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Introduction
In 3GPP TSG RAN Meeting #86, a new study item was agreed [1]. The study item is to address the higher accuracy location requirements resulting from new applications and industry verticals. So it’s important to find and define some new requirements and corresponding scenarios at this stage, which would be a common ground for interested companies to evaluate the performance. 
In this contribution we’ll provide our views on additional scenarios for positioning.
Positioning service performance requirements
The SID provides the exemplary performance targets in the justification of the SI [1]: “NR Positioning in Rel.17 should evaluate and specify enhancements and solutions to meet the following exemplary performance targets:
(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.” 
For IIOT positioning requirements, eight IIOT scenarios and different requirements are defined in TR 22.804[4]. Inbound logistics for manufacturing (for driving trajectories of autonomous driving systems) has the strictest requirement of latency (10ms) and inbound logistics for manufacturing (for storage of goods) has the strictest requirement of horizontal accuracy (0.2m). Meanwhile, those two scenarios are main use cases for industrial environment. As for other use cases, like mobile control panels, augmented reality and modular assembly area are looser to latency and accuracy. If requirements of inbound logistics are met, so does other use cases.
[bookmark: OLE_LINK1]Regarding the requirement, rather than set up any strict metrics, we should find a loose bound as a starting point. For example, interested companies need to evaluate if Rel.16 positioning solutions and novel positioning methods can meet the requirement of Rel.17 commercial use cases at first, then stricter requirements are discussed for next stage. And the same as Rel.16 study phase, at least CDFs of horizontal positioning errors and vertical positioning errors are used as a performance metrics in NR positioning evaluations. At least the following percentiles of positioning error are analyzed 50%, 67%, 80%, 90%. 
As for physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity are hard to quantize, therefore it should be considered during physical layer, high layer and architecture design. 
Proposal 1: Interested companies need to evaluate if Rel.16 positioning solutions and novel positioning methods can meet the requirement of Rel.17 commercial use cases based on a loose bound requirement at first, then stricter requirements are discussed for next stage. 
Common evaluation parameters for all scenarios
In Rel.16 the study phase had already approved evaluation methodology for indoor office, UMi street canyon and UMa. The scenario parameters common to all scenarios are detailed in table 6.1.1-1 in TR 38.855[3](appendix A). IIOT channel can simply use the same configurations for UE and gNB. But Rel.17 plans to realize sub-meter level position accuracy, so bandwidth less than 100MHz should be excluded since it’s hard to meet the requirement.
Proposal 2: The scenario parameters common to all scenarios in table 6.1.1-1 in TR 38.855 are reused for evaluation in Rel.17, but the bandwidth should be no less than 100MHz.
IIOT InF scenarios
Common evaluation parameters for IIOT channels
Rel.16 positioning solutions have been proofed that indoor hot spot scenario can meet Rel.16 requirements. And Rel.17 study phase should define additional indoor scenarios (e.g. (I)IoT) based on TR 38.901 [2] to evaluate the performance for the use cases (e.g. (I)IoT). In addition, RAN1 has defined the following 5 InF scenarios for IIOT in Rel.16,
· 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)
For all InF scenarios, large scale calibration for InF scenarios in Table 7.8-7 in TR 38.901(Appendix B) can be used as a starting point for evaluation. 
Some configurations, such as BS antenna configurations, UT antenna configurations, carrier frequency, bandwidth are duplicate with table 6.1.1-1 in TR 38.855, those parameters should follow table 6.1.1-1 in TR 38.855. LOS probability for InF scenarios is modelled according to Section 7.4.2 in TR 38.901. The absolute time of arrival is applied according to TR 38.901 to model the excess delay of NLOS link.
Proposal 3: Common evaluation parameters for IIOT channels in table 7.8-7 in TR 38.901 are reused for evaluation in Rel.17, but the BS antenna configurations, UT antenna configurations, carrier frequency, bandwidth should follow table 6.1.1-1 in TR 38.855.
As we know positioning accuracy is quite dependent on LOS probability. If we set parameters as table 7.8-7 in TR 38.901, then the LOS probability vs distance is showed in Figure 1 for 4 InF scenarios. The figure 1 demonstrates that InF-SH has the highest LOS probability and InF-DL is the lowest one. It’s predictable that InF-SH may get highest positioning accuracy than other scenarios. It’s not clear whether it makes sense in practical system that one scenario has much higher accuracy than other scenarios, so whether such results are useful to guide real deployment is doubtful. Hence it would be better to change some parameters to make the simulation results useful for practical deployment. Some main factors for LOS probability, like BS antenna height, UT antenna height, clutter density, clutter size and clutter height, need to be changed, which is beneficial to increase the LOS probability for some scenarios and make the simulation results useful.
Observation 1: The LOS probability (vs distance) of InF scenarios from high to low are InF-SH, InF-SL, InF-DH, InF-DL.
Proposal 4: A proper configuration to increase LOS probability for some scenarios should be evaluated.
[image: ]
Figure 1 LOS probability vs distance for 4 InF scenarios
Discussions on some InF scenarios for positioning purpose
It’s obvious that InF-HH is not designed for positioning. Meanwhile, other 4 scenarios are for different use cases. InF-SL and InF-SH are applied to several mixed production areas with open spaces and storage/commissioning areas. InF-DL and InF-DH are appropriate for assembly and production lines surrounded by mixed small-sized machineries. However, both Tx and Rx are below the average height of the clutter for InF-DL scenario, which causes low LOS probability that is inappropriate for positioning.
Assembly and production lines are the most important use cases for industrial scenarios, which consists of following three areas,
· Alleys(corridors), where objects in there are metallic, moving slowly and of medium size (typical small to large fork lifts, tugger trains with 2-3 four-wheeled carriages, AGV, ect.
· Assembly lines, where the space up close to the ceiling is considered occupied with medium to small metallic objects that have moving parts (conveyer belts, robots, handlers, chassis, etc).
· Production Area for discrete manufacturing, where the space up close to the ceiling is considered occupied with medium to small metallic objects. The area itself is structure with metallic fences as well as metallic blocking objects such as shelves, frames, pillars, etc.
There are so many equipment or productions need to be delivered and stored. It’s foreseeable that inbound logistics will take an important part for manufacturing. Driving and storage urgently requires accurate location, since vehicles need to know exact driving trajectories and storage places/shelves.
Proposal 5: InF-DH is appropriate for alleys, assembly and production area, which should be considered for further study.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we discuss additional scenarios for positioning in Rel.17. Based on the discussion, we have the following observations and proposals.
Proposal 1: Interested companies need to evaluate if Rel.16 positioning solutions and novel positioning methods can meet the requirement of Rel.17 commercial use cases based on a loose bound requirement at first, then stricter requirements are discussed for next stage. 
Proposal 2: The scenario parameters common to all scenarios in table 6.1.1-1 in TR 38.855 are reused for evaluation in Rel.17, but the bandwidth should be no less than 100MHz.
Proposal 3: Common evaluation parameters for IIOT channels in table 7.8-7 in TR 38.901 are reused for evaluation in Rel.17, but the BS antenna configurations, UT antenna configurations, carrier frequency, bandwidth should follow table 6.1.1-1 in TR 38.855.
Observation 1: The LOS probability (vs distance) of InF scenarios from high to low are InF-SH, InF-SL, InF-DH, InF-DL.
Proposal 4: A proper configuration to increase LOS probability for some scenarios should be evaluated.
Proposal 5: InF-DH is appropriate for alleys, assembly and production area, which should be considered for further study.
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Appendix A
Table 6.1.1-1: Common scenario parameters applicable for all scenarios
	[bookmark: _GoBack]
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	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 antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an gNB 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:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



Table 6.1.1-2: UE antenna radiation pattern model 1 (FR2) 
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE, max
	5dBi

	
	
Note:  are in local coordinate system.
















Appendix B
Table 7.8-7: Simulation assumptions for large scale calibration for the indoor factory scenario
	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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