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1. Introduction 
Support for high density deployment of small cells will be needed in order for their capacity to be as large as possible, as is desired in the small cell study [1].  Since small cells will commonly be deployed indoor, good models of high density indoor deployment are needed.  In this contribution, we compare the behaviour of two types of models available in 36.814 [2] for dense indoor deployments: those that model indoor walls explicitly, and simplified models that do not use explicit wall modelling.
2. Path Loss and Shadowing Models
The femto cell layouts are one of the most dense deployment scenarios in 36.814.  Consequently, they could be starting points for evaluation of high density small cells.  There are two types of indoor models in 36.814: those that model indoor walls and simplified models that do not explicitly model walls.  Because it is desirable to limit the number of models used in evaluations, we compare the models’ behaviour.  Since path loss and shadowing are likely to be the most dominant factors affecting system performance, in this contribution we only model these factors and compare the average signal to interference ratio resulting from the models. 
In Section A.2.1.1.2 of 36.814, two channel models are provided for the dual-stripe deployment scenario: “model 1” and “model 2”.  Since model 1 was used to set HeNB performance specifications in RAN4 [3], we focus on that model in this contribution.
The femto channel models in 36.814 explicitly model internal wall and floor losses or instead include these losses in the path loss and shadowing.  The models are shown in Table 1 and Table 2 below.  Comparing the two tables, we note that the simplified model uses a larger lognormal shadowing value, and that its path loss coefficient is larger than the dual stripe case when the UE is in the same stripe as the eNB.  These larger values help model the wall losses.
We consider two dense indoor deployment scenarios in this contribution: the dual stripe deployment and 5x5 grid deployment (see the Appendix or [3] for more details on these scenarios).  It should be noted that in Section A.2.1.1.2 of 36.814, the simplified model of Table 2 is specified for the 5x5 grid deployment scenario while the model of Table 1 is one of the channel models specified for the dual stripe deployment scenario.
Table 1: Multi-Wall Model Path Loss and Shadowing with Walls and Floors Modeled
	UE Location
	Path Loss
	Shadowing Std. Dev.

	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
	4 dB

	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
	

	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
	


Table 2: Simplified Model Path Loss and Shadowing
	UE Location
	Path Loss
	Shadowing Std. Dev.

	UE is within or outside the apartment block
	PL(dB) = 127+30log10(R/1000)

            = 37+30log10(R)

This is an alternative simplified model based on the LTE-A evaluation methodology which avoids modelling any inside walls.  External walls have a penetration loss of 20 dB.
	10 dB


Where:

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
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. 
Low is the penetration loss of an outdoor wall, which is 20dB.
Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
3. Simulations
We compare the behaviour of the two models in Tables 1 and 2 by simulating their average wide band SINR (“geometry”).  We consider the dual stripe and 5x5 grid deployment scenarios wherein only the small cells transmit.  Although it is different from the hetnet case for which the models were originally introduced, this case is consistent with the small cell scenario wherein different carrier frequencies are used for the small cells and a macro cell.  Also, in order to be more consistent with planned deployments, we restrict the small cell eNBs to be located at the center of the apartments.  Except for the absence of macro cell transmissions and the restricted small cell eNB locations, the deployment scenario for the dual stripe case follows Section A.2.1.1.2 of [2] and Section 4.2.1 of [3].  Likewise, the 5x5 grid deployment scenario is similar to the one described in Section 4.2.2 of [3] with the exceptions that small cell eNBs are placed at the center of the apartments and macro cells transmissions are absent.  For both the dual stripe and 5x5 grid deployment scenarios, we consider the path loss and shadowing of Table 1/Table 2 and compare the results.
CDFs of geometry for the multi-wall and simplified models are shown in Figure 1 and Figure 2 for the cases of dual stripe and 5x5 grid deployment scenarios, respectively.  Curves are provided for deployment ratios of 0.2, 0.5, and 0.8.  The activation ratio in the simulations is set to 100%.  In Figure 1, the left and right figures have results for one and six floors, respectively.  We first observe that in the case of dual stripe scenario, the two models produce significantly different results for both the single and six floor setups.  The median differences are on the order of 5 and 7 dB for the single and six floor cases, respectively.  At the 90% point, the differences are even larger: 5-14 dB for single floor, and 11-14 dB for the six floor results.  At the 90% point, we also see that the SINR for the multi-wall model varies notably more with the deployment ratio than the simplified model.  At the lower end of the CDF curves, the differences are -1.9 to 1.5 dB and 1.9 to 3.9 dB for the single floor and 6 floor cases, respectively.  We note that with a deployment ratio of 0.2, single floor case has significantly lower SINR.  This could be due to the UEs dropped outside the apartment blocks receiving little power from the strongest cell.  This behaviour may be an artefact of the simulation setup here, since we do not simulate a macrocell that could cover these UEs.  Similar observations are also made in Figure 2 for the case of 5x5 grid deployment scenario.  Specifically, the difference between the multi-wall and the simplified models at the median point in Figure 2 is in the order of 5 dB.  At the 90% point in Figure 2, the difference between the two models is in the range between 6 dB to 12 dB.
Figure 1: Geometry CDFs with Multi-Wall and Simplified Models for the Dual Stripe Deployment Scenario
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Figure 2: Geometry CDFs with Multi-Wall and Simplified Models for the 5x5 Grid Deployment Scenario
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To further illustrate the difference between the multi-wall model and the simplified model, we provide some example UE/Small Cell drop cases and show the different path losses predicted by the two models.  These examples are shown in Table 3.  Note that the UE and the Small Cell are assumed to be on the same floor in all three examples shown in Table 3.
Table 3.  Examples Illustrating the Difference between Multi-Wall and Simplified Models
	
	UE/Small Cell Drop Case
	Parameters
	Path Loss (excluding shadowing)

	
	
	
	Multi-Wall
	Simplified

	1
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	Tx-Rx Separation distance = 10 m, 2D indoor distance 10 m, number of inner walls penetrated = 1
	70.46 dB
	67.00 dB

	2
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	Tx-Rx Separation distance = 20 m, 2D indoor distance 20 m, Number of inner walls penetrated = 2
	88.48 dB
	76.03 dB

	3
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	Tx-Rx Separation distance = 30 m, 2D indoor distance 30 m, Number of inner walls penetrated = 3
	104.00 dB
	81.31 dB


Given the calculations in Table 3, we can roughly check the geometry behaviour above.  In Table 3, the path loss for one room separation is about 3.5 dB greater in the multi-wall model, and this difference grows to 12 and 23 dB for two and three room separations.  Since the multi-wall model has a median loss over 20 cm to 5m distance that is about 0.7 dB less than the simplified model, the median serving cell power should be about 0.7 dB greater for the multi-wall model.  Therefore, if we assume that the only interferers are (exactly) one room away, the median difference between the two models could be roughly around 0.7+3.5=4.2 dB.  If eNBs separated by more than one room cause significant interference, then we would expect even higher relative geometries for the multi-wall model due to its greater path loss for the multi-room separations.  Examining Figure 2, we see that the median difference is about 5.6 dB between the multi-wall and simplified models with Deployment Ratio of 0.8.  Therefore, the median differences in geometry appear reasonable given the models’ behaviours.
Since mechanisms for interference avoidance and coordination among small cells are to be studied [4], it is useful to examine statistics of the relative strength of the interferers.  One commonly used metric (e.g in RAN4 specification work on advanced receivers [5]) is the dominant interference proportion ratio, or “DIP ratio”.  The DIP ratio is defined [5] as the ratio of the power of a given interfering eNB over the total other cell interference power, and can be written as:
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Note that power from the serving cell, Îor1, is never included in any DIP calculation.

CDFs of the DIP ratios for the strongest 8 cells are shown in Figure 3 and Figure 4 for the cases of dual stripe and 5x5 grid deployment scenarios, respectively.  In Figure 3, the left plot shows the results for single floor while the right has results for 6 floors.  In both the single and 6 floor results depicted in Figure 3, the DIP ratio curves are much closer together in the simplified models than the multi-wall model. For example, at the median, there are 3 or 4 HeNBs with DIP ratios of -15 dB or more for the one and six floor models in the multi-wall case, but 4 or 6 HeNBs with DIP ratios of -15 dB or more for the simplified models.  A similar behavior is observed in the DIP results corresponding to the 5x5 grid deployment scenario (see Figure 4).  Hence, it can be seen that the number of dominant interfering HeNBs varies significantly between the two models.
Figure 3: DIP CDFs with Multi-Wall and Simplified Models for the Dual Stripe Deployment Scenario
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Figure 4:  DIP CDFs with Multi-Wall and Simplified Models for the 5x5 Grid Deployment Scenario
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4. Conclusions

We have examined interference statistics of two different modelling approaches for femto cell layouts as one example of the behaviour of high density indoor small cells.  In these densely deployed scenarios, we find that modelling indoor walls explicitly can produce substantially different geometry CDFs and different numbers of dominant interferers.  Our simulations found that the median and 90% geometries from the two modelling approaches can differ by 5-7 dB and 5-14 dB, respectively, depending on the deployment scenario, the number of floors and the femto deployment ratio simulated.  The results also show that the median number of dominant interferers with dominant interferer proportions of -15 dB or more can be 3-4 in the multi-wall case, but 4-6 in the simplified model.
Given the results in RAN 4 advanced receiver studies, where even macrocell measurements show that there tends to be a small number of interferers producing the preponderance of the total interference power [5], we are more inclined to believe the behaviour of the multi-wall model is more realistic.
We therefore conclude:

· Existing simplified path loss models may not accurately model interference power in high density indoor small cell deployments.

· Updated simplified models might be useful, as simplified models can often avoid over-parameterization.

· Multi-wall based channel models in 36.814 seem to be one reasonable approach to simulation of high density indoor small cell deployments.
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Appendix: RAN4 Femto Model Details
We excerpt the portions of the urban scenario and models from [3] that are relevant to path loss and shadowing here for reference.

HeNB Parameters

The HeNB parameters are proposed as follows:

Table 4. 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

	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 3 dBi or 5 dBi

	Exterior wall penetration loss
	10 or 20 dB

	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

	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


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 5). 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 5. 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 5.  A femtocell block
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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.

Channel Models 

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.

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

Table 6. 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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