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1
Introduction 

Enhanced interference management for Heterogeneous Networks (HetNets) have been added to the list of LTE-A work items in Rel 10 [1]. In this contribution, we consider one such HetNet deployment, where low power nodes (picos) are placed in a macro network. Simulation results are presented that illustrate potential for capacity and user experience improvement when methods for increasing footprint of low power nodes are enabled and enhanced interference management techniques are utilized.
We also demonstrate that significant performance gain due to increased footprint of low power nodes and enhanced interference management is maintained under different assumptions of path loss modelling (NLOS vs. LOS), vertical antenna downtilt configuration, fast fading models, scheduling choice (EGoS vs. PF), etc.
2
Simulation Assumptions
We consider four deployment scenarios with 2x2 antenna configuration and a 10MHz system bandwidth:

· Macro only

· Conventional co-channel deployment where serving cell selection is based on best RSRP, and there is no inter-cell interference management. In the sequel, we denote it as “Best RSRP, Rel-9”.
· Increased footprint of low power node technique, combined with enhanced interference management via resource partitioning among cells. We denote this scenario as “Biased RSRP, IM”.
For “Biased RSRP, IM”, the serving cell for each UE is first determined based on the best DL received power with a fixed 25dB bias towards the hotzone cells. However, the serving cell is guaranteed to have a geometry -18dB or higher. Once the serving cell is selected, it is fixed and no longer changed. After that, resource partitioning algorithm is performed to coordinate inter-cell interference mainly focusing on cell edge UE performance enhancement.

In this contribution, the focus is on the configuration #1 [2], where both the UEs and the hotzone cells are randomly dropped. The number of UEs is fixed at 25 UEs/macro cell, while the density of hotzone cells ranges from 2, 4 and 10 hotzone/macro cell. In particular, the following aspects are considered:

· Scheduling: We focus on equal grade of service (EGoS) scheduling. However, we also consider PF scheduling as well and on a few selected cases we derive similar conclusions. 

· Vertical Antenna: Vertical antenna as defined in the Appendix of TR 36.814 [2] is enabled, where the electrical antenna downtilt 
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 = 10 degrees, which we believe better reflect realistic deployments. However, different vertical antenna configurations are also studied.

· Channel Model: both NLOS and LOS based path loss modelling are presented.

· Fading: TU is assumed. Flat Rayleigh is also studied. Zero antenna correlation is assumed in both cases.
3
Numerical Results

3.1 Sensitivity of System Performance vs. Assumptions

First we investigate the impact of different channel modelling on the system performance. The focus is on two aspects: various vertical antenna configurations and different path loss models in a macro-only deployment scenario. Proportional fair scheduling is assumed. The results are summarized below, along with the results for ITU Urban Micro (UMi) cases. Note that for the UMi case, there are 10 UEs/cell with a 4x2 antenna configuration.
Table 1 System Performance Sensitivity vs. Channel Modelling, Macro Only, PF Scheduling

	Scenario
	Antenna
	Path Loss
	Mean Throughput (kbps)
	Bandwidth Efficiency (bps/Hz)

	3GPP 

Case 1
	2-D, 2x2
	NLOS
	792 x 25 UEs
	1.98

	
	3-D, 
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 = 10, 2x2
	NLOS
	814 x 25 UEs
	2.04

	
	3-D, 
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 = 15, 2x2
	NLOS
	1035x25 UEs
	2.59

	
	3-D, 
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 = 15, 2x2
	LOS
	1048 x 25 UEs
	2.62

	UMi
	4x2
	LOS + scattering
	1915 x 10 UEs
	1.92


As can be seen, when aggressive vertical antenna downtilt as large as 15 degrees is enabled in combination with LOS path loss model, the bandwidth efficiency can be as large as 2.62 bps/Hz. This presents a 32% increase from the baseline scenario assuming the 2-D antenna pattern and the NLOS path loss model. This significant increase due to the aggressive channel modelling should be treated with caution and could be rather unrealistic and artificial. Indeed, as a comparison, a similar deployment scenario like the ITU UMi model with detailed spatial channel modelling only achieves a spectral efficiency of 1.92. 
Unless explicitly stated, in the sequel we focus on the following baseline simulations:

· EGoS scheduling

· 
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 = 10
· NLOS path loss model

· 4 hotzones /macro cell. 

· TU with zero antenna correlation
3.2
LTE-A Enhanced Interference Management Performance
The following table summarizes the performance results when enhanced interference management techniques that enable increased footprint of low power nodes are utilized [3][4]

 REF _Ref264846198 \r \h 
[5]. As described in [3]

 REF _Ref264846196 \r \h 
[4]

 REF _Ref264846198 \r \h 
[5], the enhanced interference management techniques are fully backward compatible and rely on cooperative scheduling, negotiated over the backhaul. In order not to negatively impact on Rel 8 UEs, cooperative scheduling results in creation of almost blank subframes. Each eNB continues to transmit CRS even when no data traffic is scheduled on them and we refer to those subframes as almost blank subframes. Therefore, almost blank subframes are utilized to mitigate interference from the dominant interferers and  maintain backward compatibility. 

The interference conditions can vary greatly from one subframe to the other.  Therefore UE channel feedback needs to be constraint to a specific resource or subframe. In these simulations we assume resource specific feedback, where UE measurement is constraint to a single subframe. In addition advanced UE receiver is assumed, capable of operating in low geometry, as discussed in [6]. 

Table 2 Throughput per UE in kbps
Numbers in parentheses represent gain w.r.t. macro-only deployment

	
	NLOS

	
	5% Tail
	Median

	Macro Only 
	454
	630

	Best RSRP, Rel-9
	2 Hotzones
	468 (3%)
	667 (6%)

	
	4 Hotzones
	488 (7%)
	716 (14%)

	
	10 Hotzones
	585 (29%)
	899 (43%)

	Biased RSRP, IM
	2 Hotzones
	694 (53%)
	1.067 (69%)

	
	4 Hotzones
	929 (105%)
	1539 (144%)

	
	10 Hotzones
	1800 (296%)
	3488 (454%)


The UE throughput CDF curves are shown in Figure 1 and Figure 2

 REF _Ref251004461 \h 
. It can be seen from Figure 1 that for the “Best RSRP, Rel-9” deployment scenario significant throughput improvement is achieved only for a small percentage of UEs, and there is only marginal improvement in the tail and median UE throughputs.  
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Figure 1 UE throughput CDF for macro only and “Best RSRP, Rel-9” deployments
Figures 2 shows UE throughput CDF when footprint of low power nodes is increased and enhanced interference management is utilized, which provides substantial gain in the tail and median UE throughputs. More specifically, 105% and 144% gain has been observed with 4 hotzone cells per macro cell for tail and median UE throughput, respectively. This is in contrast to 7% and 14%, respectively, for the “Best RSRP, Rel-9” case. 
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Figure 2 UE throughput CDF for biased RSRP UE association (increased footprint of low power node) and adaptive interference management
We conclude that:
· “Best RSRP, Rel-9” deployment offers performance gain for a small fraction of UEs, with limited gain at cell the edge and median UE throughputs.
· Increasing footprint of low power nodes coupled with enhanced interference management bring significant performance gain at both the cell edge and median UE throughputs.
3.3
Sensitivity to Different Vertical Antenna Configurations

Here we focus on the sensitivity of system performance as a function of different vertical antenna configurations. In particular, three configurations are considered:
· No vertical antenna downtilt

· 10 degrees of vertical antenna downtilt

· 15 degrees of vertical antenna downtilt

The number of hotzone cells is fixed at 4 per macro cell, wit EGoS scheduling and NLOS path loss modelling. As shown in Table 3 and Figure 3, as expected, as the degree of vertical downtilt antenna angle increases, performance gain is observed for each deployment scenario (macro only, “Best RSRP, Rel-9”, and “Biased RSRP, IM”). The “Biased RSRP, IM” algorithm offers significant performance gain insensitive to the vertical antenna configurations, and performs much better than the corresponding “Best RSRP, Rel-9” cases at cell edge and median UE throughputs, thanks to the two enabling techniques mentioned above.
Table 3 Throughput per UE in kbps, Various Vertical Antenna Configurations
Numbers in Parentheses represent gain w.r.t. macro-only deployment with the same antenna configuration

	
	NLOS, 4 Hotzones

	
	5% Tail
	Median

	Macro Only
	2-D
	415 
	579 

	
	Vertical Ant 10
	454 (9%)
	630 (9%)

	
	Vertical Ant 15
	553 (33%)
	775(34%)

	Best RSRP, Rel-9
	2-D
	473 (14%)
	678 (17%)

	
	Vertical Ant 10
	488 (7%)
	716 (14%)

	
	Vertical Ant 15
	613 (11%)
	946 (22%)

	Bias RSRP, IM
	2-D
	699 (68%)
	1239 (114%)

	
	Vertical Ant 10
	929 (105%)
	1539 (144%)

	
	Vertical Ant 15
	1203 (118%)
	1974 (155%)
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Figure 3 UE throughput CDF for various vertical antenna configurations
3.4
Sensitivity to NLOS and LOS Path Modelling
Here we focus on the sensitivity of system performance as a function of different path loss modelling, namely the NLOS modelling and the LOS modelling. The results are shown in Table 4 and Figure 4. The “Best RSRP, Rel-9” performance is very sensitive to the assumption of the path loss modelling. With the LOS modelling, “Best RSRP, Rel-9” offers 38% and 70% performance gain over the macro only deployment at the 5-% and median UE throughputs. On the other hand, “Biased RSRP, IM” shows robust performance gain for both cases. In particular, for the LOS modelling, “Biased RSRP, IM” offers 231% and 338% performance gain at the 5-% and median UE throughputs.
Table 4 Throughput per UE in kbps, LOS vs. NLOS Modelling
Numbers in Parentheses represent gain w.r.t. macro-only deployment with the same path loss modelling
	
	NLOS
	LOS

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only
	454
	630
	479 
	676 

	Best RSRP, Rel-9
	488 (7%)
	716 (14%)
	663 (38%)
	1148 (70%)

	Biased RSRP, IM
	929 (105%)
	1539 (144%)
	1586 (231%)
	2959 (338%)


[image: image9.emf]10

3

10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Mobile Throughput (kbps)

CDF

 

 

Macro Only, NLOS

Macro Only, LOS

Best RSRP, Rel-9, NLOS

Best RSRP, Rel-9, LOS

Biased RSRP, IM, NLOS

Biased RSRP, IM, LOS


Figure 4 UE throughput CDF for different path loss modelling
3.5 Sensitivity to Scheduling Type
In previous discussions, we have assumed EGoS based scheduling focusing on cell edge performance enhancement. Here we demonstrate that similar benefits via “Biased RSRP, IM” are also maintained when the PF scheduling is used. This is shown in Table 5 and Figure 5. Clearly, “Best RSRP, Rel-9” still offers limited cell edge and median UE throughput enhancements (14% and 21%, respectively), while “Biased RSRP, IM” results in significant improvements (103% and 147%, respectively).
Table 5 Throughput per UE in kbps, PF Scheduling
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	NLOS

	
	5% Tail
	Median

	Macro Only
	350
	681

	Best RSRP, Rel-9
	399 (14%)
	821 (21%)

	Biased RSRP, IM
	711 (103%)
	1684 (147%)
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Figure 5 UE throughput CDF assuming PF scheduling
3.6 Sensitivity to Fast Fading Modelling

In the previous discussions, we have assumed TU based fast fading modelling. Here we present simulation results assuming flat Rayleigh fading, as shown below. As expected, while the performance numbers may vary, the overall performance comparison between different schemes remains insensitive to the detailed fast fading modelling.
Table 6 Throughput per UE in kbps, TU vs. flat fading
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	TU Fading
	Flat Fading

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only
	454
	630
	382
	571

	Best RSRP, Rel-9
	488 (7%)
	716 (14%)
	417 (9%)
	659 (13%)

	Biased RSRP, IM
	929 (105%)
	1539 (144%)
	679 (78%)
	1358 (138%)


[image: image11.emf]10

3

10

4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Mobile Throughput (kbps)

CDF

 

 

Macro Only, PedB

Macro Only, flat

Best RSRP, Rel-9, PedB

Best RSRP, Rel-9, flat

Biased RSRP, IM, PedB

Biased RSRP, IM, flat


Figure 6 UE throughput CDF with different fast fading modelling
3.7 Performance with Aggressive Channel Model

The following table provides performance comparison assuming 15 degree vertical antenna tilt, LOS path model, and PF scheduling. With such aggressive channel modelling, “Best RSRP, Rel-9” offers 77% performance gain at cell edge, and 124% gain at median throughput. The “Biased RSRP, IM” algorithm still significantly outperforms the “Best RSRP, Rel-9” case. Indeed, at the 5-% UE throughput, the “Biased RSRP, IM” case is more than double that of the “Best RSRP, Rel-9” case. The CDF of UE throughputs is shown in Figure 7.
Table 7 Throughput per UE in kbps, PF Scheduling, 15 degree downtilt, LOS path loss
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	LOS

	
	5% Tail
	Median

	Macro Only
	389
	1048

	Best RSRP, Rel-9
	689 (77%)
	2345 (124%)

	Biased RSRP, IM
	1330 (242%)
	3892 (271%)
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Figure 7 UE throughput CDF with aggressive channel modelling
4

Conclusions
In this contribution, we evaluated the potential of increasing footprint of low power nodes and enhanced interference management techniques and observed that:  

· Conventional co-channel deployment (best RSRP based serving cell selection) of hotzone cells suffers from limited performance gain at cell edge and median UE throughputs

· Enabling increase in footprint of low power nodes  by utilizing almost blank subframes, resource specific feedback and advanced UE receiver can bring significant performance gain at both cell edge and median UE throughputs

In addition, we performed sensitivity study of various channel modelling assumptions and scheduling choices and demonstrated that:
· Conventional co-channel deployment is very sensitive to various channel modelling assumptions. 
· Enhanced HetNet ICIC algorithms are relatively insensitive to various conditions and provide robust performance gain for all the studied cases. 
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