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1 Introduction

In RAN1#72, scenarios and general evaluation assumptions for small cell enhancements-physical layer were discussed [1]. Based on the online discussion and the email discussion on 3GPP RAN1 email reflector, the agreed evaluation assumptions are captured in [7]. The remaining details of evaluation assumptions are mainly about the dual-stripe channel model for indoor small cells. In this contribution, we discuss major issues on this channel model and try to illustrate its feasibility in evaluation of indoor small cell scenarios. 
2 Consideration on dual-stripe channel model
Dual-stripe channel model was firstly proposed in [2], and later was modified and included in [3], which is designed to model indoor small cells with explicit modeling of walls and floors. From the description in [3] we can see that two major links exist in dual-stripe model, one is the small cell to UE link while the other is macro cell to UE link. In the following, we try to figure out whether these links are modeled appropriately for further system level evaluation.
2.1 Small cell to UE link modeling

2.1.1 UE is inside the same apartment stripe as small cell
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 is the number of penetrated floors.

· 
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 is the number of walls separating apartments between UE and small cell.

· In case of a single-floor apartment, the last term is not needed.

According to  Eq. (1.1), LoS/NLoS is not explicitly modeled in current dual-stripe path loss model for the indoor links. However, we consider it is necessary to explicitly model LoS especially when the UE and eNB are located in the same room. To illustrate the necessity, path loss of different models is shown in Figure 1. A modified dual stripe model proposed in [4] is also considered, where the terms 0.7d2D,indoor is replaced by 0.3d2D,indoor . 
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Figure 1: path loss of different model
From Figure 1, we can see that the path losses of original and modified dual stripe models are both larger than free space path loss. However, this is not reasonable at short distance considering the room gain, where room gain is caused by multiple rays of reflection and the resulted path loss should be smaller than free space. It tends to happen when both transmitter and terminal are in the same indoor space [5]. We can find such modeling also in ITU model, where LoS probability is 100% when the distance is no more than 18m. Therefore, explicit LoS modeling for large scale fading should be considered in dual stripe model and the detail is FFS.

The first part in Eq. (1.1) indicates that carrier frequency of 2GHz is used to derive the model, and from [6] we can see that the key parameters are obtained from the measurement results at 900 MHz and 1800 MHz. Therefore, whether these parameters are still applicable to higher frequency, e.g., 3.5 GHz, needs to be studied.
Proposal 1:

· Explicit LoS modeling for large scale fading should be considered in dual stripe model and the detail is FFS.
· Further study is needed whether the current dual stripe model is applicable to higher frequency, e.g., 3.5 GHz.
2.1.2 UE is outside the apartment stripe
As analyzed in[4], counting floor loss based on the direct path between transmitter and receiver could give inaccurate results, since part of the signals from small cell may travel through other paths (e.g., windows). Therefore, further discussion on the modeling of indoor small cell to outdoor UE link is necessary. In [4], it is proposed that path loss modeling for small cell to outdoor UE and small cell to indoor UE in a different building should be modified in terms of floor loss computation, and it is suggested that the term of floor loss should be removed from the path loss determination for small cell to outdoor UE and small cell to indoor UE in different building.
2.1.3 UE is inside a different apartment stripe

Similar to the analysis above and in [4] , the impact of direct sum of floor loss and indoor linear attenuation should be studied in order to find whether the path loss of the link between small cell and UE in a different apartment stripe is overestimated.

 Proposal 2:

· Floor loss should be removed in the path loss determination for small cell to outdoor UE and small cell to indoor UE in a different building. 
2.2 Macro cell to UE link modeling

2.2.1 UE is outside an apartment

The channel model for macro cell to outdoor UE defined in [3]  is shown as below:

Model1:

PL (dB) =15.3 + 37.6log10R
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.2)

Model2:
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For 2GHz and 
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 in m.

Since in Scenario #2b [7], the key system parameters are different (e.g., antenna height at macro eNodeB is set to 32m in model 1, however, it is set to 24m in Scenario #2b), modified propagation model should be introduced. Considering that the path loss model and fast fading model for macro cell to outdoor UE link in Scenario #2b should be similar with that in Scenario #2a, ITU UMa is a better model to capture the propagation feature for macro cell to outdoor UE link.
2.2.2 UE is inside an apartment

Similar to the analysis above, ITU UMa with additional penetration loss caused by wall and indoor propagation is proposed to model the path loss between macro eNodeB and an UE inside an apartment.
Proposal 3:

· ITU UMa based model should be used to capture the propagation feature for macro cell to outdoor/indoor UE link.
3 Conclusion
In this document, the feasibility of dual stripe channel model for indoor small cell scenarios is discussed. Some key issues including the indoor LoS/NLoS modeling, applicable carrier frequency and path loss model for Macro to UE link are considered. The proposals are summarized as follows:
Proposals:
· Explicit LoS modeling for large scale fading should be considered in dual stripe model and the detail is FFS.
· Further study is needed whether the current dual stripe model is applicable to higher frequency, e.g., 3.5 GHz.

· Floor loss should be removed in the path loss determination for small cell to outdoor UE and small cell to indoor UE in a different building. 

· ITU UMa based model should be used to capture the propagation feature for macro cell to outdoor/indoor UE link.
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Appendix 

A.1 Dual-Strip 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.
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