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[bookmark: _Ref189809556][bookmark: _Ref174151459]Introduction
Absolute time of arrival model is supported in current IIOT channel modeling campaign with the following agreements:
Agreements:
· Absolute time of arrival of multipath components in LOS and NLOS is added as an additional modelling component
· Note: This modelling component is provided to support simulations in which absolute time of arrival is important (e.g., ToA based positioning)
Agreements:
· Add an additional delay 0 to all cluster delays for absolute time of arrival modeling
· In LOS, 0 = d3D/c
· In NLOS, 0 = d3D/c +  
· FFS on how to model , e.g. by random or deterministic procedure
Agreements:
For absolute delay modeling, use a random distribution to model  in NLOS conditions
· FFS on the choice of random distribution, e.g. among the below (or other) options:
· Option 1:  follows a lognormal distribution, with different parameterization per sub-scenario
· Option 2: follows an exponential distribution
· Option 3: follows a Gaussian distribution, truncated so that  >=0
· The value for  should be upper bounded 
· FFS whether the upper bound should depend on the cluster powers in relation to the path loss 
· FFS on the need for modeling inter-link correlations for the LOS/NLOS state and for 
In F2F informal meeting in July 2, 2019, a distance-dependent model is proposed as well in [2]:
· Option 4:Relative Delay = max(alpha*d + C + n,0)
· Where alpha=3.67, C=-33.33, sign of n is uniformly distributed (+ or -)
· Abs(n) follows exponential distribution or N(0,17.1)
This document further addresses the absolute time of arrival model based on above RAN1 agreements and the simulation results by ray tracing. 

It is also noticed that the absolute time of arrival is used in spatially-consistent UT mobility modeling -procedure A in TR38.901 section 7.6.3.2, where  is actually absolute delay in the following text:
	Cluster delay is updated as: 

		(7.6-9)
where 

 is the speed of light in [m/s];


 is the UT velocity vector with ;


 is the 3D distance between Rx antenna and Tx antenna at  in [m];

 are the cluster delays in [s] as in Step 11 in Subclause 7.5;


, where  are the delays from Equation (7.5-1)




It is proposed to update the formula of  calculation if the add-on feature in IIOT sub-scenarios is activated.
The NLOS absolute time of arrival model based on ray-tracing simulation
Simulation setup
An indoor industrial scenario is depicted in [3] with its internal layout shown in Figure 2.1 and Table 2-1. 
The absolute time of arrival for the first detectable NLOS ray and vLOS_delay are obtained from simulation based on ray tracing with three-order reflections and single-order diffraction. 
· The first detectable NLOS ray refers to the earliest arrival NLOS ray whose power is larger than (max ray power in all Rx rays– power threshold), where power threshold is set to 25dB in the simulation.
· vLOS_delay represents the propagation time in virtual LOS distance between Tx and Rx. 
[image: ]
[bookmark: _Ref16598084]Figure 2‑1 Industrial IOT scenario with multi-functional sub-areas 
Table 2‑1 Configuration for IIOT channel model simulation
	Position of Base stations
	Base stations with height selected from { 2m,10m, 15m and 22m} are located in 5 different XY positions:
BS2_1:[45 20 2]; BS2_2:[45 60 2]; BS2_3: [90 40 2]; BS2_4:[135 20 2]; BS2_5: [135 60 2]
BS10_1:[45 20 10]; BS10_2:[45 60 10]; BS10_3: [90 40 10]; BS10_4:[135 20 10]; BS10_5: [135 60 10]
BS15_1:[45 20 15]; BS15_2:[45 60 15]; BS15_3: [90 40 15]; BS15_4:[135 20 15]; BS15_5: [135 60 15]
BS22_1:[45 20 22]; BS22_2:[45 60 22]; BS22_3: [90 40 22]; BS22_4:[135 20 22]; BS22_5: [135 60 22]
* Refer to Figure 2‑1 for the locations of gNB in XOY plane, where AntN refer to BSh_N for h={2,10,15,22}m and N={1,2,3,4,5}, respectively.

	Position of UE’s
	UE height: 1.5m, Uniformly distributed.

	Carrier Frequency
	2.3GHz; 4.9GHz; 28GHz; 52.6GHz; 72GHz; 100GHz


The absolute time of arrival of NLOS rays are investigated in this contribution for BS height =2m and 10m, respectively.
Ray-tracing fitting results for the candidate options
The fitting results for option1/2/3 in BS embedded and BS elevated cases are shown in Figure 2‑2 and Figure 2‑3, respectively. The fitting results for option4 in BS embedded and BS elevated cases are shown in Figure 2‑4.
[image: ]
(a) Option3                      (b) Option1                     (c) Option2
[bookmark: _Ref16116160]Figure 2‑2 Option3/1/2 fitting results for BS height=2m (embedded)
[image: ]
(b) Option3                      (b) Option1                     (c) Option2
[bookmark: _Ref16116179]Figure 2‑3 Option3/1/2 fitting results for BS height=10m (elevated)
[bookmark: _Ref12231278][image: ]
(a) BS embedded                            (b) BS elevated
[bookmark: _Ref16116211]Figure 2‑4 Option4 fitting results for BS embedded and elevated
Observation 1: For option4, the significance of distance-dependent absolute time of arrival is not observed for both BS elevated and BS embedded cases. 
Model error analysis for Options 1~3:
Consider the following metric for model error analysis,

, where Piraw and Pimodel are the probability of raw data and model in the ith data collection bin, respectively. The error analysis results are shown in Table 2‑2.
[bookmark: _Ref16116399]Table 2‑2 Model error analysis for option1/2/3
	
	Model
	BS embedded
	BS elevated
	ModelErr(BS embedded)
	ModelErr(BS elevated)

	Op.1
	


Where 
	



	



	0.012044
	0.016538

	
Op.2
	


Where 
	

	

	0.029312
	0.012316

	Op.3
	


Where 
	



	



	0.063657
	0.046567


Note: the unit of  is second.
Observation 2: Among Options 1~3, Option1 (log-normal distribution) fits best in BS embedded case.
Observation 3: Among Options 1~3, Option2 (exponential distribution) fits best in BS elevated case.
Proposal 1: In the NLOS absolute time of arrival modelling of 0 = d3D/c + 
· has log-normal distribution in BS embedded case.
· has exponential distribution in BS elevated case.
Refinement of spatially-consistent UT mobility modelling -procedure A




In spatially-consistent UT mobility modeling -procedure A in section 7.6.3.2 in TR38.901,  and , which aligns with the agreements of NLOS absolute time of arrival model except for  calculation. So  is better to be changed to align with the agreed NLOS absolute time of arrival model.


Proposal 2: When the current spatially-consistent UT mobility modelling -procedure A is applied to IIOT scenario, assign  to , where  is defined in the agreed NLOS absolute time of arrival model.  
One sample CR proposal is given in Appendix. 
Conclusion
This contribution concludes with the following observations and proposals:
Observation 1: For option4, the significance of distance-dependent absolute time of arrival is not observed for both BS elevated and BS embedded cases. 
Observation 2: Among Options 1~3, Option1 (log-normal distribution) fits best in BS embedded case.
Observation 3: Among Options 1~3, Option2 (exponential distribution) fits best in BS elevated case.
Proposal 1: In the NLOS absolute time of arrival modelling of 0 = d3D/c + 
· has log-normal distribution in BS embedded case.
· has exponential distribution in BS elevated case.


Proposal 2: When the current spatially-consistent UT mobility modelling -procedure A is applied to IIOT scenario, assign  to , where  is defined in the agreed NLOS absolute time of arrival model. 
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Appendix A. Sample CR text
<Unchanged parts are omitted>
[bookmark: _Toc493104210][bookmark: _Toc493104240][bookmark: _Toc535263204]7.6.3.2	Spatially-consistent UT mobility modelling
For mobility simulation enhancement, two alternative spatial consistency procedures – Procedure A and Procedure B – are described as follows. The procedures presented below consider the downlink direction same as in Subclause 7.5.
Procedure A:

For  when a UT is dropped into the network, spatially consistent powers/delays/angles of clusters are generated according to Subclause 7.6.3.1. 


The updated distance of UT should be limited within 1 meter, i.e. when , and the updated procedure in the following should take the closest realization instead of .


At , update channel cluster power/delay/angles based on UT channel cluster power/delay/angles, moving speed moving direction and UT position at .
Cluster delay is updated as: 

		(7.6-9)
where 

 is the speed of light in [m/s];


[bookmark: _GoBack] is the UT velocity vector with ;


 is the 3D distance between Rx antenna and Tx antenna at  in [m];

 are the cluster delays in [s] as in Step 11 in Subclause 7.5;




If absolute time of arrival modelling is enabled, where is defined in the absolute time of arrival model; otherwise,, where  are the delays from Equation (7.5-1).
<Unchanged parts are omitted>
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