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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN#86, the new SI on NR positioning enhancements was approved [1]. The objectives of the SI mainly include the following:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in IIoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate enhancements to Rel-16 positioning techniques, DL/UL positioning reference signals, positioning architecture, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
[bookmark: _Hlk32090447]In this contribution, we discuss parameter and evaluation assumptions for positioning in Rel-16, then present our views about the parameter and evaluation assumptions for NR positioning enhancements.
Scenarios and requirements
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In Rel-16 the target positioning requirements for commercial use cases are defined in TR38.855 [2]:
-	Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 
-	Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
-	End to end latency < 1s
[bookmark: _Hlk32090471]In Rel-16, the following typical scenarios (with various options/configurations) are defined for evaluating RAT-dependent positioning techniques for NR positioning:
-	Scenario 1. Indoor Office for FR1 and FR2 (Open office)
-	Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
-	Scenario 3. UMa (ISD 500m) for FR1 only (Macro cell only deployment scenario)
Also, the existing channel models in TR38.901 [3] are adopted for NR positioning evaluation.
At RAN#86 meeting, the new SID [1] comes up with some challenging performance targets just like the exemplary performance targets below to meet the ambitious system requirements for positioning accuracy in many verticals:
(a) For general commercial use cases (e.g., TS 22.261):
		- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g., 22.804):
		- position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. 
If the strict positioning accuracy requirement (< 1 m) is introduced in Rel-17, obviously, it is unnecessary to meet it for all typical scenarios for general commercial use cases. Just like in Rel-16, we think sub-meter level positioning accuracy is mostly for indoor deployment scenarios only. There are several reasons. Given that some RAT-independent techniques such as GNSS have already reached a sub-meter level positioning accuracy in outdoor scenarios, it is less demanding to reach such level positioning accuracy. On the other hand, those indoor deployment scenarios are more likely to demand sub-meter level positioning accuracy for IIoT use cases. 
Proposal 1: 
· Sub-meter level positioning accuracy (< 1 m) is mostly for indoor deployment scenarios.
IIOT scenarios and requirements
For Rel-17, as one of the SI objective, the additional scenarios (e.g. IIoT) based on TR 38.901 are need to be defined to evaluate the achievable positioning accuracy with Rel-16 positioning solutions and identify any performance gaps. 
[bookmark: _GoBack][bookmark: _Hlk32090590]In TR 22.804 [4], there are already eight IIOT scenarios defined (see the Table2 from TR 22.804 in the Appendix1). These scenarios have different positioning requirements of horizontal accuracy, latency, and availability. The positioning requirements defined in TR 22.804 for most IIOT use cases are too challenging to meet all of them by RAT-dependent positioning only. But for IIOT scenarios, the 5 sub-scenarios are already defined in TR38.901, which are used as the indoor factory (InF) scenarios in the simulation. So it may not be meaningful to define one or multiple new IIOT scenarios. Instead, firstly we may need to unify some basic simulation assumptions and parameters for the scenarios defined in TR 38.901, and then to consider the proper positioning requirements. In addition, we also think the target positioning requirements for IIOT use cases should be defined similarly as it for Rel-16 commercial use cases in TR38.855 with a CDF value. We suggest the horizontal and vertical positioning error < 0.5m for 80% of UEs, and end to end latency < 100ms for IIOT use cases. 
Proposal 2: 
· The target positioning requirements for IIOT use cases should be defined similarly as it for Rel-16 commercial use cases in TR38.855 with a CDF value.
· Horizontal positioning error < 0.5m for 80% of UEs for IIOT use cases.
· Vertical positioning error < 0.5m for 80% of UEs for IIOT use cases.
· End to end latency < 100ms for IIOT use cases.
In TR38.901, the InF scenarios focus on factory halls with varying sizes and varying levels of density of "clutter" are defined (see the Table3 from TR 38.901 in the Appendix1). The InF scenarios are the following:
· InF-SL	Indoor Factory with Sparse clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-DL	Indoor Factory with Dense clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-SH	Indoor Factory with Sparse clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-DH	Indoor Factory with Dense clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-HH	Indoor Factory with High Tx and High Rx (both elevated above the clutter)
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]It is worth noting that the LOS/NLOS probability of SL and DL scenarios doesn’t depend on the BS/UE height and clutter height, and the height of BS can be deployed higher if needed. So InF-SL and InF-DL scenarios could be of a lower priority. It will be more efficient in terms of evaluation workload to focus on one or two scenarios as the typical IIOT scenarios for evaluation, e.g. according to the LOS/NLOS probability evaluation results, pick the InF-SH scenario as the best benchmark and InF-DH scenario as the worst benchmark.
Besides, a real IIOT environment is usually a mixture of several scenarios. For example, in some factories, the multipath of the UEs in passage or edge of the room is sparser, which is with a larger LOS probability. So maybe the combination of several scenarios will be closer to reality and thus worth being studied. For example, to study the scenario with 50% UEs are InF-SH and 50% UEs are InF-DH.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 3: 
· Focus on one or two scenarios as the typical IIOT positioning scenarios for evaluation, pick the InF-SH scenario as the best benchmark and InF-DH scenario as the worst benchmark according to the LOS/NLOS probability.
Proposal 4: 
· Study the scenario mixed with several InF scenarios such as the scenario with 50% UEs are InF-SH and 50% UEs are InF-DH.
Parameters and assumptions
Evaluation parameters and assumptions 
In Rel-16, scenarios and system parameters are defined in Table 6.1.1-1 in TR38.855, including the carrier frequency, bandwidth, subcarrier spacing, gNB model parameters and UE model parameter, etc. In TR38.901, the simulation assumptions for large scale calibration for the indoor factory scenarios are given in Table 7.8-7 (Table4 in appendix). We compare the parameter assumptions for indoor office scenario in TR38.855 with the assumptions for InF scenarios in TR38.901 as shown in Table1. The different parameters are highlighted in yellow. The layout for these two indoor scenarios is just a little bit different, the number of BS is 12 for indoor office scenario and is 18 for InF scenarios, and the hall size for InF scenarios are divided into two size, with the small one 120m*60m and the large one 300m*150m, where the hall size for indoor office scenario is 120m*50m. Besides this, the carrier frequency and bandwidth are not the same for two scenarios, and the subcarrier spacing is not defined explicitly. As the starting point, we suggest to combine the parameter assumptions in Rel-16 for indoor office positioning with it for calibration for InF scenarios. And modify some of the parameter to accommodate to IIOT scenarios and reduce the simulation workload. For example, the carrier frequency could be modified to 3.5 GHz and 28 GHz accordingly. Furthermore, due to the high accuracy requirements in new SID, we think we can focus on the 100 MHz bandwidth for FR1 and 400 MHz for FR2, accordingly, the subcarrier spacing can be 30 kHz for 100 MHz and 120 kHz for 400 MHz.
Proposal 5: 
· Reuse the common parameters defined in Table 6.1.1-1 in TR 38.855 except the carrier frequency, bandwidth, and subcarrier spacing for IIOT scenarios.
·  Modify the carrier frequency to 3.5 GHz and 28 GHz as defined in Table 7.8-7 in TR38.901.
· Focus on the 100 MHz bandwidth for FR1 and 400 MHz for FR2, accordingly, the subcarrier spacing can be 30 kHz for 100 MHz and 120 kHz for 400 MHz.
In addition, in TR38.901, the absolute time of arrival  model is introduced. If the InF scenarios take the excess delay  (modeled as Table 7.6.9-1 in TR38.901) in NLOS condition into consideration, the additional TOA error caused by   is shown in Fig.1. Considering the large possibility of NLOS, it is more challenging to meet the requirements with the parameters in Table 7.6.9-1. However, modeling  in positioning evaluation for IIOT scenarios makes the simulation closer to real scenarios and provides the possibility for the resolution of the NLOS problem in simulation. Therefore, the absolute time of arrival model in TR38.901 should not be excluded for positioning evaluation in IIOT scenarios.
In fact, some methods can be applied to increase the probability of LOS, like putting the BS higher, reducing the height of clutter, or setting some anchor UE or BS, etc. If so, we suggest to modify the clutter density and height in DH scenario to increase the probability of LOS appropriately. 
Proposal 6
· The absolute time of arrival model in TR38.901 should not be excluded for positioning evaluation in IIOT scenario.
Proposal 7: 
· [bookmark: _Hlk31880086]Modify the clutter density and height in DH scenario to increase the probability of LOS appropriately.
Table 7.6.9-1: Parameters for the absolute time of arrival model
	Scenarios
	InF-SL, InF-DL
	InF-SH, InF-DH

	
	
	-7.5
	-7.5

	
	
	0.4
	0.4

	Correlation distance in the horizontal plane [m]
	6
	11


[image: ]
[bookmark: _Ref28428490]Fig.1 additional TOA error caused by ∆t in NLOS
Table 1 parameter assumptions of Indoor office and InF scenarios
	
	Indoor Office
	Indoor Factory
[InF-SL, InF-DL, InF-SH, InF-DH and/or InF-HH]

	Cell layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1
	Hall Size: 
InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m
InF-HH: 300x150 m

18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
Room height:10m

	Carrier Frequency
	2GHz, 4GHz for FR1 – Note 1
30 GHz for FR2 – Note 1
	3.5 GHz for FR1
28 GHz for FR2

	System Bandwidth per carrier
	5MHz,
50MHz for 2GHz
100MHz for 4GHz
100MHz, 400MHz for 30GHz
	100MHz

	Subcarrier Spacing
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	\

	BS antenna configurations
(M, N, P, Mg, Ng)

(NOTE 1)
	FR1:(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 2
FR2:(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 2
One TXRU per polarization per panel is assumed
	FR1:(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 2
One TXRU per polarization per panel is assumed
FR2: (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 2
One TXRU per polarization per panel is assumed

	BS TX Power
	24 dBm for all carrier frequencies
	24 dBm for all carrier frequencies

	BS Receiver Noise Figure
	FR1:5dB 
FR2:7dB
	FR1:5dB 
FR2:7dB

	
BS antenna height 
	3m
	BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH

	UE height
	1.5m
	1.5m

	Peneteration loss
	0dB
	0dB

	UE dropping/distribution (horizontal)
	100% indoor, uniformly distributed over the horizontal area
	100% indoor, uniformly distributed over the horizontal area

	UE speed (horizontal)

	3 km/h
	3 km/h

	Number of floors
	1
	1

	Clutter density: 
	\
	Low clutter density: 20%
High clutter density: 60%

	Clutter height: 
	\
	Low clutter density: 2 m
High clutter density: 6m

	Clutter size: 
	\
	Low clutter density: 10 m
High clutter density: 2 m

	
	\
	-7.5

	
	\
	0.4

	UE antenna configurations
(M, N, P, Mg, Ng)

	FR1:
Panel model 1 – Note 2
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
FR2:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU
-	Optional: Provided by company

	UE TX Power
	23 dBm

	UE Receiver Noise Figure
	4 GHz: 	9 dB
30 GHz: 	13 dB

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns

	NOTE 1: 	TR 38.901
NOTE 2: 	TR 38.802


DL PRS and UL SRS parameters 
As a starting point of evaluation of the achievable positioning accuracy and latency for IIOT scenarios, the Rel-16 positioning techniques and solutions (OTDOA\UTDOA\multi-RTT) can be used. As for DL PRS and UL SRS configurations, it would be benefit to agree on some basic parameters for simulation, like CombSizeN, ReOffset. NumSymbols, ResourceSymbolOffset, etc., as a starting point. Configurations of the other specific DL PRS and UL SRS which is not used for simulation evaluation can be discussed later. 
In the simulation of positioning for IIOT, a unified calibrated platform is crucial for evaluation. As far as we are concerned, the first step for us is to calibrate the IIOT positioning simulation platform with the same parameters, and then we can modify the parameters separately according to the simulation demand. 
Proposal 8: 
· For the first step, calibrate the IIOT positioning simulation platform with the same parameters, and agree on some basic parameter configurations of DL PRS and UL SRS.
Remaining aspects for study
The main RAT-dependent positioning techniques for Rel-16 are OTDOA, UTDOA and multi-RTT techniques, which is based on the measurements of TOA. As the simulation evaluation results in TR38.855 for Rel-16, it is obvious that the positioning error caused by the sync error of BS is enormous, especially with the OTDOA and UTDOA. This problem can be solved to some extent with RTT technologies, by measuring the SRS resource or resource set in the TRP side and using the reported Rx-Tx time of UEs, the positioning error caused by sync error can be eliminated largely. However, the positioning capacity (scalability) of RTT techniques will be constrained by the limited uplink resources, which will be discussed later. When we study for Rel-17, how to mitigate the effects of sync error should also be considered.
Proposal 9: 
· How to mitigate the effects of sync error should also be considered for NR positioning enhancement. 
Another problem is the NLOS condition which can cause severe positive ToA measurement errors. This could lead to inaccurate location estimation for most positioning techniques. As shown in Fig.2, it is observed that positioning performance in the cases with normal NLOS probability is much worse than those cases with 100% LOS probability.  The positioning performance can be severely impacted by NLOS even with large bandwidth, so it is necessary to address the problems caused by NLOS. 
[image: ]
Fig.2 NLOS effect on positioning performance
With the channel model In TR38.901, we evaluate the LOS probability of 4 InF scenarios except InF-HH (which is 100% LOS), as shown in Fig.3. It can be found that the InF-SH is of the highest LOS probability among all 4 scenarios, while the InF-DL is of the lowest LOS probability among all 4 scenarios. The NLOS probability is very high in the InF-DL and InF-DH scenarios, which make NLOS a challenging problem for positioning enhancements. Besides, in TR38.901 when the absolute time of arrival is modeled in the scenarios with large number of NLOS condition, like InF-DL and InF-DH scenarios, the excess delay  will cause a worse positioning accuracy. The impact of NLOS is an important study point for positioning enhancements. Some methods may be adopted like changing the direction of the first path into the direction of LOS, enhancing the power of the first path and so on.
[image: ]
Fig.3 LOS probability of 4 InF scenarios
Proposal 10: 
· The impact of NLOS should be studied for positioning enhancements. 
For positioning enhancements, latency, network efficiency and device efficiency are very important metrics, which is not quantified in Rel-16. In our point of view, we’d better quantize these factors with latency and power consumption models for positioning techniques, so the effect of latency and efficiency can be evaluated. In addition, the scalability of positioning techniques needs to be considered, too. For example, the number of UEs which can be supported for simultaneously positioning per area could be an evaluation metric. The indoor factory scenarios may have more UEs than the indoor office scenarios, which may pose a problem to some positioning techniques due to the limited resource especially in uplink positioning. For example, the uplink-related positioning techniques such as UTDOA, AOA, multi-RTT and so on needs to transmit SRS resources (sets). If a UE can have up to 64 resources and each resource is assumed to have two symbols, with comb-4 structure and cyclic shift 48 UEs can be multiplexed, then the number of symbols needed to support 1000 UEs simultaneously is 1000*64*2/48=2666, which is very large. It is best for us to further evaluate the occupancy rate of resources and then give the number of UEs supported for positioning simultaneously like 1000 UEs for IIOT scenarios.
In addition, the present design of DL PRS and UL SRS is based on the assumptions for Rel-16 positioning. According to the above observations, the Rel-16 assumptions still have some remaining problems, which need to be considered for positioning enhancements. The design of DL PRS and UL SRS may also need to be reconsidered to adapt to new assumptions for positioning enhancements.
Proposal 11: 
· Define the latency and power consumption models for NR positioning enhancements. 
Proposal 12: 
· The scalability of positioning techniques needs to be considered.
· evaluate the occupancy rate of resources and then give the number of UEs supported for positioning simultaneously like 1000 UEs for IIOT scenarios.
Conclusion
In this contribution, we discuss scenarios and parameter and evaluation assumptions for NR positioning enhancements. We have the following proposals:
Proposal 1: 
· Sub-meter level positioning accuracy (< 1 m) is mostly for indoor deployment scenarios.
Proposal 2: 
· The target positioning requirements for IIOT use cases should be defined similarly as it for Rel-16 commercial use cases in TR38.855 with a CDF value.
· Horizontal positioning error < 0.5m for 80% of UEs for IIOT use cases.
· Vertical positioning error < 0.5m for 80% of UEs for IIOT use cases.
· End to end latency < 100ms for IIOT use cases.
Proposal 3: 
· Focus on one or two scenarios as the typical IIOT positioning scenarios for evaluation, pick the InF-SH scenario as the best benchmark and InF-DH scenario as the worst benchmark according to the LOS/NLOS probability.
Proposal 4: 
· Study the scenario mixed with several InF scenarios such as the scenario with 50% UEs are InF-SH and 50% UEs are InF-DH.
Proposal 5: 
· Reuse the common parameters defined in Table 6.1.1-1 in TR 38.855 except the carrier frequency, bandwidth, and subcarrier spacing for IIOT scenarios.
·  Modify the carrier frequency to 3.5 GHz and 28 GHz as defined in Table 7.8-7 in TR38.901.
· Focus on the 100 MHz bandwidth for FR1 and 400 MHz for FR2, accordingly, the subcarrier spacing can be 30 kHz for 100 MHz and 120 kHz for 400 MHz.
Proposal 6
· The absolute time of arrival model in TR38.901 should not be excluded for positioning evaluation in IIOT scenario.
Proposal 7: 
· Modify the clutter density and height in DH scenario to increase the probability of LOS appropriately.
Proposal 8: 
· For the first step, calibrate the IIOT positioning simulation platform with the same parameters, and agree on some basic parameter configurations of DL PRS and UL SRS.
Proposal 9: 
· How to mitigate the effects of sync error should also be considered for NR positioning enhancement. 
Proposal 10: 
· The impact of NLOS should be studied for positioning enhancements. 
Proposal 11: 
· Define the latency and power consumption models for NR positioning enhancements. 
Proposal 12: 
· The scalability of positioning techniques needs to be considered.
· evaluate the occupancy rate of resources and then give the number of UEs supported for positioning simultaneously like 1000 UEs for IIOT scenarios.
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Appendix


Table2 Positioning Service Performance Requirements (TS 22.804)
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A
	Factories of the Future 6.5

	Mobile control panels with safety functions ( non-danger zones 
	< 5 m 
	90%
	N/A
	< 5 s-
	N/A
	Factories of the Futur6 6.7

	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Factories of the future 10.8

	Process automation – plant asset management 
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h
	Factories of the Future 13.3

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h
	Factories of the Future15.5

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h
	Factories of the Future15.6

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h
	Factories of the Future18.19

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20




Table3 Evaluation parameters for InF (TR 38.901)
	
	InF

	Parameters
	InF-SL 
(sparse clutter, low BS)
	InF-DL
(dense clutter, low BS)
	InF-SH
(sparse clutter, high BS)
	InF-DH
(dense clutter, high BS)
	InF-HH
(high Tx, high Rx)

	Layout
	Room size
	Rectangular: 20-160000 m2 
 

	
	Ceiling height
	5-25 m
	5-15 m
	5-25 m
	5-15 m
	5-25 m

	[bookmark: _Hlk31905115]
	[bookmark: _Hlk31905161]Effective clutter height 
	[bookmark: _Hlk31905174]< Ceiling height, 0-10 m

	
	External wall and ceiling type
	Concrete or metal walls and ceiling with metal-coated windows

	Clutter type
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Any

	Typical clutter size, 
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density  (percentage of surface area occupied by clutter)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	[bookmark: _Hlk31905053]Low clutter density
(<40%)
	[bookmark: _Hlk31905041]High clutter density
(≥40%)
	Any

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded, i.e. the BS antenna height is below the average clutter height
	Above clutter
	Above clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	[bookmark: _Hlk31814539]100% LOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded
	Above clutter





Table4 Simulation assumptions for large scale calibration for the indoor factory scenario (TR 38.901)
	Parameter
	Values

	Scenario
	InF-SL, InF-DL, InF-SH, InF-DH

	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH

	UT distribution 
	uniform dropping for indoor with minimum 2D distance of 1 m
UT height = 1.5 m

	UT attachment
	Based on pathloss 

	UT noise figure
	9 dB

	Carrier frequency
	3.5 GHz, 28 GHz

	Bandwidth
	100 MHz

	Clutter density: 
	Low clutter density: 20%
High clutter density: 60%

	Clutter height: 
	Low clutter density: 2 m
High clutter density: 6 m

	Clutter size: 
	Low clutter density: 10 m
High clutter density: 2 m

	Metrics
	1) Coupling loss – serving cell

	
	2) Geometry with and without noise

	
	3) CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to the definition in Annex A.1

	
	4) CDF of first path excess delay for serving cell
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