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Introduction
In RAN#86, a study item on “NR Positioning Enhancements” was approved [1]. One of the objectives of this SI is to study enhancements and solutions to support higher accuracy positioning, with low latency, network efficiency and device efficiency.
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. 

The release 17 SI builds on and further enhances NR positioning support based on the NR positioning schemes developed in release 16 [2]. Release 16 developed and enhanced the reference signals as well UE/gNB measurements and procedures based on these reference signals to support NR positioning techniques. The NR positioning techniques supported in release 16 include, DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID. 
Relative positioning schemes refer to positions schemes that estimate position relative to other network elements or relative to other UEs. In TS 22.261 [3], Table 7.3.2.2-1 lists the performance requirements for Horizontal and Vertical positioning service levels, one of these requirements is for relative positioning as shown in the table below:
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical  Accuracy
(note 1)
	
	
	5G positioning   service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	
	
	
	
	
	
	

	7
	R
	0.2 m
	0.2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (note 3)



As stated in NOTE 1 above, “Sidelink is not part of this objective”. However, downlink and uplink channels on the NR Uu interface can be used for positioning. In this contribution, we present Samsung’s views using the uplink channels for relative positioning between UEs.
Discussion
In TR 22.804 [4], the position service requirements for smart factories of the future have been identified and include relative positioning as one of the accuracy criteria as shown in Table 1.
[bookmark: _Ref40028843]Table 1: Positioning Service Performance Requirements from [4].
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	
	
	
	
	
	
	

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20



For industrial IoT (IIoT), moving tools, such as forklifts, are required to locate and transport objects, that could be tightly stored, from point A to point B, locating and selecting the right object to move requires accurate relative positioning between the forklift and the object to be selected and moved. Figure 1 is a simplified example that illustrates how a forklift can potentially select a wrong object in a factory with tightly packed objects. In this example, the objects are placed at a pitch of 40 cm. The absolute positioning accuracy is +/- 20 cm. The figure on the left shows the actual positions of Object A (the target object to be selected and moved by the forklift), Object B and the forklift. Object A is 120 cm (in the horizontal direction) from a reference point, while Object B is 160 cm (in the horizontal direction) from a reference point, and the forklift is 160 cm (in the horizontal direction) from a reference point, i.e. the forklift is actually in front of Object B. The figure on the right, shows the perceived position of Object A and the forklift after the position of each is determined. When the position of Object A is measured, it is determined with an error of +20 cm, i.e. it is perceived that Object A is 140 cm (in the horizontal direction) from a reference point. When the position of the forklift is measured, it is determined with an error of -20 cm, i.e. it is perceived that the forklift is 140 cm (in the horizontal direction) from the reference point. Hence, it is perceived that object A is in front of the forklift, and the forklift proceeds with the selection of the object in front of it, which actually is not Object A, but Object B from the actual positioning diagram on the left in Figure 1.
It should also be noted that we as humans, when we select an object, we don’t know our absolute position and the absolute position of the object, but rather make a determination based on the relative position between us and the object. So it would seem natural to use relative positioning in some applications.



[bookmark: _Ref40027226]Figure 1: Selecting the right object in factor with tightly packed objects.

As discussed in Annex B of TS 22.261 [3], there are other use cases that could benefit from relative positioning, for example:
· 1st responders, where it is important for the first responder to know the relative position of the target relative to him or her.
· Unmanned aerial vehicles (UAV), where it is important to know the location of objects in the vicinity of the UAV, relative to the UAV to avoid these objects from the flight path.
Observation 1: There are verticals targeted by 5G that require high accuracy for relative positioning.
The line of sight probability for indoor factory (InF) scenarios is given by [5]:

Where,

Figure 2 shows the LOS probability as a function of distance from a base station for the different indoor factor scenarios. In this analysis,  m, the other parameters are given by Table 2.

[bookmark: _Ref40034659]Table 2: Indoor Factory Scenario Parameters.
	
	InF-SL
	InF-DL
	InF-SH
	InF-DH

	
	10
	2
	10
	2

	
	0.2
	0.6
	0.2
	0.6

	
	2
	6
	2
	6

	
	1.5
	1.5
	8
	8



[image: ]
[bookmark: _Ref40034969]Figure 2: LOS probability for different indoor factory scenarios.

As illustrated in Figure 2, with high base station height (and high clutter), the LOS probability drops quickly with distance. Positioning schemes are more accurate in case of a line of sight between the two objects used for positioning. Hence, the larger the distance between objects used for positioning, the less accurate the positioning estimate.
Observation 2: As distance between base station and UE increases, probability of NLOS (non-line of sight) increases, and hence the positioning estimate becomes less accurate.
Typically, when a forklift is about to move an object, the distance between the forklift and object is small, while the distance between the base station and each of the forklift and object can be large, depending on the layout of the factory. Hence, it is reasonable to expect that the relative positioning between the object and forklift can have a much larger accuracy than the absolute positioning between the object/forklift and base station.
Observation 3: Distance between target and source UEs can be much less than distance to base station.
Based on the previous discussion relative positioning can provide higher accuracy as a result of:
· Relative positioning is performed at shorter distances, hence it has a higher line of sight probability and higher accuracy.
· With absolute positioning, two absolute positioning measurements are required to determine the positioning between two objects, compared with a single relative positioning measurement, this increases the error when using absolute positioning compared to using relative positioning.
While sidelink transmission is excluded from the SI, for enhanced positioning schemes, yet positioning schemes based on uplink and downlink transmissions are part of the study item. Uplink transmissions can be monitored and received by other UEs in the vicinity of the UE transmitting the uplink signal to assist in relative positioning.
Proposal 1: Uplink transmission-based relative positioning should be studied.
Conclusions
Observation 1: There are verticals targeted by 5G that require high accuracy for relative positioning.
Observation 2: As distance between base station and UE increases, probability of NLOS (non-line of sight) increases, and hence the positioning estimate becomes less accurate.
Observation 3: Distance between target and source UEs can be much less than distance to base station.
Proposal 1: Uplink transmission-based relative positioning should be studied.
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