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1
Introduction

This contribution provides simulation results for downlink system performance of HetNet range expansion in the Dual Carrier (DC) Co-channel deployment with bursty traffic. The results presented here supersede results in the previous contribution [4]. We made some changes to the computation of shadowing between UEs and LPNs, which now fully comply with the simulation assumptions in [2]. 
The system simulation assumptions are summarized in [2]. In this contribution, Simulation conditions listed as optional in [2] are not considered unless identified. For power setting, the focus is on dual carrier LPNs with 30dBm transmit power, per carrier.

Multi-carrier HSPA has been standardized since Release 8. In multi-carrier deployment, one potential range expansion technique for HetNet deployment is to reduce the transmit power of the Macro on one of the carriers. As the Macro cell transmit-power is lowered on one carrier; the DL coverage of the LPNs in that cell automatically expand with the shrinking coverage of the Macro cell. UEs at the edge of coverage (for example, indoor UEs) can still be covered by the Macro on the carrier whose power is not reduced. Note, to keep the pilot (CPICH) power percentage relative to the total transmit power the same, the Macro cell CPICH power is reduced proportionally on the range expansion carrier.

The detailed analysis of the Multi Carrier HetNet range expansion by reducing Macro transmit power on one carrier is given in the similar contribution on full buffer traffic [3].
In the results, system performance is evaluated with bursty traffic model. Four types of system performance metrics are considered 
· Average UE burst rate: it is calculated as the average burst rate of all UEs in the system

· 5% UE burst rate: it is calculated as the burst rate of the UEs at 5% tail across all UEs in the system.
· Offloading Percentage: it is 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, for those UEs served by Macro on one carrier and LPN on the other carrier, they are consider to be offloaded to 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, the TTI utilization is averaged over both carriers. The TTI utilization is only considered for non-empty cells. A non-empty cell is defined as a cell that serves at least one UE. TTI utilization for both all Macro and all LPNs are shown. Note that, TTI utilization is a direct metric to quantify the load into 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. 

2
Simulation Results for Interference Limited System
In this section, simulation results are presented for an interference limited system, i.e. small (500m) ISD with no-indoor UEs. Both the 50% hotpot UE dropping and uniform UE dropping are considered
2.1
50% Clustering UE Dropping, Interference Limited System

Table 1 shows the UE burst rate improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and 50% clustering UE dropping, with no-indoor UE. Clearly, significant performance benefit can be observed from HetNet deployment in terms of both the system capacity (average burst rate) and the system coverage (5% burst rate). 

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 starts from very low load, i.e. low UE density or low TTI utilization in the baseline Macro only system, the gain from range expansion will be very limited. 

More importantly, if the range expansion is performed with DC only operation, range expansion may lead to performance loss at very low load, especially at the 5% tail. In fact, this could be the problem for any range expansion techniques with resource partition between Macro and LPN, whether the resource is frequency or time. The reason is that, 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. This means they have to be served by a weaker cell on one carrier. As a result, it 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 performance loss. On the other hand, allowing DF-DC operation with range expansion removes this limitation, therefore, does not face the same loss that DC only operation would face. 

Table 1 HetNets DL Bursty Traffic Performance, 30dBm LPN and 50% Clustering UE Dropping, No-indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro
	Offloading Percentage 
(%)

	
	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	

	1
	HetNet Range Expansion Off
	15%
	21%
	35%
	63%
	127%
	369%
	30%

	
	HetNet Range Expansion On
DC Only
	21%
	15%
	51%
	70%
	199%
	573%
	54%

	
	HetNet Range Expansion On
DF-DC Only
	26%
	38%
	56%
	107%
	201%
	722%
	58%

	2
	HetNet Range Expansion Off
	13%
	13%
	36%
	79%
	143%
	433%
	33%

	
	HetNet Range Expansion On
DC Only
	18%
	4%
	53%
	87%
	229%
	757%
	60%

	
	HetNet Range Expansion On
DF-DC Only
	24%
	31%
	58%
	133%
	216%
	940%
	65%

	4
	HetNet Range Expansion Off
	14%
	19%
	41%
	71%
	161%
	539%
	37%

	
	HetNet Range Expansion On
DC Only
	17%
	9%
	55%
	84%
	246%
	849%
	66%

	
	HetNet Range Expansion On
DF-DC Only
	24%
	40%
	62%
	133%
	237%
	1112%
	74%


Table 2 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%

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

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

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

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

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

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

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

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

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

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

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


As mentioned in the previous discussion, the gain from HetNet deployment and the range expansion techniques highly depends on the loading of the system. The loading on each cell can be quantified as the average TTI utilization. Table 2 shows the average TTI utilization with deployment of 30dBm LPNs and 50% clustering UE dropping, no-indoor UE.  

In general, Tables 1 and 2 show that the gain increases along with the increase in loading 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.

2.1
Uniform UE Dropping, Interference Limited System

Table 3 and Table 4 show the UE burst rate improvement and average TTI utilization, respectively, from the HetNet deployment with 30dBm LPNs and Uniform UE dropping, no-indoor UE. 
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.  

Use 4 LPNs/Macro as an example, there is clear impact of system loading on the range expansion performance with DC only operation and with DF-DC operation. For the range expansion with DC only operation, as the UE has to be served by the same sector on both carries, some UEs may observe lower peak rate compared to Macro only baseline. If system loading is small, the UE performance is mostly determined by its peak rate, some performance loss can be observed especially at 5% burst rate due to DC only operation. For example, 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. Therefore, we observe quite robust system performance enhancement from range expansion with DF-DC operation, compared to dual-carrier HetNet deployment without range expansion, at both the average burst rate and the 5% burst rate. 
Table 3 HetNets DL Bursty Traffic Performance, 30dBm LPNs and Uniform UE Dropping, No-indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro
	Offloading Percentage 
(%)

	
	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	

	1
	HetNet Range Expansion Off
	2%
	1%
	6%
	10%
	20%
	27%
	5%

	
	HetNet Range Expansion On
DC Only
	-1%
	-24%
	12%
	-4%
	60%
	130%
	22%

	
	HetNet Range Expansion On
DF-DC Only
	2%
	8%
	13%
	21%
	56%
	156%
	25%

	2
	HetNet Range Expansion Off
	2%
	0%
	10%
	21%
	42%
	76%
	10%

	
	HetNet Range Expansion On
DC Only
	0%
	-21%
	19%
	8%
	105%
	288%
	33%

	
	HetNet Range Expansion On
DF-DC Only
	5%
	8%
	21%
	51%
	101%
	317%
	40%

	4
	HetNet Range Expansion Off
	4%
	-1%
	17%
	35%
	67%
	156%
	18%

	
	HetNet Range Expansion On
DC Only
	2%
	-19%
	27%
	27%
	144%
	443%
	49%

	
	HetNet Range Expansion On
DF-DC Only
	8%
	15%
	31%
	75%
	143%
	558%
	59%


Table 4 Average TTI utilization, 30dBm LPNs and 50% Uniform 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%
	98%
	0%

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

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

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

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

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

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

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

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

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

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

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


3
Simulation Results for Thermal Limited System
A key issue to consider, when doing range expansion through reduction of Macro power on one carrier, is the impact to coverage-limited UEs (typically indoor). 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, an additional Building Penetration Loss (BPL) term is intruduced. Simulation assumptions for indoor UEs are listed in Table 5.

Table 5 System Simulation Assumption 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 1 illustrates the geometry impact on indoor UEs given power reduction for the baseline Macro-only system. Clearly, without indoor UEs, reducing the Macro transmit power from 43dBm to 30dBm has very minimum impact on the geometry since the system is interference limited. As indoor UEs are modelled with additional BPL, the system becomes more noise limited and we see the impact on the geometry distribution, especially the tail behaviours after Macro power reduction.
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Figure 1: Geometry CDF for Macro-only System under Different Setting 
Note that reducing Macro DL transmit power has no impact to the UL coverage. Therefore, statistics of UEs that are in UL outage in the baseline Macro-only system are excluded, i.e., that have total path loss (including BPL) greater than the typical UL link budget of 140dB. 

In the next subsections, simulation results are presented for a thermal limited system, i.e. small (500m) ISD with 60% indoor UEs. Both the 50% hotpot UE dropping and uniform UE dropping are considered
3.1
50% Clustering UE Dropping, Thermal Limited System

Table 6 and Table 7 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 have the same observations as the case of no-indoor UE. Specifically, 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). When only DC operation is allowed for with range expansion, we still observe good system performance benefits at medium to high load. At low load, due to the fact that DC only operation with range expansion may negatively impact the UE peak rate, we observe some performance gain reduction or even performance loss.
Table 6 HetNets DL Bursty Traffic Performance, 30dBm LPNs and 50% Clustering Dropping, 60% Indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro
	Offloading Percentage 
(%)

	
	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	

	1
	HetNet Range Expansion Off
	17%
	25%
	36%
	83%
	129%
	353%
	30%

	
	HetNet Range Expansion On
DC Only
	18%
	11%
	46%
	33%
	183%
	433%
	53%

	
	HetNet Range Expansion On
DF-DC Only
	24%
	34%
	51%
	83%
	187%
	541%
	58%

	2
	HetNet Range Expansion Off
	14%
	14%
	38%
	92%
	146%
	493%
	33%

	
	HetNet Range Expansion On
DC Only
	15%
	-17%
	49%
	56%
	217%
	682%
	59%

	
	HetNet Range Expansion On
DF-DC Only
	21%
	15%
	54%
	107%
	215%
	801%
	65%

	4
	HetNet Range Expansion Off
	16%
	22%
	43%
	85%
	165%
	545%
	37%

	
	HetNet Range Expansion On
DC Only
	16%
	-9%
	54%
	55%
	239%
	767%
	65%

	
	HetNet Range Expansion On
DF-DC Only
	22%
	31%
	59%
	117%
	240%
	923%
	74%


Table 7 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
	28%
	0%
	62%
	0%
	98%
	0%

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

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

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

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

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

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

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

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

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

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

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


3.1
Uniform UE Dropping, Thermal Limited System

Table 8 and Table 9 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.
Table 8 HetNets DL Bursty Traffic Performance, 30dBm LPNs and Uniform Dropping, 60% Indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro
	Offloading Percentage 
(%)

	
	
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	Average Burst Rate Gain
	5% Burst Rate Gain
	

	1
	HetNet Range Expansion Off
	2%
	3%
	6%
	12%
	21%
	26%
	5%

	
	HetNet Range Expansion On
DC Only
	-5%
	-33%
	5%
	-20%
	47%
	76%
	21%

	
	HetNet Range Expansion On
DF-DC Only
	-2%
	-12%
	6%
	0%
	44%
	86%
	25%

	2
	HetNet Range Expansion Off
	2%
	0%
	11%
	24%
	43%
	73%
	10%

	
	HetNet Range Expansion On
DC Only
	-4%
	-28%
	13%
	-3%
	91%
	197%
	32%

	
	HetNet Range Expansion On
DF-DC Only
	-1%
	-2%
	15%
	22%
	87%
	209%
	40%

	4
	HetNet Range Expansion Off
	5%
	4%
	17%
	39%
	69%
	149%
	18%

	
	HetNet Range Expansion On
DC Only
	0%
	-27%
	23%
	12%
	133%
	385%
	47%

	
	HetNet Range Expansion On
DF-DC Only
	5%
	9%
	26%
	57%
	113%
	1200%
	59%


Table 9 Average TTI utilization, 30dBm LPNs and Uniform 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
	28%
	0%
	62%
	0%
	98%
	0%

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

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

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

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

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

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

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

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

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

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

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


4
Conclusion

In this contribution, system performance simulation results are presented for HetNet Dual Carrier Co-channel deployment, focusing on the bursty traffic mode. We considered a range expansion technique by reducing Macro transmit power on one carrier. We evaluated the range expansion under both inference limited system (no-indoor UEs) and thermal noise limited system (60% indoor UEs). Below is a summary of our observations:
· Without range expansion, HetNet DC co-channel deployment improves both the average user experience (average burst rate) and worst case user experience (5% burst rate) compared to a baseline Macro only system.

· With range expansion, especially with DF-DC operation, HetNet DC co-channel deployment enjoys further performance improvement for both the average user experience (average burst rate) and worst case user experience (5% burst rate).

· The gain from range expansion, as well as HetNet deployment in general, increases as the load in the system increases.

· Range expansion with DC only operation may negatively impact the UE peak rate, hence, reduces the HetNet deployment performance when the system is lightly loaded. As an enhancement, range expansion with DF-DC operations does not suffer from that limitation and, hence, provides more robust performance benefit. 
Proposal: The results presented in this contribution are captured in the TR.
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