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1.
Introduction
In RAN4#50bis, we propose the simulation assumptions and parameters to be used for the study of interference between LTE macrocells and femtocells in order to define the FDD HeNB RF requirements in [1]; and there were some comments on the proposal. In this paper, we provide the outcomes and suggestions from some discussion after the meeting, and propose some updates on the simulation assumptions and parameters.
2.
Discussion

The table below summarize the issues that have been discussed and the outcomes/suggestions from the discussion.

Table 1. Discussed issues on simulation assumptions and parameters

	Issue
	Original Comments
	Meeting Minutes

	Antenna gain at HeNB. 
	Since 5 dBi is the agreed upon LTE-A assumption in last September on HeNB, we should allow that value to be used. We also don’t want to penalize the HeNB when they are compared to WiFi access points.
	Allow both 0dBi and 5dBi, the selection of which may depend on which standards body the simulations are targeted to (eg. RAN1 or RAN4).

	UL overhead
	Since most HeNBs will have very few users (1 user in most cases), 2 RBs (360 kHz) should be more than enough for even the fastest CQI feedback rate (2ms). It’s not clear how to efficiently use 6 RBs (1.08 MHz) dedicated resources for single user feedback overhead.
	Agree to use 4 RBs as compromise. Note in the simulation assumptions that this avoids overlap between traffic channels and control channels on HeNBs and macro eNBs.

	Shadowing standard deviation
	Shadowing standard deviation should be larger when the simplified path loss model is used. Since no wall loss is modeled, the shadowing standard deviation should be 10 dB instead of 4 dB in that particular case.
	Agreed.

	LTE parameters (RAN4 discussion comment)
	Some of the parameters are taken from UMTS and do not reflect LTE. The specific example was that of the UE power (24 dbm Vs 23dbm)
	Agree to change to 23 dBm.  Note that in order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Bursty traffic is not handled for LTE (RAN4 discussion comment).
	Bursty traffic is not handled for LTE.
	Clarify in the simulation assumptions that burtsy traffic models should be looked at later, and that the associated model(s) to use need to be selected and documented later. Interested parties can start to consider which models to use.

	Indoor macro UEs  (RAN4 discussion comment)
	There was a concern expressed as to why all macro UEs are indoors.  Perhaps this needs clarification.
	The probability of a macro UE being indoors should be a parameter rather than being fixed at one, depending on the scenario being investigated.

	MIMO modes (RAN4 discussion comment)
	Is there a mechanism to deal with different MIMO modes (e.g. closed loop BF, STBC etc.)?
	Concern includes susceptibility to interference of different MIMO modes. Similar to bursty traffic case, this should be looked at after the initial studies - capture this in the simulation assumptions. Later simulation assumptions may include more definition of MIMO modes to consider etc.

	Minimum UE to HeNB separation (RAN4 discussion comment)
	Minimum UE to HeNB separation, supposed to be very close so there should be no minimum separation.
	Agreed that <1m could occur in practice. R4-071151 could be used for MCL calculations in this case.


3.
Simulation assumptions and parameters
Here we provide some updates on the simulation assumptions and parameters according to the outcomes above.

3.1
Macrocell Parameters

The macrocell parameters are proposed as follows:

Table 2. Macrocell system assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	Inter-site distance
	500 m or 1732 m

	Number sites
	19 (=57 cells) or 7 (=21 cells) with optional wrap-around.

	Carrier Frequency
	2000 MHz

	Distance-dependent path loss
	See section 5.2

	Shadowing standard deviation
	8 dB (see section 5.3)

	Auto-correlation distance of Shadowing

(optional)
	50 m (see section 5.3)

	Shadowing correlation
	Between cells
	0.5 (fixed, see section 5.3)

	
	Between sectors
	1.0 (see section 5.3)

	Penetration Loss (assumes UEs are indoors)
	10dB or 20dB (see section 5.2)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	See section 5.1

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Number of BS antennas
	2 Rx, 2 Tx

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Number of UE antennas
	2 Rx, 1 Tx

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

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

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


	Traffic model
	Full buffer initially with 10 UEs per sector.

Other traffic models (e.g. bursty traffic models) should be looked at later, and that the associated model(s) to use need to be selected and documented.

	UE distribution
	UEs dropped with uniform density within macro coverage area, subject to a minimum separation to macro and HeNBs.
The probability of a macro UE being indoors should be a parameter rather than being fixed at one, depending on the scenario being investigated.

	Minimum distance between UE and cell
	>= 35 m

	UE speeds of interest
	3 km/h

	Fading model
	Ray based or correlation matrix based (see section 4.3)

	DL Receiver Type
	MRC (single stream) or MMSE (multiple streams). Multiple streams MIMO is optional.

Other MIMO modes should be looked at after the initial studies.

	UL Receiver Type
	MRC.


3.2
HeNB Parameters

The HeNB parameters are proposed as follows:

Table 3. HeNB system assumptions

	Parameter
	Assumption

	HeNB Frequency Channel
	Either same frequency and same bandwidth as macro layer, or adjacent channel and same bandwidth as macro layer

	Min separation UE to HeNB
	20 cm [2]

	Number Tx antennas HeNB
	1 (baseline)

2x2 MIMO is optional

Other MIMO modes should be looked at after the initial studies

	Number Rx antennas HeNB
	2

	HeNB antenna gain
	0 dBi or 5 dBi

	Exterior wall penetration loss
	10 or 20 dB (See section 5.2)

	Interior path loss model
	See section 5.2

	Interior to Exterior path loss model
	See section 5.2

	Exterior path loss model HeNB to UE
	See section 5.2

	Log-normal shadowing standard deviation
	4 dB

10 dB in the simplified model in the Urban case when no internal walls are modelled (See section 5.2)

	Shadowing auto-correlation distance for HeNB (optional)
	3 m

	Noise figure HeNB
	8 dB

	Min/Max Tx power HeNB
	0/20 dBm

	Carrier bandwidth
	10 MHz

	Number RBs for PUCCH
	4

	Number of symbols for PDCCH
	3


4.
HeNB Deployment modelling 

4.1
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 [2]

	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 1.
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Figure 1. Macro and HeNB Geometry
4.2
Dense HeNB Deployment Modelling

4.2.1
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 2). 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 2. 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%
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 Figure 2. A femtocell block

Macro UEs are dropped uniformly and randomly throughout the sector. 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. 

4.2.2
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 [2].

5.
Channel Models 

5.1
Antenna Patterns

The azimuth antenna pattern of the macro is modelled as:
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where 
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 = 70 degrees,  Am = 20 dB.

The azimuth antenna patterns for UEs and HeNBs are assumed to be omnidirectional.

5.2
Pathloss Models

Pathloss models for the suburban and urban deployments are described in the following. 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 in [2]:
PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor
5.2.1
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)  [19]

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), the path loss modeling takes account of [2] and [3]. 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.

5.2.2
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. 

5.3
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.

5.4
Fast Fading Models

Depending on the interference analysis methodology, fast fading may or may not be modelled. For modelling in line with RAN4 coexistence study assumptions, fast fading channel is not modelled between the BS and UE. However more detailed models may include fast fading.

Both time and angular dispersion properties can be modelled for the fast fading. Two approaches to modelling the fast fading are defined: one is a ray-based model, and the other is an approach based on the use of pre-computed correlation matrices.
6.
Scheduler

The baseline scheduler for initial simulations is the round robin scheduler.

For final evaluations, more complex proportional fair + frequency domain type scheduling schemes may be assumed.

7.
Conclusions

We have proposed in this paper a set of updated simulation assumptions and parameters to be used for the study of interference between LTE macrocells and femtocells. We recommend RAN4 to approve these assumptions and parameters in order to facilitate the alignment of the simulation results, and define the FDD HeNB RF requirements accordingly.
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