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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, Rel-17 NR positioning SI was approved in [1], with the exemplary performance targets of
Sub-meter level accuracy and 100ms latency for general commercial use cases
Accuracy <0.2m and latency in the order of 10ms for IIoT use cases
The objective of the SI for RAN1 includes 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 (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. 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. [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.



Since positioning in general use case was already studied and evaluated in Rel-16 SI and the corresponding TR [2], in this contribution, we present our views only for the IIoT scenario, including considerations on
Detailed sub-scenario of InF
Requirements
Evaluation methodology

Scenario
Five sub-scenarios are defined in TR 38.901 [3] while only four of them are calibrated for large scale parameters. The calibrated scenarios are:
InF-SL (Sparse-clutter, Low BS)
InF-DL (Dense-clutter, Low BS)
InF-SH (Sparse-clutter, High BS)
InF-DH (Dense-clutter, High BS)
It is not realistic or necessary to evaluate all of the above scenarios. As a typical deployment of factory with positioning service, we tend to think that InF-SH is more suitable and optimized for positioning since it is very challenging to position a UE in a dense clutter environment with a very high accuracy. Moreover, if the BS is mounted on the ceiling, for instance 8 meters high above the ground, it may have a better visibility toward the UE. For other scenarios, if needed, can also be evaluated with a proper positioning accuracy requirement.  
Note that the clutter type described for this scenarios is “Big machineries composed of regular metallic surfaces. For example: several mixed production areas with open spaces and storage/commissioning areas” [3]. Indeed there may be a vast variety of deployment options, but InF-SH, in our view, reflects the environment that IIoT positioning can reliably work. 
We may also consider scenarios, such as InF-DH, and study the feasibility of reach positioning accuracy target in those scenarios.
Proposal 1: Select InF-SH for IIoT scenario with first priority for evaluations.
1. InF-DH is considered as second priority for evaluations.

Requirements and evaluation methodology
Following exemplary performance targets are set for IIoT use cases [1]:
Positioning accuracy < 0.2m
Latency in the order of 10ms
Below, we provide our views regarding above performance targets. 
Accuracy
Positioning accuracy can be easily tested at least from RAN1 perspective. However, the confidence level at which the positioning accuracy is achieved is not defined yet even as an exemplary target in the SID.
In Rel-16, the requirements for indoor deployment scenario are defined as
Horizontal positioning error < 3m for 80% of UEs 
Vertical positioning error < 3m for 80% of UEs
Similar to Rel-16, we believe that a confidence level such as a CDF value for a given positioning error, should also be included as a part of the accuracy requirement since positioning targets of, for instance, 0.2m@50% and 0.2m@90% are totally different requirements.
For IIoT scenario, as well as general commercial use case, we think 90% confidence level should be set for the target positioning error.
In addition, based on our initial evaluation in the companion contribution [6], it would be hard to meet the 0.2m@90% requirement, and thus we suggest to relax the requirement to [0.2m – 0.5m]@90% and conclude what the achievable positioning accuracy can be considering potential enhancement at the end of the study.
Proposal 2: The target positioning accuracy is set to [0.2m - 0.5m]@90% for at least InF-SH scenario.
Accuracy target for other scenarios may be relaxed if supported.

Latency
Rel-16 simplified evaluation for latency as agreement shown below in RAN1#94b.
	Agreement:
· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions



Observation 1: Latency was evaluated analytically for the proposed solutions in Rel-16. 
Latency budget for physical layer
If consider to quantitatively evaluate the latency in Rel-17, the 10ms end-to-end latency requirement can be split into the physical layer latency and the higher layer/CN latency based on the following principles:
For Mobile Terminated Location Request (MT-LR) [5], considering location information transfer in the core network, which is assumed to be [4] ms, the budget of physical layer latency is set to [6] ms.
For Mobile Originated Location Request (MO-LR) [5] with UE-assisted positioning, considering the measurement transfer and location information transfer in the core network, which is assume to be [4] ms, the requirement of physical layer latency is set to [6] ms.
For MO-LR with UE-based DL-only positioning, considering there is no measurement or location information transfer, the requirement of physical layer latency is set [10] ms.
For MO-LR with UE-based non-DL-only positioning (UE-based UL-only or UE-based multi-RTT, which are not supported in Rel-16), considering the measurement transfer from NG-RAN to UE via core network, which is assumed to be [2] ms, the requirement of physical layer latency is set to [8] ms.
Performance metric for physical layer latency
For the purpose of evaluating physical layer latency, one way to move forward is to represent physical layer latency using the following equation:

where
 is the periodicity of the respective DL or UL RS
 is the number of combined occasions of the respective DL or UL RS to derive the measurements. If the RS is not used,  is set to 0.
Occasion combining can be used for coherent combining to boost the SINR, non-coherent combining to improve diversity, or Rx beam sweeping in case that the repetition number cannot support full Rx beam sweeping.
Proposal 3: Consider to adopt the following simplified physical layer latency representation

We suggest setting  as the baseline which shows the accuracy performance with the earliest report. Sources could provide evaluations for other values of  as well.

Network efficiency
Since there is no target requirement for network efficiency, sources may report the network efficiency as a part of their simulation results. To quantize the network efficiency, sources can report the resource utilization associated with DL PRS and/or SRS used for positioning. For example, the efficiency can be calculated by the ratio of radio resources occupied by PRS and SRS within the total amount radio resources.
Proposal 4: Consider to adopt the resource utilization of PRS and SRS as the metric for network efficiency.

UE power consumption
UE power consumption comes from the following aspects
DL PRS measurement
Location measurement report
SRS transmission
Power consumption on DL PRS measurement and reporting may primarily depend on UE implementation, so we suggest focusing to evaluate the power consumption contributed to SRS transmission. 
One alternative is to use the energy for burst SRS transmission, which can be calculated via

Where
 is the instant transmission power of SRS in the evaluation
 is the total amount of time in seconds in which UE transmits SRS symbols including CP length.
Another alternative can also be considered to model the average power for a long term periodic SRS via

Where
 is the instant transmission power of SRS in the evaluation
 is the SRS periodicity
 is the total amount of time in seconds within the SRS periodicity in which UE transmits SRS symbols including CP length.
Proposal 5: Consider to adopt either the transmission energy for burst SRS transmission or the average transmission power for periodic SRS transmission for evaluating UE power consumption. 

Simulation set-up
To maximize the alignment with evaluation in [2], we suggest to consider the evaluation assumption as shown in the Appendix.
Proposal 6: Adopt the evaluation methodology in the Appendix.
Regarding reference signal configuration, it depends on whether the results need to be calibrated. If calibrating results deemed unnecessary, a procedure following Rel-16 can be adopted so that each source reports the configuration while RAN1 only provides the guideline, such as the center frequency, bandwidth, and numerology.
Ideal muting should be the baseline for muting of DL-PRS and no-muting can be considered as optional. 
It should be up to each individual source to decide on the channel estimation algorithm, localization algorithm, and even positioning techniques used in the evaluation.
Proposal 7: No need to define a baseline reference signal, positioning technique, nor positioning algorithm for evaluations.

[bookmark: _Ref129681832]Conclusion
Observation 1: Latency was evaluated analytically for the proposed solutions in Rel-16. 
Proposal 1: Select InF-SH for IIoT scenario with first priority for evaluations.
1. InF-DH is considered as second priority for evaluations.
Proposal 2: The target positioning accuracy is set to [0.2m - 0.5m]@90% for at least InF-SH scenario.
1. Accuracy target for other scenarios may be relaxed if supported.
Proposal 3: Consider to adopt the following simplified physical layer latency representation

Proposal 4: Consider to adopt the resource utilization of PRS and SRS as the metric for network efficiency.
Proposal 5: Consider to adopt either the transmission energy for burst SRS transmission or the average transmission power for periodic SRS transmission for evaluating UE power consumption. 
Proposal 6: Adopt the evaluation methodology in the Appendix.
Proposal 7: No need to define a baseline reference signal, positioning technique, nor positioning algorithm for evaluations.
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Appendix
The common parameters in Table 6.1.1-1 and Table 6.1.1-2 of [2] for all scenarios are reused for IIoT scenario, where 5MHz bandwidth is removed.
Table 6.1.1-1: Common scenario parameters applicable for all scenarios
	
	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 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

	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 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:	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.



The IIoT specific parameters are listed as follows
Table 6.1.1-3: Scenario 1. IIoT scenario parameters
	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	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 (InF-DH)
-	For the big hall (L=300m x W=150m): D=50m (InF-SH)[image: ]

	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

	Channel model
	InF-SH – Note 2
InF-DH – Note 2

	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
	8m

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

	



The antenna radiation pattern of single sector and 3-sector is also attached as follows [4]
	Single sector
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


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

	3-sector
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	8dBi

	
	Electric tilting
	110 degree 
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