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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In email discussion on SI on Channel modeling for Indoor Industrial scenarios, way forward in which absolute time of arrival of multipath components is added as an additional modeling component was agreed [1, 2].  We proposed the model which is sum of delay time calculated by distance between BS and MS, and random variables of Gaussian distribution based on measurements in our lab [5]. On the other hand, [6] proposed the model which utilizes random variables of log normal distribution [6]. In this contribution, we study which model is more appropriate among the above two models.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Measurement
Delay profile measurements were performed in our lab and absolute time of arrival of first wave in NLOS environment is studied．Measurement environment is same as the environment which is described in our contribution regarding delay spread at RAN1#96 [3, 4]. Figure 1 shows measurement route and Table 1 shows measurement parameters. Figure 2 shows the distribution of measured delay spreads in NLOS environment respectively. 
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Fig. 2 Distribution of measured delay spread in NLOS environment
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Fig. 3 Distribution of  in NLOS environment
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Fig. 4 Histogram of  in NLOS environment

In this contribution, channel model for absolute additional delay in NLOS environment is studied. As a starting point, the model is assumed as 
		                                                                                                                              (1)
[bookmark: _GoBack] is absolute time of arrival of first wave (s), d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and  is additional delay (s). In [5], are obtained from measurement and the distribution of  is studied. Figure 3 and Fig. 4 shows CDF and histogram of  respectively. From results, the distribution can be approximated as Gaussian distribution. And median is 55 (ns) and standard deviation is 28 (ns). 
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Fig. 5 Distribution of lgΔτ in NLOS environment
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Fig. 6 Histogram of lgΔτ in NLOS environment

On the other hand, [6] reports log of   is Gaussian distribution based on ray-tracing simulation. Therefore, we apply same analysis to our measurement results in this contribution. In following analysis, 
lgΔτ =log10(Δτ/1s) 																	  (2)
is defined. Figure 5 shows CDF of lgΔτ and Fig. 6 shows histogram of lgΔτ. From results, lgΔτ is more close to Gaussian distribution. Median of lgΔτ is -7.3 and standard deviation of lgΔτ is 0.22. From these analysis results the following proposal can be made.
Proposal: The following two models can be considered for absolute delay time in NLOS environment. It can be considered to down select from these two models based on further studies on measurement. 
Model 1
Absolute time of arrival in NLOS environment is given by
                                                                                                                                               (3a)
                                                                                                                                        (3b)
where d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and   (s) is additional delay which is  ~N(, ). Value of  and  is FFS.
Model 2
Absolute time of arrival in NLOS environment is given by
                                                                                                                                               (4a)
                                                                                                                                        (4b)
lg =log10()     																(4c)
where d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and   (s) is additional delay which is lg ~N (, ). Value of  and  is FFS.

Conclusion
In this contribution, channel model for absolute additional delay in NLOS environment is studied. The followings are our proposals based on the discussion.
Proposal: The following two models can be considered for absolute delay time in NLOS environment. It can be considered to down select from these two models based on further studies on measurement. 
Model 1
Absolute time of arrival in NLOS environment is given by
                                                                                                                                               (3a)
                                                                                                                                        (3b)
where d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and   (s) is additional delay which is  ~N(, ). Value of  and  is FFS.
Model 2
Absolute time of arrival in NLOS environment is given by
                                                                                                                                               (4a)
                                                                                                                                        (4b)
lg =log10()     																(4c)
where d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and   (s) is additional delay which is lg ~N (, ). Value of  and  is FFS.
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Parameter Value

Frequency 19.85 GHz

Transmission signal OFDM (BW: 50 MHz)

Tx antenna height 3.0 m

Tx antenna Sleeve

Rx antenna height 1.5 m

Rx antenna Sleeve

MS

（

Rx

）

route

NLOS route

Height

：

10m

Anechoic 

chamber

35 m

28 m

BS

（

Tx

）

Anechoic 

chamber

Anechoic 

chamber

Fig. 1 Measurement route

Table 1 Measurement Parameters


