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1
Introduction 

Heterogeneous networks (HetNets) have been added to the scope of the LTE-A study item [1]. Using physical layer abstraction and LTE-A evaluation methodology [2], [downlink performance with hotzone cells was presented in [3] comparing the conventional co-channel deployment with the enhanced depolyments adopting intelligent UE serving cell selection and coordinated interference management. The results were extended in [4], where two more advanced scenarios were presented.  In both [3] and [4], it was shown that while the conventional co-channel deployment exhibits limited performance gain over the macro only deployment especially at cell edge, employing enhanced UE assocation and coordinated inter-cell silencing brings significantly performance gain under various conditions.
It is a common understanding that physical layer abstraction without explicit fast fading is an efficient and effective way comparing different techniques in system simulations, as currently captured in the LTE-A evaulation methodology. This is particularlly important in the context of heterogenous networks when there are more nodes (cells and UEs) than the conventional homogenous networks, which in turn requires significantly longer simulation time. In RAN1#59, extensive discussion on fast fading modelling for heterogenous networks was carried out. In particular, three options were discussed:

· No fast fading as in current TR

· Fast fading with TU and fixed correlation matrix

· Fast fading with ITU/SCM models or possible simplifications could also be used 
In this contribution, we presented updated simulation results with explicit fast fading modelling, and showed that while the absolute performance numbers may change with different fast fading modelling, the relative performance comparison among different techniques remains insensitive to the modelling. We also demonstrate that significant performance gain due to enhanced UE assocation and coordinated inter-cell silencing 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
Herein we consider four deployment scenarios with 2x2 antenna configuration and a 10MHz system bandwidth:

· Macro only

· Conventionl 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”.
· Advanced UE serving cell selection via fixed range expansion (RE) [2], combined with adaptive interference coodination via frequency-domain resource partitioningamong cells. We denote this scenario as “Fixed Bias RSRP, IM”.
· Joint  adaptive UE serving cell selection for load balancing (LB) and adaptive interferene cooridnation, which is denoted by “Adaptive LB, IM”
The main difference between “Fixed Bias RSRP, IM” and “Adaptive LB, IM” is whether to handle the two techniques, namely, enhanced UE association and coordinated interference management, separately (“Fixed Bias RSRP, IM”) or jointly (“Adaptive LB, IM”). 

For “Fixed Bias RSRP, IM”, the two techniques are performed in a serial manner. 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. Once the serving cell is selected, it is fixed and no longer changed. After that, the ARP algorithm is performed to coordinate inter-cell interference mainly focusing on cell edge UE performance enhancement.

The ARP algorithm is an iterative and distributed algorithm to coordinate resource usage among nodes within a neighborhood.  At each iteration, each node tries to improve a neighborhood performance metric by evaluating step-wise changes in the resource usage profiles of itself and its neighbors, and then selects the change that results in the largest increase in the neighborhood performance metric and applies that change through negotiation with its neighbors.  The neighborhood performance metric in this algorithm can be viewed as a generalization of the scheduler metric that is used for scheduling decisions at the individual nodes. 
For “Adaptive LB, IM”, both the serving cell selection and the inter-cell interference coordination are jointly optimized. The serving cell assocation is no longer using a certain bias as the “Fixed Bias RSRP, IM” case, but rather “adaptive” based on considering and evaluating potential hand overs of different users, and then selecting and negotiating the one (if any) that results in the largest improvement in the neighborhood performance metric.
In this contribution, we focus on the case of 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: similar to [2], in the context of edge user performance enhancement, we focus on equal grade of service (EGoS) scheduling instead of PF scheduling. However, as will be shown later, similar conclusion holds for the PF scheduling as well. 

· Vertical Antenna: the vertical antenna as defined in the Appendix of TR 36.814 [8] is enabled, where the electrical antenna downtilt 
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 = 10 degrees, which is believed to better reflect realitistic deployment. However, different vertical antenna configurations are also studied.

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

· Fading: PedB 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 of the impact of different channel modelling on system performance. We foucs on two aspects, namely, 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 Thruput (kbps)
	Bandwidth Efficiency (bps/Hz)

	3GPP 

Case 1
	2-D, 2x2
	NLOS
	725 x 25 UEs
	1.81

	
	3-D, 
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 = 10, 2x2
	NLOS
	743 x 25 UEs
	1.86

	
	3-D, 
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 = 15, 2x2
	LOS
	961 x 25 UEs
	2.40

	UMi
	4x2
	LOS + scattering
	1915 x 10 UEs
	1.92


As can be seen, with the enabling of aggressive vertical antenna downtilt as large as 15 degrees in combination with LOS path loss model, the bandwidth efficiency can be as large as 2.40 bps/Hz. This presents a 33% 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 is rather unrealistic and aritificial. 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. 
Based on this, 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. 

· PedB with zero antenna correlation
3.2
LTE-A Cooperative Silencing Hotzone Performance
The following table summarizes the performance results, while the UE throughput CDF curves are shown in Figure 1 to Figure 3. 
Table 2 Throuput per UE in kbps
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	NLOS

	
	5% Tail
	Median

	Macro Only 
	412
	572

	Best RSRP, Rel-9
	2 Hotzones
	417 (1%)
	603 (5%)

	
	4 Hotzones
	440 (7%)
	644 (13%)

	
	10 Hotzones
	524 (27%)
	807 (41%)

	Fixed Bias RSRP, IM
	2 Hotzones
	499 (21%)
	955 (67%)

	
	4 Hotzones
	880 (114%)
	1653 (189%)

	
	10 Hotzones
	2193 (432%)
	3909 (583%)

	Adaptive LB, IM
	2 Hotzones
	540 (31%)
	974 (70%)

	
	4 Hotzones
	888 (116%)
	1616 (183%)

	
	10 Hotzones
	2098 (409%)
	3864 (576%)


It can be seen from Figure 1 for the “Best RSRP, Rel-9” deployment scenario that while there is significant throughput improvement for a small percentage of UEs, there is only marginal improvement in 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 and 3 show UE throughput CDF via enhanced serving cell selection and coordinated interference management. Both schemes provide more substantial gain in tail and median UE throughputs. More specifically, 114% (116%) and 189% (183%) gain has been observed with 4 hotzone cells per macro cell for tail and median UE throughput, respectively, for the range expansion and ARP case (“Adaptive LB, IM”). This is in contrast to 6% and 13%, respectively, for the “Best RSRP, Rel-9” case. In this case, “Fixed Bias RSRP, IM” and “Adaptive LB, IM” offer similar performance. Note that the AAPR algorithm simulated here is rather sub-optimal, as the UE rate prediction for the “Adaptive LB, IM” operation assumed a single antenna with the AWGN channel.
[image: image6.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

Macro + 2 Hotzones

Macro + 4 Hotzones

Macro + 10 Hotzones


Figure 2 UE throughput CDF for fixed biased RSRP UE association and adaptive interference management
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Figure 3 UE throughput CDF for adaptive association and adaptive interference management
Comparing with the results in [2], where there was no explicit fast fading modelling, the same conclusions in [2] still hold:
· “Best RSRP, Rel-9” deployment offers performance gain for a small fraction of UEs, with limited gain at cell edge and median UE throughputs.
· Enhanced UE assocation and coordinated interference management bring significant performance gain at both 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 4, 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 “Adaptive LB, IM”). In addition, the performance gain of “Best RSRP, Rel-9” deployment over the macro only case grows correspondingly as well. For 15 degrees of vertical antenna downtilt, “Best RSRP, Rel-9” deployment brings 49% and 64% performance enhancememt over the macro only case for the 5-% and median UE throughputs, respectively. This is in comparison to 6% and 13% gains in the case of 10 degrees of vertical antenna downtilt. In other words, the benefits of introducing hotzone cells using the conventional co-channel deployments are sensitive to the channel models assumed.
On the other hand, the “Adaptive LB, IM” algorithm offers signficant 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 to the two enabling techniques mentioned above.
Table 3 Throuput per UE in kbps, Various Vertical Antenna Configurations
Numbers in Parentheses represent gain w.r.t. macro-only deployment without vertical antenna configuration

	
	NLOS, 4 Hotzones

	
	5% Tail
	Median

	Macro Only
	2-D
	373 
	522 

	
	Vertical Ant 10
	412 (11%)
	572 (10%)

	
	Vertical Ant 15
	507 (36%)
	702 (35%)

	Best RSRP, Rel-9
	2-D
	425 (14%)
	607 (16%)

	
	Vertical Ant 10
	440 (18%)
	644 (23%)

	
	Vertical Ant 15
	554 (49%)
	854 (64%)

	Adaptive LB, IM
	2-D
	636 (71%)
	1305 (150%)

	
	Vertical Ant 10
	888 (138%)
	1616 (210%)

	
	Vertical Ant 15
	1136 (205%)
	1880 (260%)
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Figure 4 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 5. The observations are similar to the case of different vertical antenna configurations. That is, the “Best RSRP, Rel-9” performance is also very sensitive to the assumption of the path loss modelling. With the LOS modelling, “Best RSRP, Rel-9” offers 44% and 83% performance gain over the macro only deployment at the 5-% and median UE throughputs. On the other hand, “Adaptive LB, IM” shows robust performance gain for both cases. In particular, for the LOS modelling, “Adaptive LB, IM” offers 264% and 398% performance gain at the 5-% and median UE throughputs.
Table 4 Throuput per UE in kbps, LOS vs. NLOS Modelling
Numbers in Parentheses represent gain w.r.t. macro-only deployment with NLOS
	
	NLOS
	LOS

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only
	412
	572
	432 (5%)
	616 (8%)

	Best RSRP, Rel-9
	440 (7%)
	644 (13%)
	592 (44%)
	1045 (83%)

	Adaptive LB, IM
	888 (116%)
	1616 (183%)
	1493 (262%)
	2846 (398%)
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Figure 5 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 “Adaptive LB, IM” are also maintained when the PF scheduling is used. This is shown in Table 5 and Figure 6. Clearly, “Best RSRP, Rel-9” still offers limited cell edge and median UE throughput enhancements (10% and 20%, respectively), while “Adaptive LB, IM” results in significant improvements (86% and 187%, respectively).
Table 5 Throuput per UE in kbps, PF Scheduling
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	NLOS

	
	5% Tail
	Median

	Macro Only
	315
	622

	Best RSRP, Rel-9
	346 (10%)
	748 (20%)

	Adaptive LB, IM
	587 (86%)
	1786 (187%)
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Figure 6 UE throughput CDF assuming PF scheduling
3.6 Sensitivity to Fast Fading Modelling

In previous discussions, we have assumed i.i.d. 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 Throuput per UE in kbps, i.i.d. vs. flat fading
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	PeDB Fading
	Flat Fading

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only
	412
	572
	363
	540

	Best RSRP, Rel-9
	440 (7%)
	644 (13%)
	395 (9%)
	626 (16%)

	Adaptive LB, IM
	888 (116%)
	1616 (183%)
	629 (73%)
	1350 (162%)
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Figure 7 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 88% performance gain at cell edge, and 222% gain at median throughput. The “Adaptive LB, IM” algorithm still significantly outperforms the “Best RSRP, Rel-9” case. Indeed, at the 5-% UE throughput, the “Adaptive LB, IM” case is more than double that of the “Best RSRP, Rel-9” case.
Table 7 Throuput per UE in kbps, PF Scheduling, 15 degree downtilt, LOS path loss
Numbers in Parentheses represent gain w.r.t. macro-only deployment

	
	NLOS

	
	5% Tail
	Median

	Macro Only
	324
	665

	Best RSRP, Rel-9
	610 (88%)
	2144 (222%)

	Adaptive LB, IM
	1261 (289%)
	3796 (443%)


5
Conclusions
In this contribution, we provided updated simulation results from [3][4] on downlink hotzone performance by explicitly enabling fast fading modelling. It is shown that:
· HetNet relative performance comparison among different techniques is insensitive to the fast fading modelling (implicit vs. explicit fast fading modelling, and different fast fading models). 
The same observations in [3][4] still hold, i.e., 
· Conventional co-channel deployment (best RSRP based serving cell selection, no ICIC) of hotzone cells suffers from limited performance gain at cell edge and median UE throughputs

· Techniques of enhanced UE assocation and inter-cell interference coordination bring significant performace gain at both cell edge and median UE throughputs

In addition, we performed sensitivity study of various channel modelling assumptions and scheduling choices, including different vertical antenna configurations, different path loss modelling, and EGoS vs. PF scheduling. It is demonstrated that 
· LOS modelling and aggressive vertical antenna down tilt leads to overly optimistic performance compared to traditional D1 NLOS model and ITU UMi model.

· 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 in all the studied cases. 
· Relative performance comparison between different schemes is insensitive to the scheduling choice (EGoS vs. PF).
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