.4.2
Thermal Noise Limited System with Full Buffer Traffic

The impact on coverage-limited indoor UEs needs to be considered when reducing Macro power. Even though, LPNs are typically deployed in dense urban areas with small ISD, there still could be coverage limitations for indoor UEs. To model indoor UEs, additional Building Penetration Loss (BPL) is added. The salient simulation assumptions for indoor UEs are listed in Table X.

Table X: Salient System Simulation Assumptions for Indoor UEs

	Parameter
	Value

	Building Penetration Loss (BPL) 
Mean
	11 dB

	Building Penetration Loss (BPL)  
Standard Deviation
	6.5 dB

	Indoor UE Modelling
	Each UE is assigned as indoors with a probability of x% (x = 0, 60).
For indoor UEs, BPL is randomly generated and added to the path loss.

	UL Link Budget
	140 dB

	
	


Figure X illustrates the geometry impact on indoor UEs given power reduction for the baseline Macro-only system. In cases with no indoor UEs, reducing the Macro transmit power from 43dBm to 30dBm has very minimum impact on the UE geometry since the system is interference limited. As indoor UEs with additional BPL are added, the system becomes more noise limited and there is more of an impact on the geometry distribution especially at the tail.
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Figure X: Geometry CDF for Macro-only System under Different Power Settings 
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Figure X: DL Full Buffer Performance with 30dBm LPNs and 50% Clustering Dropping, 60% indoor UEs

Figure X shows the UE throughput improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and 50% clustering UE dropping and 60% indoor UEs. Compared to the case when indoor UEs are not modelled, the gain from range expansion with DC or DF-DC operation is slightly decreased. 

When considering DC only operation, comparing range expansion off with on, an improvement in system performance is provided by range expansion. For example, at 4 LPNs/Macro, range expansion increases the offloading from 36% to 66%., Further the average UE throughput gain improves from 226% to 301% and the 5% UE throughput gain improves from 67% to 99%. Enabling DF-DC operation with range expansion significantly improves the system fairness, or the 5% UE throughput. Using 4 LPNs/Macro as an example, compared to DC only operation with range expansion, DF-DC operation increase the 5% UE throughput gain from 99% to 141%.
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Figure X: DL Full Buffer Performance with 30dBm LPNs and Uniform UE Dropping, 60% indoor UEs

Figure X shows the UE throughput improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and Uniform UE dropping, 60% indoor UEs. The results also confirm the gain from range expansion with DC only and DF-DC operation.

7.2.2.4.3
Interference Limited System with Bursty Traffic

The following system performance metrics are considered:

· Average UE burst rate: Calculated as the average burst rate of all UEs in the system

· 5% UE burst rate: Calculated as the burst rate of the UEs at 5% tail across all UEs in the system.

· Offloading Percentage: Calculated as the percentage of UEs among all UEs in the system that are served by LPNs. Note, in DF-DC operation with range expansion, the UEs that are served by Macro on one carrier and LPN on the other carrier are consider to be offloaded to the LPN.

· Average TTI utilization: For each cell, the TTI utilization is defined as the percentage of TTIs during which each cell schedules a packet to at least one UE. Then, for each Macro/LPN, TTI utilization is averaged over both carriers. TTI utilization is only considered for non-empty cells and is a direct metric to quantify the load in the whole system.

The gains are presented as the percentage increase over the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. 

Figure X shows the UE burst rate improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and 50% clustering UE dropping, with no-indoor UE. It is important to note that range expansion for HetNet dual-carrier deployment benefits the system performance by allowing more UEs to be offloaded from the Macro to LPNs. However, if the system has a low load to begin with, i.e. low UE density or low TTI utilization in the baseline Macro only system, the gains from range expansion are limited. 

Additionally, if the range expansion is performed with DC only operation, it may lead to a small performance loss at very low load situations, especially at the 5% tail. When UEs are limited to be in DC only operations, the UEs in the range expansion region have to be served by the same sector on both carriers with a weaker cell on one carrier. This may negatively impact the UE peak rate. For a lightly loaded system with bursty traffic, the UE burst rate is mostly determined by the peak rate, hence, any scheme that limits the UE peak rate may result in a performance loss. On the other hand, allowing DF-DC operation with range expansion removes this limitation, therefore, does not face the same limitations. 
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Figure X: DL Bursty Traffic Performance, 30dBm LPN and 50% Clustering UE Dropping, No-indoor UE
Table X shows the average TTI utilization with deployment of 30dBm LPNs and 50% clustering UE dropping, no-indoor UE.  

Table X: Average TTI utilization, 30dBm LPNs and 50% Clustering UE Dropping, No-indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	24%
	0%
	58%
	0%
	97%
	0%

	
	Range Expansion Off
	15%
	8%
	36%
	17%
	80%
	44%

	
	Range Expansion On
DC Only
	12%
	9%
	27%
	18%
	63%
	43%

	
	Range Expansion On
DF-DC Only
	10%
	14%
	21%
	30%
	49%
	65%

	2
	Baseline
	24%
	0%
	58%
	0%
	98%
	0%

	
	Range Expansion Off
	15%
	5%
	33%
	10%
	75%
	26%

	
	Range Expansion On
DC Only
	11%
	5%
	24%
	11%
	53%
	26%

	
	Range Expansion On
DF-DC Only
	8%
	8%
	18%
	17%
	40%
	38%

	4
	Baseline
	24%
	0%
	59%
	0%
	98%
	0%

	
	Range Expansion Off
	13%
	4%
	30%
	7%
	68%
	15%

	
	Range Expansion On
DC Only
	7%
	5%
	14%
	10%
	31%
	22%

	
	Range Expansion On
DF-DC Only
	10%
	4%
	20%
	7%
	42%
	15%


Figure X and Table X show that gains increase with the increase in load and LPN density. DF-DC operation under range expansion offers higher and more robust gains over DC only operation. For example, for the case of 4 LPNs/Macro and16 UEs/Macro, without range expansion, the system offers an average burst rate gain of 41% and a 5% burst rate gain of 71% over the no LPN baseline. Range expansion with DC-only operation increases the average burst rate gain to 55%, and increases 5% burst rate gain to 84%. 

Range expansion with DF-DC operation increases both the average burst rate gain and the 5% burst rate gain to 62% and 133%, respectively. When the load is increased to 98% (32 UEs/Macro), deploying 4 LPNs without range expansion offers an average burst rate gain of 161% and a 5% burst rate gain of 539% over the baseline. Range expansion with DC-only operation increases the average burst rate gain to 246% and increases the 5% burst rate gain to 849%. Range expansion with DF-DC operation increases both the average burst rate gain and the 5% burst rate gain to 237% and 1112%, respectively.
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Figure X: DL Bursty Traffic Performance, 30dBm LPNs and Uniform UE Dropping, No-indoor UEs

Figure X and Table Y show the UE burst rate improvement and average TTI utilization, respectively, from the HetNet deployment with 30dBm LPNs and Uniform UE dropping and no-indoor UEs. Similar observations can be obtained as those from the 50% clustering UE dropping. In general, range expansion with DF-DC operation provides more robust and higher gains compared to range expansion with DC only operation. The HetNet gain, as well as the range expansion improvement, increases as the loading in the system increases. For range expansion with DC only operation may cause some performance loss at low to medium loading (due to UE peak rate impact). However, this could be overcome by allowing DF-DC operation.  

Range expansion with DC only operation performs worse than the HetNet deployment without range expansion at 5% burst rate, under 16 UE/Macro which corresponds to a baseline loading of 57%. On the other side, when DF-DC operation is allowed for range expansion, UEs can be served by different sectors on each carrier. As a result, the negative impact on the UE peak rate is greatly mitigated. 

Table Y: Average TTI utilization, 30dBm LPNs and 50% Uniform Dropping, No-indoor UEs

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	24%
	0%
	58%
	0%
	98%
	0%

	
	Range Expansion Off
	22%
	5%
	53%
	9%
	97%
	15%

	
	Range Expansion On
DC Only
	20%
	8%
	46%
	16%
	92%
	39%

	
	Range Expansion On
DF-DC Only
	17%
	13%
	42%
	24%
	88%
	53%

	2
	Baseline
	24%
	0%
	57%
	0%
	98%
	0%

	
	Range Expansion Off
	21%
	5%
	48%
	9%
	95%
	18%

	
	Range Expansion On
DC Only
	14%
	9%
	32%
	17%
	72%
	39%

	
	Range Expansion On
DF-DC Only
	17%
	6%
	38%
	12%
	80%
	29%

	4
	Baseline
	24%
	0%
	57%
	0%
	98%
	0%

	
	Range Expansion Off
	19%
	5%
	42%
	8%
	91%
	14%

	
	Range Expansion On
DC Only
	10%
	7%
	25%
	11%
	54%
	25%

	
	Range Expansion On
DF-DC Only
	14%
	5%
	30%
	9%
	63%
	19%


7.2.2.4.4
Thermal Noise Limited System with Bursty Traffic

Similar to the full buffer traffic scenario, the performance in a thermal limited system with indoor UEs is considered. Indoor UEs are modelled with an additional building penetration loss as before. The details of the simulation and the distribution of the geometries can be found in Section 7.2.2.4.2.
Figure X and Table Y show the UE burst rate improvement and average TTI utilization, respectively, from the HetNet deployment with 30dBm LPNs and 50% Clustering UE dropping, 60% indoor UEs. 
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Figure X: DL Bursty Traffic Performance, 30dBm LPNs and 50% Clustering Dropping, 60% Indoor UE

Table Y: Average TTI utilization, 30dBm LPNs and 50% Clustering UE Dropping, 60% Indoor UEs

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	28%
	0%
	62%
	0%
	98%
	0%

	
	Range Expansion Off
	17%
	9%
	39%
	18%
	82%
	45%

	
	Range Expansion On
DC Only
	12%
	15%
	26%
	34%
	60%
	70%

	
	Range Expansion On
DF-DC Only
	15%
	10%
	33%
	21%
	71%
	49%

	2
	Baseline
	26%
	0%
	61%
	0%
	98%
	0%

	
	Range Expansion Off
	15%
	6%
	35%
	11%
	78%
	28%

	
	Range Expansion On
DC Only
	9%
	9%
	22%
	18%
	49%
	42%

	
	Range Expansion On
DF-DC Only
	12%
	6%
	27%
	12%
	60%
	30%

	4
	Baseline
	26%
	0%
	62%
	0%
	99%
	0%

	
	Range Expansion Off
	14%
	4%
	33%
	7%
	71%
	16%

	
	Range Expansion On
DC Only
	8%
	6%
	17%
	11%
	38%
	24%

	
	Range Expansion On
DF-DC Only
	11%
	4%
	23%
	8%
	47%
	17%


In general, we have the same observations as in the case of the interference limited system. Consistent and significant performance benefit can be achieved from HetNet deployment under range expansion with DF-DC operation, in terms of both the average user experience (average UE burst rate) and worst case user experience (5% UE burst rate).
Figure X and Table Y show the UE burst rate improvement and average TTI utilization, respectively, from the HetNet deployment with 30dBm LPNs and 50% clustering UE dropping, 60% indoor UEs. In general, we observe less gain compared to clustering UE dropping.
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Figure X: DL Bursty Traffic Performance, 30dBm LPNs and Uniform Dropping, 60% Indoor UEs

Table Y: Average TTI utilization, 30dBm LPNs and Uniform UE Dropping, 60% Indoor UEs

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	28%
	0%
	62%
	0%
	98%
	0%

	
	Range Expansion Off
	25%
	8%
	57%
	10%
	97%
	15%

	
	Range Expansion On
DC Only
	22%
	15%
	50%
	27%
	94%
	55%

	
	Range Expansion On
DF-DC Only
	24%
	10%
	54%
	19%
	96%
	44%

	2
	Baseline
	26%
	0%
	60%
	0%
	99%
	0%

	
	Range Expansion Off
	22%
	6%
	50%
	10%
	96%
	19%

	
	Range Expansion On
DC Only
	18%
	10%
	38%
	19%
	81%
	42%

	
	Range Expansion On
DF-DC Only
	20%
	7%
	43%
	14%
	87%
	34%

	4
	Baseline
	26%
	0%
	60%
	0%
	98%
	0%

	
	Range Expansion Off
	20%
	6%
	44%
	9%
	92%
	14%

	
	Range Expansion On
DC Only
	13%
	8%
	29%
	13%
	63%
	28%

	
	Range Expansion On
DF-DC Only
	16%
	6%
	34%
	10%
	69%
	22%


7.2.2.4.5
Performance in a Mixed Deployment Scenario

A mixed HetNet deployment, in which only a subset of Macro cells have LPNs being deployed is considered. 
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Figure X Mixed HetNet Deployment, Only green NodeBs (21 sectors) have LPNs deployed, while light blue NodeBs (36 sectors) do not have LPNs

Figure X illustrates an example of a mixed HetNet deployment. It’s 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 deployed. When range expansion is applied 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 the annex. Some salient aspects are:

· 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, 50% Hotspot drops are used. For the 36 light blue Macro sectors without LPN, uniform dropping is applied.

· Outdoor path loss model is considered. 

· 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.  

The same amounts of UEs are dropped per Macro sector irrespective of whether the Macro sector has an LPN or not. As a result, the Macro sector without an LPN is loaded more heavily as compared to the Macro sector with LPNs. 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 could further increase the load discrepancy. In a 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 shown represent the worst case scenario.

Figure X shows the UE throughput improvement across the entire UE population with and without range expansion. Without range expansion, we observe that performance gain from the mixed HetNet deployment is much lower than the universal LPN deployment as shown in previous sections. This is expected since in a 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. This is because the majority of the 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 improvement is not as significant as in the case of universal LPN deployment. The main benefit from the range expansion technique 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 is somewhat reduced. With range expansion, DF-DC operation helps to improve the system fairness. When compared to DC only operation, the DF-DC operation improves the 5% UE tail throughput.
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Figure X: DL Full Buffer Performance with 30dBm LPNs and Mixed HetNet Deployment, Entire UE population

Under the mixed HetNet deployment scenario, once the Macro sectors with LPNs reduce their transmit power some UEs could be offloaded to the neighbouring Macro sectors without LPNs. This could potentially cause some performance degradation since the same amount of UEs per Macro sector are present regardless of whether LPNs are deployed or not. In this setup, the Macro sectors without LPNs serve more UEs than the Macro sectors with LPNs. 

However, by reducing the Macro transmit power on F2; the interference to the neighbouring Macro cells on F2 is also reduced. As a result, the UEs that are served by the neighbouring Macro cells experience a geometry improvement on F2. Consider the UEs that are served by the outer 36 Macro cells that have no LPNs when range expansion is off. Their geometries on frequency F2 is shown in Figure X. Around 0.5- 1dB geometry improvement can be observed for the most part.  
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Figure X: CDF of Geometry on F2 for UEs served by Macro cells without LPNs
Next, consider the UEs that are located in the second tier Macro NodeB (NodeB 1-6). As a whole population, after the range expansion, some UEs may experience better performance since they are offloaded to LPNs, some may experience worse performance since they are offloaded to the neighbouring Macro cells without LPN. The rest of them stay with Macro cell and may observe some geometry losses but also benefit from the reduction in Macro load as more UEs are offloaded to the LPNs. 

Figure X shows the throughput CDF among UEs that are dropped in the second tier NodeB (NodeB 1-6). The gains are given in percentage throughput increase over the baseline no LPN case. With range expansion on, some tail performance loss is observed for DC only operation compared to the range expansion off. As the Macro transmit power on F2 is reduced, we have different coverages on F1 and F2. Dual carrier 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, it is seen that consistent better performance is obtained compared to range expansion off scenario. 
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Figure X: Throughput CDF among UEs located in the second tier Macro NodeB (NodeB 1-6)
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Figure X: DL Full Buffer Performance among UEs located in the second tier Macro NodeB

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, it should be emphasized that the decision to lower the Macro transmit power should be made while also considering the long term loading in the system. If a macro cell that has LPNs deployed has neighbouring macro cells that are highly loaded any without any LPNs, it may be better to avoid reduction of the transmit power since it may add to the load discrepancy in the system. All range expansion techniques need to be applied while taking into account the long-term loading conditions in the system. 
7.2.2.4.6
Summary

The following conclusions can be drawn from the performance results shown in Sections 7.2.2.41
· Compared to a dual carrier HetNet co-channel deployment, range expansion significantly improves the system performance, especially the average UE throughput.

· Further system performance benefit was observed by allowing DF-DC operation in addition to DC-only operation with range expansion. Compared to DC only operation, DF-DC operation improves the system fairness by significantly increasing the 5% UE throughput.
· The impact of loss of DL coverage in a thermal noise limited system was also evaluated. The evaluation used a large percentile of indoor UEs with added Building Penetration Loss (BPL). Even with the indoor UE model, significant system performance gain was observed due to range expansion.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the Range Expansion Results Using Macro Power Reduction as presented in this document to the UMTS Hetnet TR [2].
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