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In 3GPP RAN Meeting #86, a new Study Item on Further Study on NR Positioning Enhancements was approved in RP-193237 with the following objectives:
“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.”
In this contribution, the scenarios that needs to be considered in Release 17 for IIOT are proposed.  Notably, the importance of the non-LOS characteristic that is especially prevalent in indoor IIOT deployments is highlighted. 

Discussions  
[bookmark: _Ref129681832]In the SID, the following requirements have been targeted to address the higher accuracy location requirements resulting from new applications and industry verticals: 
· For general commercial use cases (e.g., TS 22.261): sub-meter level position accuracy (< 1 m)
· 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. 

There is also ongoing email discussion prior to this meeting on adopting some or all of the eight IIOT scenarios as defined in TR 22.804, with each of them having different performance requirements in terms of horizontal accuracy, latency, and availability. In our view, it may not be strictly needed to formally adopt a specific requirement from TR 22.804 for practical progress of this SI. There will be questions on how to deal with the numerous targeted requirements that are meant for different deployments. In addition, the potential enhancements outcome of this SI would be difficult to be decided in isolation w.r.t to the requirements i.e. requirements can be met with combined techniques taking into consideration the diverse set of constraints either at the network or UE implementations. Therefore, we support the Option 2 of the Rapporteur’s proposal on the targeted requirements for Rel-17 with the goal that it would the unnecessary lengthy discussion time to achieve consensus on down-selection.  

Observation 1: Support Option 2 from the Rapporteur’s summary, to avoid unnecessary lengthy discussion time to achieve consensus on down-selection:
· Option 2: Define the target positioning requirements in Rel-17 with the consideration of the positioning performance defined in Table 8.1.7 in TR 22.804 (e.g., using the exemplary performance targets in the SID), but the target positioning requirements may not necessarily be associated with particular IIOT scenario(s).
Prior studies conducted in RAN1 (RP-182138) has already identified and documented the various IIOT scenarios, and its channel and evaluation parameters. The following 5 Indoor Factory (InF) scenarios have been defined and described in TR 38.901:
· [bookmark: _GoBack]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)
With the extensive studies that have been performed, RAN1 should adopt the results and outcome of the study on Channel model for IIOT Scenarios directly, where applicable, in our Positioning enhancement studies.
Proposal 1: The channel models, parameters and modelling techniques as described for IIOT scenarios in TR 38.901 are adopted for this Study Item.

The LOS and NLOS propagation between UE and BS are important factors that influence the final precision of the position determination. The NLOS propagation is characterized by an excess propagation delay with respect to the LOS propagation between the UE and gNB. These aspects have been discussed extensively during the IIOT Channel Model SI and described throughout the TR 38.901. Numerous real- world measurements for industrial scenarios are available in the literature and one such study for the 2-6 GHz can be found in [1]. The results showed an average 5ns delay difference between LOS and NLOS indoor first strongest paths, which would correspond to an additional propagation distance of 1.5m for NLOS with respect to LOS.
These excess propagation delays can lead to an overestimation of distance between the UT and BS. In a pre-dominantly LOS environment e.g. outdoor sparse area, these delays may not need to be modeled and the NLOS effects are considered in terms of the path loss only. However, when in a NLOS dominant environment such as indoor factory and when the time of arrival of the path is of great importance to the calculation of the positioning of the receiver, the arrival time of the paths must be modeled correctly.
Many of the above issues were known and studied during the Study Item of the IIOT channel model in Release 16 in RAN1. For example, TR 38.901 details the use of blockage models in Section 7.6.4.2 to model the human and vehicular blocking either through stochastic or geometric method, in Model A and B, respectively. These models when incorporated into the channel model facilitate methods to distinguish between the LOS and NLOS due to a blockage of the direct path (LOS). For instance, the Blockage Model B specifies the deterministic geometry of the blockage rectangular screens (screen dimensions and position) and use it to calculate the pathloss using the knife edge diffraction coefficients that are based on the deterministic locations of the blockage screens on the UE and gNB propagation paths.  
Alternatively, a more efficient and preferred method is described in Section 7.6.9 of TR38.901 where the propagation time delay of the NLOS paths, , is modeled using a lognormal distribution with parameters according to Table 7.6.9-1. Parts of Section 7.6.9 are copied below:
[bookmark: _Toc20340143]7.6.9	Absolute time of arrival
...  is generated from a lognormal distribution with parameters according to Table 7.6.9-1.  is generated independently for links between the same UT and different BS sites. The excess delay in NLOS, , should further be upper bounded by , where  is the largest dimension of the factory hall, i.e.  = max(length, width, height).
		(7.6-43)
	.	(7.6-44)
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



Hence,  models the incurred mean positive bias in the time of arrival that occurs for the NLOS TOA due to the additional reflections that cause the longer propagation delay. Without  and lacking a ray tracing approach where NLOS propagation paths are correctly modeled, there would be no differentiation among the received paths i.e. all received paths can be considered as LOS paths in the positioning estimation. In other words, the first peak of the positioning detection correlation does not necessary corresponds to the line of sight (LoS) propagation between the transmitter and receiver when there is no direct path between transmitter and receiver (non-line of sight NLOS). In the case of NLOS the distance calculated based on TOA overestimates the real distance between transmitter and receiver, which leads to errors in positioning determination. 
The performance impact of NLOS on the positioning accuracy was studied initially during the Release 16 Study on Positioning [2]. However, indoor IIOT was not the prioritized scenario for Release 16 and the lack of time prevented further evaluation and study on it.  
In our view, it is important that these studies that were performed and completed in 2019 during the IIOT channel model SI and its extensive consideration of NLOS scenarios be adopted in our study of Positioning enhancements in Release 17. 
Proposal 2:  Positioning enhancements evaluation should reuse the modeling as provided in TR 38.901. Specifically, either the modeling of Absolute Time of Arrival in Section 7.6.9 of TR38.901 or the Blockage Model in Section 7.6.4 of TR38.901 is adopted to model the NLOS effects for indoor IIOT deployments.  

Conclusions
In this contribution, some main issues that should studied in this Study Item are highlighted. The following are proposed.
Observation 1: Support Option 2 from the Rapporteur’s summary, to avoid unnecessary lengthy discussion time to achieve consensus on down-selection:
· Option 2: Define the target positioning requirements in Rel-17 with the consideration of the positioning performance defined in Table 8.1.7 in TR 22.804 (e.g., using the exemplary performance targets in the SID), but the target positioning requirements may not necessarily be associated with particular IIOT scenario(s).

Proposal 1: The channel models, parameters and modelling techniques as described for IIOT scenarios in TR 38.901 are adopted for this Study Item.
Proposal 2:  Positioning enhancements evaluation should reuse the modeling as provided in TR 38.901. Specifically, either the modeling of Absolute Time of Arrival in Section 7.6.9 of TR38.901 or the Blockage Model in Section 7.6.4 of TR38.901 is adopted to model the NLOS effects for indoor IIOT deployments.  
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