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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-16, several positioning techniques (DL-TDOA, DL-AoD, Multi-RTT, UL-RTOA, UL-AoA, E-CID) have been defined to support regulatory and commercial use cases. For commercial uses cases, the target horizontal positioning requirements were 
· Positioning error <3 m (80% UEs) for indoor scenarios 
· Positioning error <10 m (80% UEs) for outdoor scenarios
The Rel-16 positioning study has been concluded in TR 38.855.

To address the higher accuracy positioning requirements for new industrial applications, it has been agreed (see RP-193237) that in Rel-17 RAN1 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.

 The objectives given in RP-193237 are:
1. Define additional scenarios (e.g. IIoT) based on TR 38.901 to evaluate the performance for the use cases
2. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in IIoT scenarios and identify any performance gaps.	
3. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case.
In this contribution, we show our evaluation of DL-AoD technique under IIoT Scenario.

Overview of IIoT Scenario
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Regarding IIoT use cases, there are 5 indoor factory (InF) scenarios defined in TR 38.901: 
· 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
· Tx & Rx both elevated above the clutter
Where clutter represents machinery, assembly lines, storage shelves, etc. Sparse clutter means that percentage of surface area occupied by clutter is smaller.
Evaluation parameters for InF scenarios are given in Table 7.2-4 in TR 38.901 (see Appendix 1). In email discussion, the simulation settings have been defined more specifically as given in Appendix 2.
We would not discuss InF-HH since the related simulation parameters are not clearly defined. 
One main difference between InF scenarios is the LOS probability. In the following we show the LOS probability (as a function of the distance between a UE and a gNB) for InF and InH scenarios:
[image: ]
Figure 1: LOS probability for InF scenarios
It can be seen that InF-SH has very high LOS probability, whereas InF-DL and InF-DH have very low LOS probability.

Evaluation of DL-AoD technique under IIoT Scenario
A brief description of DL-AoD technique is given in Appendix 3. 
In simulations, we consider FR2, SCS 120kHz, and BW 100MHz.
The PRS configuration for each TRP:
· Number of PRS resources (Tx beams): 8
· PRS comb: 4
· PRS symbol number in one slot: 4
· PRS repetition: 1
· Number of PRS occasion: 10
For a TRP, in one PRS occasion there are 8 PRS beams, and each PRS beam is transmitted in a specific slot (as shown in the following table). There are 10 such PRS occasions. The UE fixes its Rx beam to measure these 10 PRS occasions, and then estimate the PRS-RSRP for each PRS beam.
The PRS from multiple TRPs are arrange in time/frequency domain so that there is no interference between PRSs from these TRPS. 
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In the following we show the simulation results for DL-AoD positioning in InF-SH and InF-SL scenarios:
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Figure 2: Performance of DL-AoD positioning under InF-SH scenario
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Figure 3: Performance of DL-AoD positioning under InF-SL scenario
In the simulation, each UE is assigned with a random orientation. For UEs equipped with 2 opposite Rx antenna panels, if the maximum RSRP measured is from Rx panel k, then UE reports all RSRPs measured from panel k, where k = 1,2.
We have the following observations from the simulation results:
Observation 1: For InF-SH (note that the inter-site distance (ISD) is 50m):
· Even assuming all LOS channel and UEs are equipped with omni-directional antenna, the positioning error cannot achieve error <1m for 80% UEs
· Consider realistic channel condition (i.e., a channel may be LOS or NLOS). Assume UEs are equipped with two opposite direction antenna elements. We then see that DL-AoD can only achieve error < 2.4m for 80% UEs.
Observation 2: For InF-SL (note that ISD is 20m):
· Assuming all LOS channel and UEs are equipped with omni-directional antenna, the positioning error can achieve error <1m for 80% UEs
· However, consider realistic channel condition and assume UE are equipped with two opposite direction antenna elements, we then see that DL-AoD can only achieve error < 1.5m for 80% UEs.
Observation 3:  Performance in InF-SH is worse than that in InF-SL. This is because ISD in InF-SH is larger than that in InF-SL. Note that under the same AoD estimation error, large ISD would lead to larger positioning error.
Observation 4: The key UE measurement in DL-AoD technique is PRS-RSRP. In NLOS channel condition, the RSRP measurement suffers large distortion. Since the LOS probability is very low for InF-DL and InF-DH scenarios, it is expected that DL-AoD technique cannot meet the requirement that positioning error <1m for 80% UEs in InF-DL and InF-DH scenarios, unless UE can overcome the NLOS channel condition and have a better estimation of PRS-RSRP.

Conclusions
Observation 1: For InF-SH (note that the inter-site distance (ISD) is 50m):
· Even assuming all LOS channel and UEs are equipped with omni-directional antenna, the positioning error cannot achieve error <1m for 80% UEs
· Consider realistic channel condition (i.e., a channel may be LOS or NLOS). Assume UEs are equipped with two opposite direction antenna elements. We then see that DL-AoD can only achieve error < 2.4m for 80% UEs.
Observation 2: For InF-SL (note that ISD is 20m):
· Assuming all LOS channel and UEs are equipped with omni-directional antenna, the positioning error can achieve error <1m for 80% UEs
· However, consider realistic channel condition and assume UE are equipped with two opposite direction antenna elements, we then see that DL-AoD can only achieve error < 1.5m for 80% UEs.
Observation 3:  Performance in InF-SH is worse than that in InF-SL. This is because ISD in InF-SH is larger than that in InF-SL. Note that under the same AoD estimation error, large ISD would lead to larger positioning error.
Observation 4: The key UE measurement in DL-AoD technique is PRS-RSRP. In NLOS channel condition, the RSRP measurement suffers large distortion. Since the LOS probability is very low for InF-DL and InF-DH scenarios, it is expected that DL-AoD technique cannot meet the requirement that positioning error <1m for 80% UEs in InF-DL and InF-DH scenarios, unless UE can overcome the NLOS channel condition and have a better estimation of PRS-RSRP.
Appendix 1: Evaluation parameters for InF
Table 7.2-4 in TR 38.901: Evaluation parameters for InF
	
	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

	
	Effective clutter height 
	< 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%)
	Low clutter density
(<40%)
	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
	100% LOS

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








Appendix 2: Simulation settings for InF scenarios

	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	[InF-SL, InF-DL, InF-SH, InF-DH and/or InF-HH]
	[InF-SL, InF-DL, InF-SH, InF-DHand/or InF-HH]

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

	
	BS locations
	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

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Peneteration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

	Min gNB-UE distance (2D), m
	0m

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

	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

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901






Appendix 3: Review of DL-AoD technique
The DL-AoD technique may work as follows:
Step 1: The network configures an UE to measure RSRP for several PRS resource sets
· Note: A PRS resource set is associated with a TRP
Step 2: Each TRP transmits PRS on time/frequency resources specified by PRS resources of a PRS resource set
· Note: A PRS resource is associated with a Tx beam and a PRS resource ID
Step 3: The UE measures PRS transmitted from TRPs and reports measured PRS-RSRP to the network
Step 4: The location server estimates the AoDs based on the UE’s PRS-RSRP report
Step 5: The location server estimates the UE’s position by using the estimated AoDs
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