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1
Introduction
Scenario # 2b - indoor small cell deployment on a dedicated carrier in the presence of macrocell on another carrier and Scenario #3 - indoor small cell deployment in absence of macrocells are amongst the agreed-upon scenarios for small cell enhancement study [1]. Evaluation methodology for Scenario #2b and #3 for small cell deployment in hotspot environments (such as malls) based on ITU indoor hotspot model is provided in [2]. In addition, it is also agreed in [2] to evaluate these scenarios using dual-stripe model [3].

Considering that dual-stripe model can simulate effects of internal and external building walls and floor losses for modeling indoor and outdoor links, it is well-suited for indoor small cell studies. In this contribution we describe the details of the dual-stripe model for indoor small cell studies in urban environments. In order to improve the modeling accuracy, we also propose a few amendments to the dual-stripe model. We also discuss a few potential areas where the macro cell to UE modeling could be improved under dual-stripe model framework and recommend further studies in this area.
2
Proposal for Amendments to Dual-Stripe Channel Model
2.1 Small cell to UE link modeling
The existing dual-stripe model [3] for small cell to UE links is provided as reference in the Appendix. In this section, we propose modifications to this model. Path loss model equations for indoor small cell to UE links for different UE location scenarios (indoor, outdoor, or in a different building) are provided below. 
2.1.1 UE inside same apartment stripe/building as small cell

For the existing dual-stripe model, the small cell to UE path loss model is given by 

PL (dB) = 38.46 + 20 log10R + 0.7 d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
This consists of four components: 
i. distance dependent free space path loss term:  38.46 + 20log10R  
ii. indoor distance dependent attenuation that models penetration loss of walls within an apartment (0.7 d2D,indoor)  
iii. floor loss term (18.3 n ((n+2)/(n+1)-0.46))   
iv. penetration loss from walls between apartments (q*Liw) 
The terms ii) and iv) capture the loss due to walls inside the building, ii) corresponding to walls within a 10m x 10 m unit (apartment/office) and iv) corresponding to walls separating the units. The model parameters need to be chosen carefully so that the aggregate effect of these losses is captured with reasonable accuracy. 5 dB per loss (Liw) for internal walls is widely accepted [8], [9]. However, the linear loss term (0.7 d2D,indoor) is modeled differently in the literature. For example, a loss of 0.62* d2D,indoor  is used in a simplified model (without modeling internal walls) in COST-231 recommendations [7]. For an equivalent scenario for indoor to outdoor propagation, 0.6 dB/meter loss is used in [7] and 0.5 dB/meter loss is used in WINNER model A2 [8]. This suggests that to capture effects of internal walls with better accuracy, the dual-stripe model should use a lower linear path loss term. Considering this, we  recommend the use of the following model (with smaller linear loss term):

PL (dB) = 38.46 + 20 log10R + 0.3 d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
This correction is compared along with the existing models with models proposed in [7] in the figure below – as can be seen from the figure the corrected model gives a better fit to the models in [7] especially at longer distances where it corrects the bias from the current model.
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2.1.2 UE is outside the apartment stripe/building (outdoor UE)
For the existing dual-stripe model, the small cell to outdoor UE path loss model is given by:

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
 It consists of five components: 
i.  distance dependent path loss term (e.g., max(15.3 + 37.6log10R, 38.46 + 20log10R))  
ii. indoor distance dependent attenuation that models penetration loss of walls within an apartment (0.7d2D,indoor)  
iii. floor loss term (18.3 n ((n+2)/(n+1)-0.46))   
iv. Penetration loss from walls between apartments (q*Liw)  
v. Building penetration loss term (Low).
While(i), (iv) and (v) accurately capture various propagation effects, we propose corrections to the terms (ii) and (iii).

Based on discussion in the earlier section for modeling internal wall losses, we propose to use 0.3 dB/meter linear loss instead of  0.7 dB/m for the term (ii). 
Additionally, the floor loss modeling is ambiguous and  inaccurate. While ray tracing can be used to compute the number of floors (‘n’) penetrated by a signal traveling from a small cell to UE, it can give incorrect results. For example, consider a small cell (SC) on the fifth floor and an outdoor UE on the ground floor. While ray tracing gives number of penetrated floors to be two (solid line), the signal can also travel through other paths (e.g., the dotted line) via building’s external wall and other openings (e.g., windows, balcony). Therefore, counting floor loss towards the path loss can give inaccurate results.
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Figure 1 Indoor Small Cell (SC) to Outdoor UE Link

The indoor to outdoor model with floor loss component was proposed in [4] based on [5] and [6]. However, both [5] and [6] use floor loss component for path loss computation only for links between indoor small cell and indoor UE and not for an outdoor UE link. Higher path loss experienced by an outdoor UE is captured through the use of higher path loss exponent [6].  The existing model indeed has higher path loss exponent for outdoor UE link compared to an indoor small cell to indoor, same apartment building UE link (exponent of 3.76 vs. 2.0). Thus, floor loss should not be modeled separately for indoor small cell to outdoor UE link. Therefore, we propose the following amended model (i.e., without floor loss component for outdoor UE link): 
PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.3 d2D,indoor + q*Liw + Low
where q is the number of walls separating apartments between UE and small cell, 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.
2.1.3 UE is inside a different apartment stripe (different building)
Existing model combines elements of small cell to indoor UE in same building and small cell to outdoor UE links for modeling the link between small cell and UE in another building. Following this methodology and in light of the modifications proposed in earlier sections, following model is proposed for the link between a small cell and UE in a different building:
PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.3 d2D,indoor + q*Liw + Low,1 + Low,2 

where Low,1 and Low,2 are the penetration losses of outdoor walls for the two buildings.

2.1.4 Log-normal shadow fading

Log-normal shadow fading is modeled on all links. Standard deviation for this log-normal shadowing is based on existing model [3], i.e., 4 dB for link between a small cell and a UE in the same apartment and 8 dB for all other links.
2.2 Macrocell to UE link modeling
Depending on small cell deployment scenario, i.e., co-channel with macro or on separate frequency, macrocells influence coverage, interference, mobility and other performance aspects of small cell deployments. Therefore, along with accurate modeling of small cell to UE links, an accurate model for macrocell to UE link is also needed to study small cell deployments. 

Dual-stripe model incorporates two models for macrocell to UE links: Model 1 derived from 3GPP case 1 scenario and Model 2 derived from ITU UMa scenario. Both models distinguish between indoor and outdoor UEs and apply building penetration loss to indoor UEs. We re-evaluate Model 1 in this contribution and compare it with measurements from commercial macro networks. 
Figure 2 shows cumulative distribution function (cdf) of path loss of an outdoor UE to its serving macrocell (based on best DL) and Figure 3 shows corresponding RSSI from the best macrocell
. As evident, the median path loss for an outdoor UE to its serving cell is ~90 dB and signal strength from the serving cell is ~ -45 dBm. For comparison, Table 1 provides median serving cell median RSSI observed in three different commercial UMTS networks (two in Europe, one in USA) having similar characteristics such as ISD of Model 1. 
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Figure 2: Simulation Model: Outdoor UE to Serving Macrocell Path Loss
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Figure 3 Simulation Model: Outdoor UE to Serving Macrocell RSSI

Table 1 Field Measurements: Outdoor UE median RSSI from serving cell
	Network
	Outdoor UE Median RSSI [dBm]

	1
	-65

	2
	-63

	3
	-68


Comparing simulation data with field data, it is evident that Model 1 overestimates the RSSI or equivalently underestimates the path loss from macro to outdoor UE link. Field data suggests that RSSI can be 15-20dB lower than what is predicted by the simulation model. Given that macrocell to indoor UE link is modeled based on macro to outdoor UE path loss model plus building penetration loss, this analysis suggests that even path loss for indoor UE links is underestimated. Similar conclusion can be reached when comparing Model 2 with field measurements as well. Therefore, we propose to re-evaluate macrocell to UE link models for small cell studies. 
3 
Conclusions

In this contribution, the use of dual-stripe channel model for studying small cell enhancements for indoor deployments is described. Some modifications on small cell to UE link modeling are proposed to the dual-stripe model to improve its accuracy. Further discussion is recommended for modeling of macrocell to UE links owing to mismatch observed in simulated path loss and field data. 
Proposal 1: Use dual-stripe channel model for indoor small deployment analysis with some modifications. Specifically, (i) the slope of the linear loss term should be reduced from 0.7 to 0.3 (ii) path loss modeling for small cell to outdoor UE and small cell to indoor UE in different building should be modified by removing the floor loss computation.
Proposal 2: Evaluate macrocell to UE link modeling for small cell studies and modify the model as needed to enable more accurate analysis of small cell deployments.
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Appendix 

A.1 Dual-Stripe Model for Urban Deployments [3]
	Cases
	Path Loss (dB)
	Fast Fading(when fast fading in both frequency and spatial domains is modeled)

	UE to macro BS
	(1) UE is outside PL(R)
	Model1:

PL (dB) =15.3 + 37.6log10R, R in m
Model2:

PLLOS(R)= 30.8+24.2log10(R) 
PLNLOS(R)= 2.7+42.8log10(R) 
For 2GHz, R in m.

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	
	(2) UE is inside an apt
	Model1:

  PL (dB) =15.3 + 37.6log10R + Low, R in m
Model2:

PLLOS(R)= 30.8+24.2log10(R) + Low
PLNLOS(R)= 2.7+42.8log10(R) + Low
For 2GHz, R in m
Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	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
	InH, LOS or NLOS depends on whether line-of sight from UE to HeNB;



	
	(4) Dual-stripe model: UE is outside the apt stripe
	Model 1: 

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
Model 2:

PL (dB) = max(2.7+42.8 log10 R, 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 


	InH (NLOS)

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	Model 1:

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 
Model 2:

PL(dB) = max(2.7+42.8 log10 R, 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


	InH (NLOS)


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.
� Assumptions: 10 deg. antenna downtilt, 43 dBm macro Tx power.
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