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1. Introduction
The objective of Small Cell Enhancements [1] is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity.  
Currently, 60% voice traffic and 70% data traffic are happened indoor. In future, 90% Indoor/Hotspot traffic are estimated.  These motivate the so-called LTE-Hi (Hotspot & Indoor) to ensure the competitiveness of 3GPP in the future. Therefore, indoor scenario is very important for evaluation.

More dense deployment plays an important role, and it should be very flexible for deployment from operators’ perspective with the growing number of cells in anywhere. Both with macro coverage and without macro coverage scenarios should be included in study. This contribution proposes to include dual stripe model for indoor scenario evaluation.
2. Indoor Scenario
In order to evaluate both sparse and dense small cell deployments for indoor scenario, we propose to use dual-strip model [2] for indoor evaluation.
2.1. Dense Dual Stripe Model
In an indoor small cell deployment scenario, a block represents two stripes of grids, each stripe has 2 by N grids (N is 10 in the example illustrated in Figure 1). Each grid is of size 10m X 10m. There is a space between the two stripes of grids, with width of 10m.  The small cell block is of size 10(N+2)m X 70m and has L floors (L could be a number between 1 and 10). 

To simulate the realistic case that an grid may not have a small cell node, we use a parameter named “deployment ratio” to determine whether an grid is deployed with a small cell node or not. If the deployment ratio is 0.2, in the example, it means that on average, each floor has 8 (0.2 X 40) small cells and a block has 8L small cells. The deployment ratio can vary from 0 to 1. Another parameter called “activation ratio” is defined as the percentage of active small cell nodes. If a small cell node is active, it will transmit with suitable power at the traffic channel. Activation ratio can be from 0 to 1. Deployment ratio R and activation ratio P are combined to model different small cell density, e.g., R=0.2 and P=0.5 for sparse deployments, R=0.8 and P=0.5 for dense deployments. A small cell block is illustrated in Figure 1. An example parameter table is provided in Table 1.
Table 1. Indoor small cell deployment scenario modeling parameters (dense)
	N (number of cells per row )
	10

	L (number of floors per block)  
	6

	R (deployment ratio )
	0.8

	P (activation ratio)
	0.5
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 Figure 1. Indoor small cell deployment scenario(dual strip model)
2.2. UE Distribution for Indoor Scenario
It is assumed that there is one UE per small cell, which is dropped uniformly and randomly in a grid when the active small cells are presented. The small cell node is also randomly placed in each grid.
3. Channel Models
3.1. Pathloss Model

According to the UE dropping rules, two kinds of models are described as follows,

· UE and small cell are in same strip

· UE and small cell are in different strip

Pathloss model for each model are described in Table 2 [3].

Table 2. Indoor Scenario Channel models (dense dual strip model)
	Cases
	Path Loss (dB)
	Fast Fading(when fast fading in both frequency and spatial domains is modelled)

	UE to Small cell node
	UE is inside the same stripe as small cell node


	  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 grids between UE and small cell node
d2D,indoor is the distance inside the house.
	InH, LOS or NLOS depends on whether line-of sight from UE to small cell node;



	
	UE is inside a different 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 grids between UE and small cell node
d2D,indoor is the total distance inside the two houses.
	InH (NLOS)


Where 

· R is the Tx-Rx separation
· Liw is the penetration loss of the wall separating grids, which is
·  5dB for indoor office
· 0dB for shopping mall
· The term 0.7d2D,indoor takes account of penetration loss due to walls inside an grids. 
· Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses, both are 20dB
Large office buildings or shopping mall with multiple floors is of great interests for operators to deploy indoor small cells. For offices, the room is separated by walls. For shopping mall, the internal room is open without wall separation. For simplicity, we propose to assume the same topology for both these two indoor scenarios except penetration loss of the wall separating grids. It is assumed 5dB for indoor office, 0dB for shopping mall.
3.2. Shadowing fading model
Log-normal shadowing applies to all links. For links between a small cell node and a UE served by this BS, the standard deviation is assumed to be 4dB. 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.

4. Simulation assumptions and parameters
The system simulation parameters for indoor scenario are proposed as follows.
Table 3. System simulation parameters assumptions for indoor scenario
	Parameter
	assumptions

	Carrier Frequency
	2GHz ,[3.5GHz]

	System bandwidth
	10MHz

	Distance-dependent path loss
	See section 3.1

	Shadowing standard deviation
	4dB for Link between small cell and small cell UE.

8dB for other links (See section 3.2)

	Shadowing correlation

between small cells
	0.5

	Penetration Loss
	See section 3.1

	Fast fading channel
	ITU InH

	BS antenna gain after cable loss
	5 dBi

	Antenna configuration
	For small cell:

2Tx, 2Rx, Omni-directional, Cross-polarized: X.
For UE:

2Tx, 2Rx, Omni-directional, Cross-polarized: X.
or 2Tx, 2Rx Omni-directional, 0.5 λ-spaced vertically-polarized: ||.

	BS TX power
	20 dBm

	Minimum distance
	small cell – UE : >3m

	UE distribution
	See section 2.2

	UE receiver
	MMSE as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	UE power class
	23dBm

	Traffic model
	Full buffer or non-full buffer FTP models

	backhaul
	Non-ideal


5. Conclusion
In this contribution,  indoor scenarios are proposed for small cell evaluation. It is proposed that,
Proposal 1: Dual Stripe Model is used for indoor scenario evaluation.
The corresponding simulation assumptions are also proposed in the contribution.
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