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1. Introduction
TR 36.814 currently provides Heterogeneous deployment consisting of categorization and some details of new low power nodes and Heterogeneous system simulation baseline parameters. Also a great number of efforts have been made in the range of RAN4, which efficiently build up and clarify some scenarios and parameters. 
In this contribution, we discuss the need of supplying the unfinished description of system simulation assumptions for Het-Net and also manage to clarify some conflicts issues between the existing parameters in TR 36.814 and RAN4’s conclusion for further evaluation and other relative work. 
2. Scenario Definition
2.1. Current Scenario Definitions in RAN4 and RAN1
In RAN4’s approved [1], the scenario of Pico is defined as below,
Pico radio scenarios have these characteristics: relatively large coverage, dense user population, easy and flexible installation, and large capacity data service. Pico BS is typically used in indoor offices, indoor hotspots, outdoor hotspots, or dense blocks, and is located on the walls, the ceilings, or the masts.
From RAN4’s perspective, there are four typical Pico scenarios including indoor and outdoor, which may need different system model and interference scenarios to support further study.
Also, in RAN4’s approved [2], the scenario of Home is defined as below,
In TR 25.967, a number of different deployment configurations have been considered for FDD Home NodeB, including:

· Open access or CSG (Closed Subscriber Group)

· Dedicated channel or co-channel

· Fixed or adaptive (DL) maximum transmit power

Considering different practical applications, such as femto home cells with CSG and femto school cells with open access, RAN1 may also need to evaluation them respectively. 
However, in RAN1’s TR 36.814 [3], only three types of heterogeneous nodes are defined for system simulation: RRH/Hotzone, Femto, and Relay as below,
Table 1. Categorization of new nodes in 36.814

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH) cells
	Several µs latency to macro
	Open to all UEs
	Placed outdoors

	Hotzone cells
	X2
	Open to all UEs
	Placed outdoors

	Femto cells
	FFS
	Closed Subscriber Group (CSG)
	Placed indoors

	Relay nodes
	Through air-interface with a macro-cell (for in-band RN case)
	Open to all UEs
	Placed outdoors



Note: The reference to Femto cells in this TR and its corresponding characteristics is applicable to evaluations in this TR only. 
It is not very clear yet whether Pico cells belong to any categorization since this node would be placed outdoors and indoors. The similar situation occurs to Femto cells with different access as well. One consideration is that in RAN1, typical scenarios should be built up for convenient and general discussion and evaluation; the other side is that operator needs more information for their concerned application which may not yet be included in the current categorization, not be evaluated either. Also some of categorizations of new low power nodes are not so detailed. 
2.2. Proposal to categorization in [3]
In light of the current scenarios definition and need for further study in RAN1, we propose to have more detailed categorization table which is shown as Table 2. Firstly, scenario definition in different work groups needs to be unified. If the scopes are different, more scenarios should be added and sub-scenarios are also necessary for specific deployment models and corresponding channel models.
For typical research scenarios, priority of research is also listed with that Indoor Pico office, Femto and Relay can be discussed preferentially. Channel models for some scenarios have been discussed, such as for relay node. For establishing channel model easily, the possible channel models and its difference compared with the current channel model are also listed in Notes. Considering interference of Femto cells with open access or hybrid access could be quite similar to indoor pico cells, this scenario is not presented in this table. 
Table 2. Categorization of new nodes in our proposal

	
	Backhaul
	Access
	Notes
	Priority of research

	Remote radio head (RRH) cells
	Several µs latency to macro
	Open to all UEs
	Placed outdoors
Channel model is similar to relay, except for antenna height
	2

	Outdoor Pico cells
	X2
	Open to all UEs
	Placed outdoors, RF planning, similar to Macro eNB, except for its lower power 

Channel model is similar to relay, except for antenna height

e.g. plaza
	3

	Indoor Pico Office cells
	X2
	Open to all UEs
	Placed indoors, RF planning, similar to Macro eNB, except for its lower power 
Channel model is different from Indoor Pico Hall cells

e.g. office
	1

	Indoor Pico Hall cells
	X2
	Open to all UEs
	Placed indoors, RF planning, similar to Macro eNB, except for lower power 

Channel model is different from Indoor Pico Office cells
e.g. Super market, gymnasium, factory
	3

	Femto cells
	S1/X2*
	Closed Subscriber Group (CSG)
	Placed indoors, no RF planning

Only CSG is considered, because OSG/Hybrid cell could be similar to Indoor Pico cells.

e.g. apartment, house
	1

	Relay nodes
	Through air-interface with a macro-cell (for in-band RN case)
	Open to all UEs
	Placed outdoors
	1


*the backhaul of Femto is not defined yet, while the preferable choice is S1 or X2.
3. Parameters for evaluation scenarios
In this section, the current approved evaluation parameters (from both RAN1 and RAN4) and some suggestions, such as total TX power, Noise figure of new nodes and channel model, are given in Table 3. More details are attached in Annex. 
Table 3 Parameters for evaluation scenarios
	
	Deployment model
	Path loss from new nodes to UE
	Total TX power of new nodes
	Noise figure of new nodes
	Channel model from new nodes to UE

	Remote radio head (RRH) cells
	FFS
	similar to relay, except for antenna height
	30

Already defined in TR 36.814
	5

Value of Macro eNB can be used temporarily
	ITU.EVAL UMi model can be used

	Outdoor Pico cells
	FFS
	similar to relay, except for antenna height
	30

Already defined in TR 36.814
	5

Value of Macro eNB can be used temporarily
	ITU.EVAL UMi model can be used

	Indoor Pico Office cells
	Approved in RAN4[4]
Annex 7.1.1
	Approved in RAN4[4]
Annex 7.2.1
	24[6]
	5

Value of Macro eNB can be used temporarily
	ITU.EVAL InH model can be used *

	Indoor Pico Hall cells
	FFS
	WINNER II B3 model can be used
	24

Value of Indoor Pico Office cells can be used
	5

Value of Macro eNB can be used temporarily
	WINNER II B3 model can be used

	Femto cells
	Approved in RAN4[5]
Annex 7.1.2
	Approved in RAN4 [5]
Annex 7.2.2
	20 

Already defined in TR 36.814
	13[7]
	ITU.EVAL InH model can be used *

	Relay nodes
	Already defined in TR 36.814
	Already defined in TR 36.814
	30/37 

Already defined in TR 36.814
	5 

Already defined in TR 36.814
	ITU.EVAL UMi model can be used


Note: The parameters above may need further study in RAN4. Before that, temporary value can be used. 
* WINNER II A1 model can also be considered.

4. System performance metrics
For future evaluation work, system performance metrics are important to make results comparisons possible. But before the details of metrics, we need to consider what heterogonous network would be like and what benefit we can achieve from our designs. So a number of basic principles of performance metrics definition need to be discussed first:

· Methods presenting the performance enhancement of heterogonous network compared with traditional homogenous network.

· With introduction of heterogonous network, performance of macro cell will not be degraded much. So correspondingly the performance metrics of homogenous network may also be needed.
· Different performance metrics corresponds to different scenarios. For example, performance metrics for femto and pico need to be different.

· Different performance metrics corresponds to different channels. For example, performance of metrics for control channel and traffic channel need to be different.

5. Conclusion
According to RAN4 and RAN1 current definitions and discussion for evaluation scenarios, parameters and performance metric, we propose adding more details to TR36.814 and further studying on the following topics:
· More detailed scenarios need to be defined, e.g.:
· RRH

· Outdoor Pico

· Indoor Pico Office

· Indoor Pico Hall

· Femto

· Relay

Indoor Pico Office, Femto, and Relay are proposed to be studied with higher priority.
· Some parameters for evaluation scenarios have been defined in RAN4 and others are suggested in this contribution, which need to be discussed further. 
· Basic principles of performance metrics definition need to be discussed first:
· Methods presenting the performance enhancement of heterogonous network compared with traditional homogenous network.

· With introduction of heterogonous network, performance of macro cell will not be degraded much. So correspondingly the performance metrics of homogenous network may also be needed.

· Different performance metrics corresponds to different scenarios. For example, performance metrics for femto and pico need to be different.

· Different performance metrics corresponds to different channels. For example, performance of metrics for control channel and traffic channel need to be different.
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7. Annex
7.1. Deployment model approved in RAN4
7.1.1 Indoor Pico Office deployment
A model indoor environment is specified below and consists of a large office building with an open floor plan layout. Figure1 shows a diagram of the environment. The parameters of the Pico environment are the following:

· building size = 100 x 100 meters
· room size = 23 x 20 meters
· corridor width = 4 meters

Figure1 Pico deployment
[image: image1.png]



· Macro-Pico deployment
The hexagonal cells represent the macro cells and the indoor systems have been mapped onto the macro cells. The indoor layout has been adopted from section 7. A certain number of indoor systems are dropped within the macro coverage area with a random uniform distribution.
Figure 2. Macro-Pico deployment
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7.1.2 Femto Home deployment
· Suburban modelling

HeNBs are dropped within the macro coverage area with a random uniform distribution, subject to minimum separation to the macro sites. The density of HeNBs per macro cell will be a variable in the simulations. Each of the dropped HeNBs is assumed to be “active” i.e. there is at least one active call. A suburban type deployment is considered where each HeNB is modelled as a (2 dimensional) rectangular house. Within each house the HeNB and HeNB UEs are randomly dropped within a specified distance of the centre point of the house. All macro UEs are assumed to be indoors.  A macro UE may be within a HeNB house.

The details of the suburban model are proposed as follows:

Table 4. Suburban HeNB modelling parameters

	Parameter
	Value

	House size
	12x12 m

	House+Lot size
	(12f) x (12f) m with f chosen to give desired probability of HeNB UE being outdoors when randomly dropped in total area of house plus lot.

	Probability HeNB UE outdoors
	10%

	Macro UEs allowed in HeNB house
	Yes, macro UEs are randomly dropped within macro indoors coverage area, and a macro UE may happen to be dropped within the 12x12 m HeNB house

	Allow HeNB houses+lots to overlap
	No

	Minimum separation UE to HeNB
	20 cm

	Minimum separation HeNB to macro BS
	35 m

	Number of active HeNB UEs per femtocell
	1

	Distribution of HeNB houses
	Random uniform within macro coverage area, subject to minimum separation to macro BS and non-overlapping constraint.

	Distribution of HeNB UE within HeNB house
	Random uniform, subject to minimum separation to HeNB

	Distribution of HeNB within HeNB house
	Random uniform


An example of the suburban model is illustrated in Figure 3.

Figure 3. Macro and HeNB Geometry
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· Dense HeNB Deployment Modelling

· Dual Stripe Model

In a dense-urban HeNB modelling, each block represents two stripes of apartments, each stripe has 2 by N apartments (N is 10 in the example illustrated in Figure 4). Each apartment is of size 10m X 10m. There is a street between the two stripes of apartments, with width of 10m.  Each femtocell block is of size 10(N+2)m X 70m. This is to make sure that the HeNBs from different femtocell blocks are not too close to each other. In each macro cell sector, one or several femtocell blocks are randomly dropped. It is assumed that the femtocell blocks are not overlapping with each other.  

Each femtocell block has L floors, L is chosen randomly (L could be a number between 1 and 10).  If more than one femtocell blocks are dropped, each femtocell block can have different number of floors.

To simulate the realistic case that an apartment may not have a HeNB, we use a parameter named “deployment ratio” to determine whether an apartment is deployed with a HeNB or not. If the deployment ratio is 0.2, in our example, it means that on average, each floor has 8 (=0.2*40) HeNBs and each block has 8L HeNBs. The occupation ratio can vary from 0.0 to 1.0. Another parameter called “activation ratio” is defined as the percentage of active HeNBs. If a HeNB is active, it will transmit with suitable power at the traffic channel. Otherwise, it will only transmit the control channels. Activation ratio can be from 0 to 100%. A femtocell block is illustrated in Figure 4. An example parameter table is provided as follows:

Table 5. Urban-dense HeNB modelling parameters

	N (number of cells per row )
	10

	M (number of blocks per sector)
	1

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.2

	P (activation ratio)
	50%

	Probability of macro UE being indoors
	80%


Figure 4. A femtocell block

[image: image4.emf]10 m

10 m

10 m

10 m

10 m


80% of macro UEs are assumed to be indoors.  Macro UEs are dropped uniformly and randomly throughout the indoors/outdoors macro coverage area. It’s possible that some Macro UEs will be dropped into the femtocell area. It is assumed that there is one HeNB UE per femtocell, which is dropped randomly in the active femtocell. The HeNB is also randomly placed in each femtocell. 

· 5x5 Grid Model

An alternative simple HeNB cluster model has been defined as follows. We consider a single floor building with 25 apartments. The apartments are 10mx10m and are placed next to each other on a 5x5 grid on each floor. In addition, we assume that with probability p, there is a HeNB in each apartment. This probability represents the density of HeNB deployment. For the apartments that have a HeNB, the HeNB and UE are dropped randomly and uniformly in the apartment with a minimum separation of 20 cm.

7.2. Path loss model approved in RAN4
7.2.1 Path loss from Indoor Pico Office to UEs

When a carrier frequency of 2000MHz is used.
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· Where:

· R：transmitter-receiver separation given in meters
· f：the carrier frequency given in MHz

· n：number of penetrated walls
· Pi：loss of wall number i
To be convenient for simulation, according to the parameters given for office environment in ITU-R P.1238, the indoor path loss model is represented by the following formula when considering a carrier frequency of 2000 MHz.
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where:


R = transmitter-receiver separation given in metres
Slow fading deviation in Pico environment is assumed to be 6 dB.
7.2.2 Path loss from Femto Home to UEs

The path loss models shall apply when the Tx-Rx separation is larger than or equal to 1m, otherwise the following formula shall be used with no shadowing, which gives similar results to the 2 GHz measurements:

PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor
· Suburban deployment

The path loss models for suburban deployment are proposed as follows:

Table 6. Path loss models for suburban deployment

	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =128.1 + 37.6log10R, R in km [18]

             = 15.3 + 37.6log10R, R in m

	
	(2) UE is inside a house
	PL (dB) =15.3 + 37.6log10R + Low, R in m [19]

	UE to HeNB
	(3) UE is inside the same house as HeNB
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46) 
R and d2D,indoor are in m 

n is the number of penetrated floors

In case of a single-floor house, the last term is not needed

	
	(4) UE is outside
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low
R and d2D,indoor are in m

	
	(5) UE is inside a different house
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low,1 + Low,2
R and d2D,indoor are in m


R is the Tx-Rx separation

Low is the penetration loss of an outdoor wall, which is 10dB or 20dB.

In Case (3), the path loss is modeled by free space loss, penetration loss due to internal walls and floors. The loss due to internal walls is modeled as a log-linear value, equal to 0.7dB/m.  

In Case (4), d2D,indoor is the distance inside the house.

In Case (5), d2D,indoor is the total distance inside the two houses. Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.

· Urban deployment

The path loss models for urban deployment are proposed as follows:

Table 7. Path loss models for urban (dense apartment) deployment

	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PL (dB) =15.3 + 37.6log10R, R in m

	
	(2) UE is inside an apt
	               PL (dB) =15.3 + 37.6log10R + Low, R in m

	UE to HeNB
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB


	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and HeNB

In case of a single-floor apt, the last term is not needed

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 



	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB



	
	(6) Dual-stripe model or 5x5 Grid Model: UE is within or outside the apartment block


	PL(dB) = 127+30log10(R/1000)

R in m

This is an alternative simplified model based on the LTE-A evaluation methodology which avoids modelling any walls. 


Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 
· Shadowing Models

Log-normal shadowing applies to all links. For links between a HeNB and a UE served by this BS, the standard deviation is assumed to be 4dB (10dB in the simplified model in the Urban case when no internal walls are modelled). Otherwise for all other links (including interference links) the standard deviation is 8dB.

Correlated shadowing is applied. The baseline models the shadowing correlation from one UE to multiple BS, and assumes no shadowing correlation from one BS to multiple UEs no matter how close the UEs are located.

Optionally shadowing correlation from one BS to multiple UEs can be modelled as a function of separation between UEs. In this case the auto-correlation distance for macro BS is assumed to be higher (50m) than for HeNB (3m).

Note that different methods for generating correlated shadowing exist.
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