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1	Introduction
In RAN1#96bis, a number of agreements were reached related to the additional modeling components for the indoor industrial channel model SI were reached. 
In this contribution, we present further details on our views on the additional modeling components. 

[bookmark: _Ref178064866]2	Discussion on the additional modelling components
2.1	Spatial consistency
The spatial consistency framework described in clause 7.6.3 in TR 38.901 contain several methods for ensuring that the channel realizations vary smoothly and with reasonable rates of change as a function of time and spatial position. These procedures are generic and should be applicable also to the indoor industrial scenario. However, there are three scenario-specific correlation distance parameters specified in Table 7.6.3.1-2 (copied below for reference). Of these, the indoor/outdoor state is not applicable to the indoor industrial scenario since it can be assumed that all base stations and terminals are inside the same factory hall. In [1], we are proposing that the correlation distance for the LOS/NLOS state should be set equal to the typical clutter width, which we propose to specify using a parameter .
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Hence, what is remaining is to specify the value for the correlation distance for the cluster- and ray-specific random variables. The value of this parameter determines how fast the cluster realizations vary, e.g. for a spatial separation larger than the correlation distance the cluster angles and delays become independent even though e.g. the delay spread or the angular spreads may still be similar. As such, this parameter is a measure of how much the local scattering environment varies as a function of UT position. In a factory hall, it can be expected that some clusters and multipath components occur due to reflections from walls or ceiling. The delays and directions of such MPCs may be quite stable over time, however as the UT moves among the clutter these MPCs may be intermittently blocked at a scale consistent with the size of the clutter. Other MPCs may be expected to be due to scattering from the local clutter. These MPCs will certainly change their delays and directions at a scale consistent with the typical size of the clutter. 
The InH model uses a cluster- and ray-specific correlation distance of 10 m. We propose that in the absence of further measurements we may use this value as a starting point. Alternatively, we could consider setting the correlation distance equal to the parameter .
[bookmark: _Toc7793555]Specify the cluster- and ray-specific correlation distance for the indoor industrial scenario, using the value from InH, 10 m, as a starting point
· [bookmark: _Toc7793556]Alternatively, use a value equal to the typical clutter width, 

2.2	Blocking
The Blocking model B in 38.901 inherently captures the dynamic transition behavior, including any correlations between different links or beams, by its physical and geometrical description of the blocker and its impact on the radio channel. This model is parameterized solely through the sizes, positions, and mobility patterns of the blockers, where some recommendations on sizes and mobility patterns are given in Table 7.6.4.2-5 in TR 38.901. The spatial distribution of the blockers is left for the user of the model to specify as a simulation assumption. 
The types of blockers specified in Table 7.6.4.2-5 are humans and vehicles. In the indoor industrial scenario it can be expected that other types of blockers are present. Mobile blockers can include AGVs and robotic arms but also other types of machinery and cranes. Stationary blockers may of course include all the clutter in the factory hall, however this clutter is implicitly captured already in the path loss and fast fading models, as these will be parameterized through measurements with all the clutter present. 
As a guidance to a user of the blocking model B in an industrial scenario, we propose to provide some recommended blocker types: humans, AGVs, and industrial robots. For humans we may reuse the recommended blocker parameters for the other scenarios, while for AGVs and industrial robots some new values need to be specified. 
[bookmark: _Toc7793557]	For the Indoor industrial scenario, specify the following types of blockers for use with Blocking model B
· [bookmark: _Toc7793558]Humans – with dimensions and mobility pattern same as for indoor and outdoor scenarios
· [bookmark: _Toc7793559]AGVs – dimensions and mobility pattern FFS
· [bookmark: _Toc7793560]Industrial robot – dimensions and mobility pattern FFS

2.3	Dual mobility
It was agreed in RAN1#96bis to model dual mobility based on the double-Doppler model derived in the V2x work, as specified in TR 37.885. This model specified the Doppler for the LOS path as: 
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e.g. a purely geometrical construct using the directions of arrival and departure in relation to the Tx and Rx velocity vectors. For the delayed paths, the Doppler is given by 

which can be seen as a similar projection of the AoDs and AoAs on the respective velocity vectors, with an additional term due to the mobility of the scatterers. In TR 37.885 this third term is modeled as the product of two random variables, where  can be interpreted as the probability that the scatterer is moving and  represents the radial velocity of the scatterer. 
In an indoor industrial scenario it can be expected that the majority of the scattering surfaces such as walls, floors, ceiling, shelves, equipment, etc is stationary. Mobile scatterers can be AGVs, cranes, conveyor belts, etc which would result in small to moderate Doppler shifts, and rapidly moving or rotating machinery which may possibly cause very high Doppler shifts. Clearly, the distribution of these Doppler shifts can be very different than in a V2X scenario. 
To account for the fact that most scatterers are stationary, the random variable  should be 0 for most combinations of n and m but could be 1 with some low probability. The details of this modeling may be left for simulation assumptions. 
[bookmark: _Toc7793561]For the dual-mobility model, model the random variable as 1 with a (low) probability p and 0 with probability (1-p) 
· [bookmark: _Toc7793562]The values of p and of the maximum radial velocity of the scatterers may be simulation assumptions
2.4	Absolute time of arrival
In RAN1#96bis, it was agreed to model absolute time of arrival by adding an additional delay 0 = d3D/c to all cluster delays, and adding a further additional delay  in NLOS conditions. However, the details of how to model are not yet agreed. 
Two types of methods for how to model  have been proposed: stochastic modeling and a geometric model where it is determined from the path length by pairing AoDs and AoAs and assuming single scattering. 
The AoD and AoA distributions are usually determined through fitting of aggregate measures from measurements like angular spread, cluster angular spread, power-angle spectra etc. This process does not require any assumption on single- or multiple-bounce paths. There is therefore a risk that the distributions and realizations of AoDs and AoAs, when forced to correspond to single-bounce, could end up differently than what they look in measurements. For this and also for complexity reasons, we are more in favour of a stochastic modelling of , where measurements or ray-tracing could be used as the basis to determine a suitable distribution. 
[bookmark: _GoBack]For positioning studies, also the inter-link correlations of the LOS state and of  may be important, since TOA-based positioning uses observations of the time of flight from multiple base stations. Such correlations may be difficult to characterize through measurements since it requires large amounts of accurate and time-synchronized multi-site measurement data. However, ray-tracing experiments may help generate large sets of data for parameterizing such correlations. 
[bookmark: _Toc7793563]Use a random distribution to model  in NLOS conditions
· FFS on the need for modelling inter-link correlations for the LOS/NLOS state and for 
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify the cluster- and ray-specific correlation distance for the indoor industrial scenario, using the value from InH, 10 m, as a starting point
	Alternatively, use a value equal to the typical clutter width, 
Proposal 2	For the Indoor industrial scenario, specify the following types of blockers for use with Blocking model B
	Humans – with dimensions and mobility pattern same as for indoor and outdoor scenarios
	AGVs – dimensions and mobility pattern FFS
	Industrial robot – dimensions and mobility pattern FFS
Proposal 3	For the dual-mobility model, model the random variable as 1 with a (low) probability p and 0 with probability (1-p)
	The values of p and of the maximum radial velocity of the scatterers may be simulation assumptions
Proposal 4	Use a random distribution to model  in NLOS conditions
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Table 7.6.3.1-2 Correlation distance for spatial consistency

Corrlation distance in (m] R uwi uma. indoor
Los [NLos| oz | Los | NLOS | 021 | LoS | NLOS | o2l

Cluster and ray specific 5 | w0 | 5 | 12 | 15 |15 |40 | 50 |5] 10

random variables

LOSINLOS state E) 50 50 10

Indoor/outdoor state 50 50 50 NA
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