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1
Introduction
As discussed in [1] during the IMT-Advanced workshop, the evaluation methodology that is used in 3GPP is over 10 years old. One of the limitations discussed in [2] is the fact that cells are uniformly distributed, hexagonal and all of them have the same size. 
In order to meet the performance requirements set forth for LTE-A a common theme discussed by multiple companies [3] was the incorporation in the system of new nodes with lower transmit power class than the usual “macro” eNBs. These new nodes (pico cells, Home eNBs, relays) change the topology of the system lay-out to a much more heterogeneous network with a completely new interference environment with nodes of multiple classes “competing” for the same wireless resources [4]. 
This contribution addresses aspects related to the evaluation methodology of heterogeneous networks. 

2
Discussion

This section summarizes the aspects related to heterogeneous networks that, in our opinion, have to be addressed as part of the evaluation methodology of heterogeneous networks. In summary:

· Heterogeneous system lay-outs

· Traffic models

· Comparison baseline and scenarios 

· Performance metric

2.1
Heterogeneous System Lay-outs

The introduction of new nodes in the network to increase system capacity and cell-edge user experience introduces a new interference environment that will need to be carefully assessed, e.g., [4]. 
This section explores the aspects related to heterogeneous systems lay-outs that are relevant from the evaluation methodology point of view. We look at:

· Type of nodes

· Dropping of new nodes and UEs in the system lay-out

2.1.1
Type of nodes and their parameters
The macro-cells have already been extensively studied in previous evaluations. The macro-cell lay-out is considered the baseline lay-out on top of which new nodes may be dropped. In that regard, we propose capturing the D1 and D3 scenarios in [5] as the baseline macro-cell lay-outs. Table 1 summarizes some system parameters related to deployment scenarios D1 and D3 in [5]. 
Table 1. D1 and D3 scenarios from [5]

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	D1
	2.0
	500
	10(*)
	20
	3

	D3
	2.0
	1732
	10(*)
	20
	3


(*) Given that the requirements in [6] are in terms of spectral efficiency, we do not see the need to simulate bandwidths larger than 10MHz for the evaluation of LTE-A techniques improving spectral efficiency.

The relevant baseline parameters for macro cells shown in [5] are:

Table 2. Baseline macro-cell parameters from [5]

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table 1

	Distance-dependent path loss
	L=I + 37.6 log10(.R), R in kilometers

: I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table 1 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image1.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image2.wmf]dB

3

q

 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	See Table 1

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speeds of interest
	3km/h, 30km/h, 120km/h, 350km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	UE power class
	21dBm (125mW). 24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


While most of the parameters in Table 2 are applicable to LTE-A evaluations, given the guidance provided in [6] we can focus performance evaluations to low speed cases (users in D1 and D3 scenarios have a speed of 3km/h). Also, we see value in non-uniformly dropping users in the lay-out, as discussed later. 
The categorization of new nodes is as follows:

· Pico cells

· Backhaul: X2

· Access: open to all UEs

· Pico cells are placed outdoors

· Home eNBs (femto cells)

· Backhaul: undecided, X2, S1 or none?
· Access: closed subscriber group (CSG) 

· Home eNBs are placed indoors

· Relays

· Backhaul: through the air-interface with a “macro-cell”

· Access: open to all UEs

· Note that repeaters can be seen as a L1 relays and relays are deployed out-doors
The transmit power of all these new nodes is lower than the macro-cells and is between 250mW and 1W. For the new nodes we propose the base-line parameters as shown in Table 3. 
Table 3. Baseline parameter for new nodes 

	
	Macro
	Pico
	Femto
	Relay

	
	
	
	
	Backhaul to Macro
	Access for UE

	Total Tx power (dBm)
	46
	30
	24
	30
	30

	Total # of antennas
	4 tx , 4 rx
	4 tx , 4 rx
	2 tx , 2 rx
	2 tx , 2 rx
	2 tx , 2 rx

	Antenna height (m)
	27
	5
	1.5
	5
	5

	Antenna azimuth pattern
	Sectorized
	Omni
	Omni
	Directional(*)
	Omni

	Antenna Gain + connector loss (dB)
	14
	3
	3
	7
	3

	Backhaul
	X2 (exponential 20ms delay)
	X2 ( exponential 20ms delay)
	X2 or S1, FSS
	N/A
	In band self-backhaul, + latency


(*) The antenna pattern for Relay nodes is FFS. As one option, commercially available planar antenna could provide an 18 dB front-to-back ratio with a size of less than 100mm x 100mm [7]. More advanced antenna configuration could also support autonomous beam-selection among multiple plannar antennas.
Note that the default distance based path loss model specified in Table 2 is based on the ITU-R M.1225 urban vehicular propagation model with the base station antennas 15 meters above the rooftop [8]. Since the new node antenna heights are much lower than those of the macro cells, new propagation models should be used. We propose to use the ITU-R outdoor to indoor model with base station antenna height close to the rooftop level for new node to macro UE links:




where:


R :
base station – mobile station separation (km)


f :
carrier frequency.

For the carrier frequency 2GHz, L = 40 log10 R + 148.03 dB.
The propagation model for the macro to relay link should also be revised since the formula in Table 2 only applies to typical UE antenna height of 1.5 meter. ITU-R vehicular test model indicates that an increase of antenna height from 1.5 to 5 meters leads to 3.57 dB reduction in path loss. Further increase in the relay antenna height could further reduce propagation loss from the macro base station to the relay node.
We propose to adopt the ITU-R indoor path loss model shown below for the home eNB to home UE link modelling: 




where:


R :
transmitter-receiver separation (m)


n :
number of floors in the path.

Detailed parameters such as the number of floors, the location of home eNB and home UEs in simulations are FFS.
2.1.2
Dropping of new nodes and UEs
The placement of new nodes in the system may yield different answers when performing system evaluations, therefore operator guidance on this aspect is important. Several clusters of cell types (e.g. City, hot spot, town, rural, free space etc) could be used to model the overlaying macro node deployment, which is planned deployment by the operators. If new nodes are deployed as enhancement for certain portions of the network, their deployment may be non-uniform. 

Also, traditionally UEs are uniformly dropped throughout the system lay-out [5]. The dropping of UEs into the system lay-out could be related to the dropping the new nodes. In that sense, non-uniform dropping of UEs may be more relevant in situations where the nodes, themselves, have been dropped non-uniformly. Other scenarios with non-uniform distribution of UEs may be Home eNBs scenarios where the baseline could be having a large concentration of UEs at small distance from the Home eNB (e.g. within 50m radius).

We, therefore, propose the following for dropping of repeaters/relays/picos:
· Random (uniform) dropping of pico nodes and UEs

· To mimic unplanned network expansion, such as home eNB without CSG.
· Random (uniform) dropping of new nodes, with correlated non-uniform dropping of UEs

· To mimic unplanned hot-spots

· Non-uniform dropping of new nodes, random (uniform) dropping of UEs 

· To mimic new nodes for cell coverage enhancement
· Non-uniform dropping of new nodes, with correlated non-uniform dropping of UEs 

· To mimic planned hot-spots

For Home eNBs studies, we propose evaluations with

· Separate carrier macro and femto deployment
· Clustered femto deployment
· Drop femtos within a cluster in a macro cell
· Random drop of UEs within X meters of the femto.
· House / apartment model
· Co-channel macro and femto deployment
· Same deployment model except that macro eNBs and macro UEs are interfering with the femto eNBs and femto UEs

· Details on resource partitioning between macro and femtos need to be studied
The number of new nodes placed in each macro-cell can be varied to identify the performance benefits for an increasing number of new nodes.  We propose simulating 1, 2, 4, 10 new nodes per macro cell.
In addition, it is important to stress the system reaction to varying cell load across the system coverage and to exercise how inter-cell interference management/coordination techniques adapt to different loading scenarios. This can be achieved by either non-uniform dropping of UEs and by exercising bursty traffic models, as discussed in the next section. 
2.2
Traffic models

The interference variations experienced in a deployment with full-buffer traffic are artificially limited. Therefore, we propose having evaluations with bursty traffic models. The burstiness of the traffic will change the interference landscape over time, as happens in real networks, and will enable evaluating the adequate performance of inter-cell interference management techniques. These techniques become of paramount importance for heterogeneous deployment scenarios. 
Therefore, we see necessary to depart from the “full-buffer only” evaluations and add evaluations for bursty traffic in the LTE-A studies. One relevant traffic model that is bursty in nature is http. While we understand the undesired long duration of http simulations, we ought to agree on a traffic model that can adequately capture the burstiness of traffic in any real network. 

In order to accelerate the simulation time while keeping the burstiness nature of the http traffic, we propose using a modified http traffic model with increased page size, to emulate further growth in multimedia content, and shortened read time to reduce the simulation time.
An alternative to the modified http traffic model is to have some Poisson-based traffic model that could be more easily simulated and that would bring the interference burstiness that is to be captured. More specifically, 

· A burst with fixed size S is used to model mobiles uploading/downloading a file with FTP, or sending/receiving an email attachment.

· The arrival of such bursts at each user is modeled as a Poisson process with arrival rate (
2.3 Comparison baseline and scenarios
In order to gain perspective of the actual benefits that these new nodes are bringing to the system performance we propose taking as baselines for comparison the following:

· Pico cells ( pico cells with default X2-based backhaul and interference management

· DL/UL coverage gap for “legacy” pico cell achieved by noise-injection (artificially increasing the pico cell receiver’s noise figure)

· Home eNBs ( Home eNB with Rel-8 ICIC mechanisms in co-channel deployments or FDM with the macro-cell lay-out
· The modelling of open and close subscriber groups has to be considered unless one of the two modes is eliminated

· Relays ( Repeater (non-demodulating node that amplifies the incoming signal blindly)

· Repeaters amplify signal and interference but do not add significant delay

The simulation scenarios that we propose evaluating are the following
· Macro + pico (LTE-A) vs. Macro (alone) and Macro + pico (LTE)
· Macro + relay (LTE-A) vs. Macro (alone) and Macro + repeater (LTE)
· Macro + Home eNBs (LTE-A) vs. Macro + Home eNBs (LTE).

2.4
Performance metrics

The meaningful performance metrics depend on the type of traffic model used for the evaluations. 

We propose:

· Full buffer traffic model
· Mean user throughput
· Throughput CDF

· Median and 5% worst user throughput

· Note that this is not adequate to model interference variations due to changes in the traffic load across the system and over time. Additional information on user throughput statistics such as CDF could also be evaluated.
· Bursty traffic model (modified HTTP model and/or Poisson model)

· A new metric of perceived throughput is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst. 

· For HTTP, the perceived throughput is the web page size divided by the download time.

· Average perceived throughput of a user is defined as the average perceived throughput for all bursts intended for this user. 
· Tail perceived throughput is defined as the worst 5% perceived throughput among all bursts intended for a user.

· User perceived throughput CDF (average and/or tail). 
· Median and 5% worst user perceived throughput (average and/or tail).
· Necessary to model traffic load variations within the system and over time

3
Conclusion

This contribution has raised the points where, in our opinion, an expansion of the current system evaluation methodology is necessary in the context of studies of heterogeneous networks. In summary the aspects to consider are categorized as follows:
· Details on heterogeneous system lay-outs

· Type of nodes and their parameters

· Rules for dropping of new nodes and UEs

· Relevant traffic models 

· Baseline for performance comparisons

· Simulation scenarios

· Performance metrics
We recommend discussing the above points and conclude on a set of meaningful scenarios to use on the evaluation of LTE-A technical proposals. 
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