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1
Introduction

A study item on heterogeneous networks was initiated at the last RAN plenary [1]. Investigation of range expansion techniques to fully utilize small-cell gains is considered to be part of the study.
In this contribution, we use range expansion to refer to the techniques that improve the coverage area of the low power nodes (LPN), i.e., offload more UEs from the Macro cells to the LPNs. We list a few range expansion techniques as well as simulation results to demonstrate the system performance impact.

2
Range Expansion Techniques

In an interference limited system, it is desirable for the UE to be served by the cell from which it receives the strongest signals. In a heterogeneous network, a cell with larger transmit power causes more interference to the neighbouring cells, and has a larger coverage area as compared to the cell with smaller transmit power. Deployment of LPNs faces the challenge that the LPN could be over-shadowed by the Macro cell, and consequently, has very limited offloading capability.

From the system performance perspective, it is desirable to evenly distribute the UEs among all cells in the system. We call it “load balancing”. In this section, we describe a few range expansion techniques that extend the coverage area of LPNs. We also present system simulation results to evaluate the effectiveness of the range expansion techniques.
System simulation assumptions are summarized in Appendix A in [2]. 
2.1 
Mobility Parameter Optimization

In HSPA, the serving cell selection is based on the received pilot channel (CPICH) strength on the downlink (DL). UE selects the serving cell as the cell with the strongest received pilot strength. Coverage expansion of LPNs can be achieved via cell biasing by using the Cell Individual Offset (CIO) for LPNs, as defined in [3]. 
The use of CIO is limited as the UEs in the range expansion region suffer from strong interference from the Macro cells which results in very low geometry. Even though setting high CIO values could offload more UEs to the LPNs, those UEs could experience very low geometry and, therefore, degradation in throughput. 
We use the following simulation setup to illustrate the effect of CIO settings: 16 UEs are dropped in each Macro geographic area. 
· 50% of the UEs are clustered within 40m radius of the LPN. 
· There are 4 LPNs per Macro cell. 
· The LPN transmits at 30dBm.
The results are gains in throughput as a percentage of the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. Table 1 summarizes the HetNet system performance with different CIO settings.
From the simulation results, CIO helps to offload more UEs from the Macro to LPNs. Comparing CIO = 9dB to CIO = 0dB, there are 26% more UEs being offloaded to LPNs. Meanwhile, even though a large CIO does not provide mean cell throughput gains, it provides a fairness improvement to the system. 
Comparing CIO = 3dB with CIO = 0dB, the median throughput gain over the baseline increases from 65% to 86%, the 5% tail throughput gain improves from 30% to 55%. However, as CIO increases, the DL interference issues start to take effect which results in a degradation in the tail throughput performance. It should be noted that advanced receivers capable of downlink interference cancellation could potentially improve the tail throughput performance; However, the analysis presented below did not assume such a UE receiver.
Table 1 HetNet DL Performance Gain with Different CIO Settings, 1W LPN

	CIO [dB]
	Downlink Throughput Gain [%]
	Offloading Percentage

	
	Mean
	Median
	5 percentile
	2 percentile
	

	0
	151
	65
	30
	4
	25

	3
	153
	86
	55
	38
	32

	6
	152
	105
	59
	24
	42

	9
	153
	122
	1
	-43
	51


2.2
Range Expansion in Multi-Carrier Deployments
Multi-carrier HSPA has been standardized since Release 8. In multi-carrier deployment, one potential range expansion technique 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 automatically expand while shrinking the 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.
Figure 1 is an example of this technique, in which both the Macro cell and LPN have two carriers, F1 and F2. Without range expansion, the transmit power of the Macro cell is 43dBm and that of the LPN is 30dBm on both carriers. In this scenario, the intersection of the two yellow Ecp/Io curves of the Macro and LPN represents the DL boundary.
With range expansion, the transmit power of the Macro on F2 is reduced, e.g., from 43dBm to 30dBm. The Ecp/Io values on F2 are denoted by the red curves in Figure 1. The Ecp/Io values on F1 are the same as without range expansion. The DL boundary on F2 is now moved towards the Macro (from point A to point B), implying that the coverage area of the LPN on F2 has expanded.
A concern about this range expansion technique is the impact to the DL coverage on the range expansion carrier. Focusing on a dual-cell (DC) system and DC capable UE, keeping the Macro transmit power unchanged on one carrier; a Macro UE would lose at most 50% of its peak rate. Qualitatively,
1.  Macro UEs geometry reduction: Macro UEs at the cell centre won’t see much of a geometry reduction, while cell edge UEs may see a larger geometry reduction. It depends on whether a UE’s geometry is interference limited or thermal noise limited. In the worst case, some cell-edge UEs will see low geometry, and thus will receive little data, on the range expansion carrier.
2.  All Macro UEs will enjoy more frequent scheduling on the range expansion carrier due to offloading of UEs to LPNs.
3.  Reducing Macro cell power also reduces interference to neighbouring UEs served by other Macro or LPNs, which improves overall system throughput.
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Figure 1: Illustration of Range Expansion in Dual Carrier low power node deployments
Reducing the Macro transmit power on one carrier naturally creates different coverage maps for different carriers; this imbalance is benefitted by Multi-flow operation. Multi-flow operation is now part of the HSPA evolution. As a special example of multi-flow operation, the Dual-Frequency Dual-Cell (DF-DC) operation allows the UE to be served by different cells on different frequencies. Clearly, DF-DC operation is a good compliment to the range expansion technique we described above.
For example, in the range expansion area, a DC UE could be served by the Macro on one carrier, and the LPN on the other carrier. It is important to note that compared to Single-Frequency Dual-Cell (SF-DC), there is no requirement for UE interference rejection as DF-DC operates on two different frequencies, therefore, DF-DC operations are also possible for single receive antenna UEs.
In this contribution, we also present initial results to show the system performance benefit of multi-carrier HetNets range expansion by reducing Macro transmit power on F2. 
The following two scenarios are considered:

1. Interference limited system: This is a system with small Inter-Site-Distance (ISD) and all UEs have small path loss to the neighbouring cells. UE geometry is interference limited. In this system, reducing the Macro transmit power in the Macro only system does not results in geometry degradation. Naturally, Multi-carrier range expansion shows very good performance benefit in such as system.
2. Thermal noise limited system: In such as system, UE may have large path loss to the neighbouring cells. Once Macro cell reduces its transmit power, the UE geometry could be thermal noise limited and experience degradation. In this case, Multi-carrier range expansion could cause some UEs to lose the DL coverage on the power-reduced carrier. However, as we discussed before, those UEs are still covered by the Macro on the power-unaltered carrier. 
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.

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. 

2.2.1
Simulation Results for an Interference Limited System
In this section, we consider an interference limited system, i.e. small (500m) ISD with no-indoor UEs. Table 2 summarizes the performance gains of HetNets DC range expansion for full buffer traffic, with different serving cell selection options compared with the baseline Macro-only scenario. HetNet deployment with range expansion and DC-HSDPA UEs improves both the mean and the 10 percentile tail UE throughput compared to the HetNet deployment without range expansion. Additionally, DF-DC operation improves system fairness: with similar mean UE throughput, DF-DC operation improves the UE tail throughput compared with no DF-DC.
Table 2: DC HetNet Range Expansion Gains, Full Buffer Traffic
	50% Clustered 
UE Dropping
	 
	UE Association

	
	Mean Tput Gain
	10% Tput Gain
	Macro
	Low Power Node

	Baseline Macro only
	 
	 
	100%
	0%

	HetNet
Range Expansion Off, DC
	150%
	49%
	68%
	32%

	HetNet
Range Expansion On, DC
	249%
	114%
	36%
	64%

	HetNet
Range Expansion On, DF-DC
	246%
	150%
	28%
	72%


Next the bursty traffic model is considered.. The burst inter-arrival time has exponential distribution with a mean of 5 seconds. The burst size is fixed to xMb so that each UE has an offered load of x/5 Mbps. The burst size x is varied to create different load. The offered load per sector is computed as the offered load per UE times the number of UEs per Macro sector. Figure 2 shows the mean burst rate for bursty traffic for Macro-only as well as Hetnet options. At a given user experience (or burst rate), the supportable offered load per sector (defined as the system load per geographic area of each macro sector) increases significantly with HetNets. For example, in Figure 2, at a user experience of 6 Mbps, baseline Macro-only system can support an offered load of 7.5 Mbps per sector, while HetNets without range expansion can support an offered load of more than 12 Mbps per sector. Moreover, HetNets with range expansion can support an offered load of over 23 Mbps per sector.

Looking at the other dimension, at a given offered load per sector, HetNets provide significant gains in mean burst rate. As an example, at the offered load of 7.5 Mbps per sector in Figure 3, the mean burst rate increases from 6 Mbps for the Macro-only system to 8 Mbps for HetNets without range expansion and further to 10 Mbps for HetNets with range expansion.

In Figure 3, we compare the 10th percentile burst rate. Similar to our observation for Full Buffer traffic, compared to the case of range expansion with DC only, DF-DC helps to significantly improve the 10 percentile user experience, and hence, the fairness of the system. 

It is also important to note that the performance improvement from HetNets is more evident at high system load. For example, at 1.2 Mbps offered load per sector, the average TTI utilization for the Macro-only system is ~11% and gains from HetNets are very limited. On the other hand, at 7.5 Mbps offered load per sector, the average TTI utilization is over 75% for the Macro-only system and significant gains from HetNets can be seen. 
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Figure 2: Mean Burst Rate versus Offered Load
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Figure 3: 10 percentile Burst Rate versus Offered Load
2.2.2
Simulation Results for a Thermal Noise Limited System
A key issue that needs to be considered 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, we add an additional Building Penetration Loss (BPL) term. Simulation assumptions for indoor UEs are listed in Table 3. The BPL is modelled as Gaussian random variables with fixed mean and standard deviation.[4, 5, 6].
Table 3 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 Modeling
	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 4 illustrates the impact of indoor UEs on the geometry distribution especially with 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 we model indoor UEs with additional BPL, the system become 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 4: Geometry CDF for Macro-only System under Different Setting 
Note that reducing Macro DL transmit power has no impact to the UL coverage. Therefore, we exclude statistics of UEs that are in UL outage in the baseline Macro-only system, i.e., that have total path loss (including BPL) greater than the typical UL link budget of 140dB. With our BPL assumption, ~12% of the indoor UEs are in UL outage. We believe this reflects a fairly conservative path loss scenario.

Table 4 summarizes, for bursty traffic, the performance gains of different HetNet options compared with the baseline Macro-only scenario. Even with 60% of the UEs that located indoors, neither mean nor tail gains from HetNets are impacted. One reason is that UEs typically become uplink coverage limited before becoming downlink coverage limited. Furthermore, any throughput loss to Macro UEs due to Macro power reduction is more than offset by offloading of competing users to LPNs.

Table 4: HetNet Gains with indoor UEs and Bursty Traffic

	50% Clustered 
UE Dropping
	Indoor UE Percentile
	Offered Load 
5 Mbps/Sector
	Offered Load 
8 Mbps/Sector

	
	
	Mean Burst Rate Gain
	10% Burst Rate Gain
	Mean Burst Rate Gain
	10th Percentile Burst Rate Gain

	HetNet
Range Expansion Off, DC
	0%
	19%
	32%
	44%
	103%

	HetNet
Range Expansion On, DC
	
	35%
	61%
	79%
	188%

	HetNet
Range Expansion On, DF-DC
	
	40%
	83%
	86%
	235%

	HetNet
Range Expansion Off, DC
	60%
	24%
	45%
	47%
	128%

	HetNet
Range Expansion On, DC
	
	36%
	62%
	77%
	192%

	HetNet
Range Expansion On, DF-DC
	
	42%
	85%
	85%
	244%


3
Conclusions
In this contribution, we discussed some techniques that could be used to expand the coverage of the LPN in HetNets. These range expansion techniques allow the offloading of more UEs from Macro cells to the LPNs. We also provided initial simulation results to evaluate the effectiveness of the range expansion techniques. Note, attention must be paid to evaluation of imbalance problems in HetNet deployments as well as the associated interference management and control channel reliability issues. 

1. Parameter optimization techniques (CIO)
· Limited performance benefits were observed due to increasing CIO and the impact of a large CIO on the system wide UE throughput tail behaviour was observed. The analysis did not include advanced UE receivers capable of downlink interference cancellation.
2. Range expansion in multi-carrier: Reduction of the Macro transmit power on one carrier
· System performance benefits were observed for both full buffer and bursty traffic models
· Further system performance benefit was observed by allowing for DF-DC operation in addition to DC-only operation.

· The impact of loss of DL coverage under thermal noise limited system was also evaluated. Large percentile of indoor UEs is dropped with additional Building Penetration Loss (BPL). Even with the indoor UE model, significant system performance gain was observed due to range expansion.
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