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1 Introduction

In the RAN1#84 meeting, it was proposed jointly by 23 companies in [1] that three deployment scenarios should be investigated in first priority for the channel model SI, in which indoor office is included. Since indoor scenario was not investigated in latest 3GPP channel modeling activities, there are a lot of channel characteristics not being studied since LTE-Advanced channel model study for indoor scenario.  Considering the WF on new requirements for channel modeling SI agreed in RAN1#84 meeting [2] and the agreement of RAN-level on the ‘5G’ requirement study item in [3],  some changes have been brought into the 5G deployment scenarios and channel modeling. These changes should be investigated to ensure the final delivered channel model in this SI can fully support the evaluation work on candidate technologies for 5G.
In the contribution, considering the newly defined of indoor hotspot scenario in [3], the LOS probability is investigated. 
2 Motivation to investigate LOS probability for indoor hotspot
In [3], it is suggested a 20m ISD will be adopted for indoor hotspot. And an open office with 120mx50m occupancy will be used a typical example. In [4] a sketch for illustration has been provided in Figure 1.  Compared with what has been used for LTE-Advanced/IMT-Advanced in [5] in Figure 2, the TRP density and deployment locations have been changed greatly. In this case, the LOS probability model in (1) for indoor hotspot in [5] should be reinvestigated. 
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Figure 1. Sketch of InH deployment
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Figure 2. Sketch of InH environment from ITU-R M.2135
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3 Survey on LOS probability models
So far, the LOS probability models used for system level evaluation activities can be found from ITU-R IMT-Advanced evaluation methodologies [5] and WINNER II channel modeling report [6]. In [7], one improved model to describe the LOS probability of indoor hotspot which is more close to the 5G deployment is also recommended. But it is based on the hybrid indoor office deployment scenarios with both open and closed area which is also different with the definition in [3]. These models are summarized in Table 1.
Table 1. Summary on LOS probability survey
	Models
	Description

	ITU model
	
[image: image4.wmf]ï

î

ï

í

ì

³

<

<

-

-

£

=

3

3

1

2

1

1

),

/

)

(

exp(

,

1

d

d

    

          

          

          

a

d

d

d

      

d

d

d

d

d

    

          

          

          

P

LOS



	WINNER II model

(B3)
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	WINNER II model

(A1)
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	Improved model
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4 Evaluation on LOS probability models
For ITU LOS probability in [5], the ray tracing simulation was conducted based on the typical InH scenario defined in Figure 2. The results are in Figure 3. It can be observed the LOS probability is keeping dreasing as distance increasing. The model in (1) can fit the simulation data well in distance range within 50m. But the error increase after 50m due the flat tail of the model.
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Figure 3. Indoor hotspot LOS probability evaluation for ITU InH Scnenario

To evaluate the applicability of each LOS probability models in section 3 on 5G deployment scenarios requirements, the typical indoor open office deployment scenario described in [4] has been adopted. It fits the requirements on indoor hotspot scenario defined in [3]. According to the definition of the scenario, ray tracing simulation has been conducted to get the LOS probability distribution along with distance. In the simulation, 100000 UE positions were randomly chosen within the 120mx50m area with even distribution. 12 TRP locations were investigated. The height of TRP is 3m. To evaluate different UE placement situations, e.g. handle held, on the desktop, UE height were randomly chosen from 1m to 1.5m with even distribution. The evaluation results can found in Figure 3.
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Figure 4. Indoor hotspot LOS probability evaluation
To evaluate the fitness of each model, MSE (mean square error) is adopted as criterion. The parameterization results were compared with original results in [5]  and [6]. Some observations can be obtained:
Observation 1: The LOS probability model parameters are sensitive to the definition on typical deployment scenario. The updated model parameters for newly defined scenarios are varied a lot from the original ones.

Observation 2: For the ITU model, once the distance exceeds some threshold, the LOS probability will be kept unchanged. But according to the simulation results, the LOS probability will go further down along with distance increasing. It may cause overly optimistic estimation of LOS condition. This issue has been observed in both ITU IMT-Advanced InH scenario evaluation and the new scenario [4] evaluation.
Observation 3: For different distance range, the probability may change with the distance with different behaviour. A three segments model can be more suitable to describe the propagation for indoor hotspot.

Observation 4: The new model proposed in [7] fits the propagation in indoor open office best of the four models evaluated. And it can improve the deficiency of ITU model.
Proposal 1: the deficiency of ITU model should be addressed by increasing the accuracy of the model when distance exceeds certain threshold.
Proposal 2: the improved three segments model proposed in this contribution can be adopted as LOS probability model for indoor open office channel modelling in this SI.

Table 2. Comparison of the LOS probability models for the indoor open office
	Models
	Original
	Updated/New

	
	
	Parameterization results
	MSE

	ITU model
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	0.0016

	WINNER II model

(B3)
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	WINNER II model

(A1)
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	0.0037

	Improved model
	N/A
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5 Conclusions
In this contribution, based on the latest agreement of RAN-level on the ‘5G’ requirement study item, LOS probability for indoor hotspot has been studied. Four models were evaluated and compared based on ray tracing simulation. According to the observations, following proposals are proposed:
Observation 1: The LOS probability model parameters are sensitive to the definition on typical deployment scenario. The updated model parameters for newly defined scenarios are varied a lot from the original ones.

Observation 2: For the ITU model, once the distance exceeds some threshold, the LOS probability will be kept unchanged. But according to the simulation results, the LOS probability will go further down along with distance increasing. It may cause overly optimistic estimation of LOS condition. This issue has been observed in both ITU IMT-Advanced InH scenario evaluation and the new scenario [4] evaluation.
Observation 3: For different distance range, the probability may change with the distance with different behaviour. A three segments model can be more suitable to describe the propagation for indoor hotspot.

Observation 4: The new model proposed in [7] fits the propagation in indoor open office best of the four models evaluated. And it can improve the deficiency of ITU model.
Proposal 1: the deficiency of ITU model should be addressed by increasing the accuracy of the model when distance exceeds certain threshold.
Proposal 2: the improved three segments model proposed in this contribution can be adopted as LOS probability model for indoor open office channel modelling in this SI.
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