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1   Introduction
Rel 16 NR positioning support is standardized for both regulatory and commercial use cases. To address the higher accuracy location requirements resulting from new applications and industry verticals, Rel 17 positioning enhancement study is initiated to evaluate and specify enhancements. It is expected that the solutions should meet the sub-meter level position accuracy (< 1 m) and for IIoT use cases it should meet position accuracy < 0.2 m. Further, it is expected that the positioning latency requirement is reduced to < 100 ms whereas for some IIoT use cases, latency in the order of 10 ms is desired. 

This study item includes the following objectives:
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, signaling 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.

This contribution gives the initial evaluation assumptions and considerations. 
2  IIOT use cases for positioning enhancements
Industrial internet of things (IIoT) consists of interconnecting the various processes and activities happening in factories, warehouses, manufacturing plants etc with the network.  IIoT shall help to interconnect sensors, instruments, and other devices to the network together with industrial applications.  The positioning requirements for these use cases are arising to give insight into processes or environmental conditions. Similarly, it shall provide insight into inventory of materials and asset management or their maintenance in 22.804[3], an elaborative study is performed on future factories service demands/necessities and various requirements are derived. One of the requisites for effective IIoT deployment is stringent positioning accuracy with low latency. IIoT requires accuracy on sub-meter level (<1m) and latency <1s for most of the critical applications. Some of the applications are mobile control panels with safety functions, process automation – plant asset management and inbound logistics for manufacturing. Even though the service requirements for different use cases are very diverse, the required positioning accuracies and latencies are common in the sense that it should be more stringent than the assumed requirement in Rel 16 NR positioning support.  Moreover, the requirements set in the 22.804[3] are not supposed to be fulfilled with RAT dependent positioning alone. Therefore, RAN1 study need not be restricted to selective scenarios from 22.804[3]. Rather its crucial to select the simulation scenarios from the 38.901[1] for indoor factory.  In IIoT channel model study, five indoor factory scenarios are defined. These scenarios are, 
· 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)

These scenarios differentiate the factory environment based on the density and height of factory clutters and gNB height. In general, the large factories and warehouses have different kinds of machineries and metallic parts arranged densely. Therefore, Dense clutter scenarios are important for the positioning study which makes InF-DL and InF DH scenarios necessary for evaluation study. Due to low LOS probability it will give worst case accuracy performance.

Proposal 1: For Rel 17 positioning enhancement, InF-DL and InF-DH or mix of both in single scenario should be considered for evaluation of positioning for IIoT use cases.

SI on positioning further clarifies that the enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in Rel 17. Thus, any new modifications are introduced in Rel 17, they should be evaluated for at least some scenarios of the Rel 16. Hence, the InH scenario should be considered along with InF scenarios in Rel 17 evaluation.

Proposal 2:   In Rel 17, at least InH scenario should be considered along with InF scenarios.

3  Performance metric for positioning enhancement 
In IIoT scenarios, accuracy, latency, and power consumption requirements are more stringent compared to the with the Rel 16 evaluation due to mission critical and safety point of view. Therefore, evaluation in Rel 17 requires additional metric along with the Rel 16 metrics for performance evaluation. In Rel 16, the following performance metrics are used for evaluation of positioning accuracy,
1. Horizontal accuracy 
2. Vertical accuracy 
3. Analytical evaluation of Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity.

Horizontal accuracy and vertical accuracy are provided in terms CDF of respective errors and percentile value at 50%, 67%, 80% and 90%. In Rel 17, it may be useful to consider larger percentiles due to the positioning performance requirements in TR 22.804[3] for different scenarios. Therefore, in Rel 17 additional percentile values e.g. 95%, 99% can be considered. In an InF scenarios, LOS probabilities are different in different scenarios. This will deviate the positioning accuracy. For the effective comparison of accuracy deviation, it will be useful to plot accuracy CDF by forcing the link to LOS. Comparison between regular accuracy CDF and forced LOS link accuracy CDF will give better insight on the performance of positioning methods.
Power consumption is another important aspect in IIoT use cases. The factories of future are realised with lot of sensors and remote-control units which have tight power budget. Therefore, quantifying the power consumption is important to positioning analysis.

Proposal 3: In Rel 17, additional percentile values e.g. 95%, 99% can be considered as accuracy metric both for vertical and horizontal positioning. 

Proposal 4: LOS link based achievable positioning accuracy should be used to compare the deviation of actual positioning accuracy.

Proposal 5: Quantification of Power consumption for performance evaluation of positioning should be introduced.


4  Evaluation parameters for Rel 17 positioning enhancement study

For evaluation parameters, we should mostly reuse the Rel 16 Table 6.1.1-1 from 38.855 [2]. The common parameters for Rel 17 evaluation can be as below,

	
	FR1 Specific Values
	FR2 Specific Values 

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

	Bandwidth, MHz
	20MHz, 50MHz for 2GHz
50MHz, 100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 20MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	
	
	

	UE model parameters 
	
	

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

	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 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 1: Common scenario parameters applicable for all scenarios in Rel 17 study on positioning enhancement 

Only difference in table is the introduction 20 MHz bandwidth instead of 5Mhz bandwidth. Although to achieve the required accuracy 5MHz is not sufficient, 50 MHz bandwidth is difficult to realise practically below 2 GHz band in some of the region (e.g. Indian region). Therefore, to have evaluation of less than 50 MHz bandwidth e.g. 10 MHz or 20 MHz is important. Similar case with below 4 GHz.

Proposal 6: Table 1 should be agreed as common scenario parameters.
5  Other Parameters
5.1  Evaluation parameters for IIoT scenarios
For IIoT scenarios following table from 38.901 [1] Table 7.8.4 can be reused. 

	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-DL, InF-DH, [InF-SL, InF-SH]
	InF-DL, InF-DH, [InF-SL, InF-SH]

	Layout 
	Hall size
	300x150 m


	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
FFS: asymmetrical location for the BSs

	
	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

	Penetration loss
	0dB

	Number of floors
	1

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

	UE mobility
	3km/h, [10Km/h, 20Km/h]

	UE antenna height
	1.5m
FFS: uniformly distributed within a pre-defined range, e.g., [0.5 ~ 9]m

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

	gNB antenna height
	BS height = 1.5 m 
BS-height = 8 m

	Clutter parameters: {density , height ,size }
	Low clutter density: {20%, 2m, 10m} 
High clutter density: {60%, 6m, 2m}
FFS High clutter density: {40%, 4m, 4m}:

	LOS probability
	LOS probability for InF scenarios is modelled according to Section 7.4.2 in TR 38.901

	Absolute time of arrival
	FFS: Absolute time of arrival for InF scenarios is modelled according to Section 7.6.9 in TR 38.901

	Blockage modelling
	FFS: Blockage model B from Section 7.6.4.2 in TR 38.901 is included in simulation evaluation.
(Details of the modelling parameters, e.g., the number of blockers, the blocker extensions, locations, etc.), need to be further discussed if blockage model is included in simulation evaluation.

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


Table 2: IIoT scenario parameters applicable in Rel 17 study on positioning enhancement 

Assumption of UE speed 3 km/h is InF scenarios may not be reasonable due to involvement of moving parts and machineries. Therefore, 10 or 20 km/h speed should be adopted for UEs in IIoT scenarios. Similarly, a single hall size can be chosen instead of the two. 
Further, the parameters related to clutter will affect the positioning accuracy in InF scenario. Therefore, defining the clutter parameters i.e. density , height , size  is very crucial. Below figure shows the LOS probability of different InF scenarios. In figure 1, LOS probability is plotted with clutter parameters as in table 2 whereas in figure 2 LOS probability is plotted with clutter parameters mentioned as FFS in table 2 i.e. = 40%,, =4m, =4m.
[image: ]
[bookmark: __DdeLink__48940_727975347]Figure 1: LOS probability for different InF scenarios with Low clutter density: {= 20%,, =2m, =10m} (for InF_SL and InF_SH) High clutter density: {= 60%,, =6m, =2m} (for InF_DL and InF_DH)

[image: ]Figure 2: LOS probability for different InF scenarios with Low clutter density: {= 20%,, =2m, =10m} (for InF_SL and InF_SH) High clutter density: {= 40%,, =4m, =4m} (for InF_DL and InF_DH)
5.2 Evaluation parameters for InH scenarios
As mentioned in above section for evaluation of Rel 16 performance and future changes in Rel 17 on Rel 16 positioning methods, it is desirable to include InH scenario from the Rel 16 study. Therefore Table 6.1.1-3 from 38.855 can be reused.




	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1

	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
	Indoor open office – Note 2

	Penetration 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
	3m

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




Table 3: InH scenario parameters applicable in Rel 17 study on positioning enhancement 

Proposal 7: Table 2 and 3 should be agreed as scenario specific parameters.


6  Rel 16 DL PRS and UL SRS Configurations for evaluation
One of the main objectives of Rel 17 positioning study is the evaluation of Rel 16 positioning methods and its performance in additional scenarios. Major change in NR positioning on top of LTE positioning is the introduction of few more methods for RAT based positioning e.g. UL-TDOA, AoD/AoA based measurement. Similarly, PRS introduced in NR is more flexible than the LTE PRS and new UL positioning reference signal is introduced with reuse of SRS with additional configurations. Therefore, it is important to evaluate the NR positioning RSs for additional scenarios that are being introduced in Rel 17. Due to flexible nature of PRS in NR it will be beneficial to define minimum parameters for the DL-PRS and UL-SRS for positioning to have uniform results across different sources. Similarly, to quantify the power consumption for given accuracy it will be beneficial to specify such critical parameters for appropriate comparison of results. Such parameters could be DL-PRS-Periodicity, DL-PRS-ResourceRepetitionFactor, DL-PRS-ReOffset, DL-PRS-CombSizeN, DL-PRS-NumSymbols, DL-PRS-expectedRSTD, DL-PRS-expectedRSTD-uncertainty etc for DL-PRS and  transmissionComb, SRS-Periodicity, resourceType, P0 etc.

Proposal 8: For uniform results across different sources, common parameters for DL-PRS and UL-SRS for positioning should be defined in evaluation methodologies of Rel 17 positioning enhancement.

7  Conclusion
This contribution proposed the scenarios and parameters for positioning enhancement performance evaluation in Rel 17. Following proposals are present in the contribution. 

Proposal 1: For Rel 17 positioning enhancement, InF-DL and InF-DH or mix of both in single scenario should be considered for evaluation of positioning for IIoT use cases.

Proposal 2:   In Rel 17, at least InH scenario should be considered along with InF scenarios.

Proposal 3: In Rel 17 additional percentile value e.g. 95%, 99% can be considered as accuracy metric both for vertical and horizontal positioning.

Proposal 4: LOS link based achievable positioning accuracy should be used to compare the deviation of actual positioning accuracy.

Proposal 5: Quantification of Power consumption for performance evaluation of positioning should be introduced.

Proposal 6: Table 1 should be agreed as common scenario parameters.

Proposal 7: Table 2 and 3 should be agreed as scenario specific parameters.

Proposal 8: For uniform results across different sources, common parameters for DL-PRS and UL-SRS for positioning should be defined in evaluation methodologies of Rel 17 positioning enhancement.
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