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1	Introduction
Rel-16 defined positioning specific reference signals: DL-PRS and UL-SRS. Further new positioning methods such as Multi-RTT and Angle based positioning methods have been defined. Rel-16 can be considered as a generic introduction of Positioning techniques in NR. Moving forward to Rel-17, specific positioning solution for I-IOT scenario needs to be studied. 
As specified in the SID [1] objective:
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)):
0. 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]
0. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
0. 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]
The paper aims to address the highlighted key words from the SID.


[bookmark: _Ref178064866]2	Discussion
2.1	RS Overhead
Energy efficient, low power consumption are the buzz words and have become key KPIs to compare two different hardware’s. It is essential that RAN2 strive for solution that leads to be energy efficient.
As specified in the SID, item 1; PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission to all beam sweeping directions results in an unnecessary transmission of PRSs. Thus, a study is required to identify a mechanism to optimize the PRS transmission. 
By selecting the optimum number of beams for PRS transmission and by switching off the PRS transmission in a more opportunistic way, it should be possible to be energy efficient. For this to happen, 
· the UE should provide the RSRP result of PRS being transmitted from different beams. 
· LMF should compute the PRS utilization from different beams.
· LMF should provide a list of low utilized or un-utilized beams to gNB to be turned off.

[bookmark: _Toc47645631]RAN2 to provide solution for reducing RS overhead.

2.2	gNB (RRC) based Positioning Configurations 
Most of the positioning applications require that localization be done spontaneously. Latency is critical factor. In today’s NR positioning architecture, the positioning methodology is mainly driven by LMF node. This node selects the positioning method and provides the configuration.
LMF node requires positioning measurements from both base station (gNB) and the wireless device (UE) or one of them to compute the position. LMF node also receives the quality of measurement from the UE for DL-PRS such as RSRP and uncertainty related to positioning estimates. However, LMF node does not immediately take any action based upon the feedback received on DL-PRS. No mechanism has been provided yet to dynamically vary the DL PRS configurations. Besides, even if it wants to take any specific action such as alter DL-PRS configuration, the delay is one factor which may hinder the use of DL-PRS based measurements in NR Rel-17 IIOT use cases that demand low latency. The DL-PRS configuration must be relayed by multiple nodes before it reaches to the UE. The LMF generates the LPP message which then based upon control plane solution needs to be relayed to AMF. AMF then relays to gNB and then gNB finally to the UE.  Such relaying through multiple nodes results in considerable latency.
One more problem using the Rel-16 DL-PRS is that UE always has to request for measurement gap as DL-PRS is configured using multiple frequency layer. Requesting measurement gap implies UE will not be able to receive/transmit data or other reference signals during that time. Moreover, it introduces delay; as mentioned above larger latency is a big hindrance for IIOT scenarios demanding low latency positioning and hence Rel-16 DL-PRS based configuration for positioning may not be suitable for IIOT scenarios.

[bookmark: _Toc47645640]LMF based configuration may introduce delay which may not be suitable for IIOT use cases requiring localizations.
It is beneficial to have configurations provided by the node closer to the UE for latency reductions. UL SRS is already configured by gNB. 
[bookmark: _Toc47645632]RRC based positioning procedures are studied especially for IIOT use cases.
CSI-RS/TRS/SSB are also configured by gNB for beam management and RRM purposes. These signals were introduced in Rel-15. Rel-15 based reference signal could be also used for positioning purpose.
[bookmark: _Toc47645633]Rel 15 reference signals are considered for positioning purposes
In NR rel-16, single DCI based Multi-TRP features are specified.  In these features, the DCI can be originating from one TRP while different PDSCH transmissions (i.e., either different set of layers or different PDSCH transmission occasions) may be transmitted from different TRPs.  An example scenario as shown in Figure 2.  In these features, it is assumed that multiple TRPs belong to the same serving cell.  This allows a DCI transmitted from one TRP to schedule a PDSCH transmission from one or more other TRPs that belong to the same serving cell as the TRP that transmits the DCI.  In addition to scheduling PDSCH transmission from other TRPs, the DCI sent from one TRP can also trigger reference signal transmissions from other TRPs.   




It should be possible to exploit this sort of setup also for positioning purpose. As three distinct TRPs (located at different locations) are required for multi-lateration purpose. If serving cell with multiple TRPs with distinct co-ordinates is available; positioning configuration would be simpler as there would be no need for NRPPa or Xn interchanges. The configuration could be done locally via RRC serving cell.

[bookmark: _Toc47645634]Adopt Rel 16 multi-TRP configurations for positioning to reduce latency, especially for IIOT.

2.3 Additional Path Reporting
Rel 16 introduced support for additional path reporting associated to timing measurements. As a compromise, support for the same max number of paths (2) as in LTE was agreed in Rel 16. Further additional paths, as well as richer path information is to be considered in Rel 17. The richer path information includes received signal strength per path, relative signal strength per path, indication of the strongest path, phase information per path, line-of sight indication etc – all of which would enable enhanced positioning performance.
[bookmark: _Toc47645635]Additional path reporting enhancements are considered for positioning purposes
2.4 Cyclic Shifts

There is a relation between positioning performance and TRP deployment density, which is emphasized when there are reflectors in the service area. With a denser TRP deployment, there is an increased risk of performance degradation, unless sufficient interference suppression is considered. Rel 16 supports interference suppression via muting, orthogonal reference signal patterns, beam-based reference signals and reference signal processing gains. Additional orthogonalization can be introduced via DL PRS cyclic shifts
[bookmark: _Toc47645636]DL PRS cyclic shifts are considered for enhanced interference suppression
Some of the discussed positioning enhancements need input from RAN1 and RAN4, such as 
· support for Rel 15 reference signals for positioning purposes
· additional path reporting enhancements
· DL PRS cyclic shifts
Therefore, RAN2 shall ask RAN1/4 for input
[bookmark: _Toc47645637]Send an LS to RAN1 and RAN4 for input about Rel 15 reference signals for positioning purposes, additional path reporting enhancements and DL PRS cyclic shifts for interference suppression
2.5	Cartesian Coordinate System for TRP location info
The Rel 16 representation of TRP location information is based on a reference point and relative coordinates in relation to the reference point. Both the reference point and the relative coordinates are represented in geodetic coordinates (longitude and latitude). This representation is very suitable to represent macro and micro deployments, but not very suitable nor very efficient to represent indoor deployments such as the indoor open office or indoor factory. In such environments, it is more appropriate to define a reference point such as a lower left point of a floor plan, and then define relative Cartesian coordinates in relation to the reference point. A Cartesian local coordinate system for both assistance data and position estimates means that the positioning system is more naturally integrated with the information system of the factory, office, warehouse,etc, compared to a geodetic coordinate system.
[bookmark: _Toc47645641]A Cartesian coordinate system is more appropriate to represent location information and position estimates in IIoT use cases.
Local Cartesian coordinates have also already been considered when representing the displacement information that a target device can report considering the movements since a reference time. The displacement is separated into a horizontal displacement in centimeters with a bearing in relation to a reference direction and a vertical displacement in centimeters in relation to the center of the earth.
[bookmark: _Toc47645642]Displacements in LPP are already represented in a Cartesian coordinate system.
Furthermore, RAN3 has agreed to support TRP location information in either geodetic or Cartesian coordinates, which means that the generalization to support both coordinate system types has already started in Rel 16 for NRPPa and it is straight-forward to introduce it in LPP.
[bookmark: _Toc47645643]RAN3 already has introduced support in Rel 16 NRPPa for TRP location information in a Cartesian coordinate system.
Therefore, we have the following proposal
[bookmark: _Toc47645638]RAN2 to agree to support location information in a Cartesian coordinate system in LPP. 

2.6	Positioning without LMF involvement
Rel-16 introduces support of broadcast of AD. Further UE may obtain assistance data using on demand connected procedure while in RRC Connected state. It is possible to cipher the AD/posSIBs.

From 23.273
Table 7.1-2: LCS Mobile Originated data for a UE Subscriber
	MO-LR Data
	Presence
	UDM data 

	Mobile Originated data
	M


	List of MO-LR services allowed for a UE subscriber:
-     Basic Self Location (UE can receive its own location)
-     Autonomous Self Location (UE can receive location assistance data)
-     Transfer to Third Party 



It says, UE can perform self-location if it obtains location assistance data. Thus, in scenario where NW is providing AD by means of RRC broadcast/unicast would UE require LMF involvement.
LMF is involved when the LCS client is external; but when the LCS client is internal within UE and AD is already being broadcasted/OnDemand and UE can receive assistance data. There is no involvement.
Operators can use the ciphering key as means of authorization, but also use different ciphering keys for different parts of the assistance data to support subscription differentiation etc.
[bookmark: _Toc47645644]UE may perform positioning by obtaining AD from gNB without LMF involvement. Operator may cipher the content as a means to provide authorization and subscription differentiation.

2.7	Measurement Reporting for UE Based
As discussed in section 2.1, for RS overhead reduction one of the main components required is UE feedback. However, if UEs are operating in UE based and while NW is providing AD by means of RRC broadcast/unicast how will LMF obtain the necessary beam utilization information.
Traditionally, with UE-assisted positioning, the location server obtains information about the measurements and resulting positioning performance as part of the positioning procedure. It can analyse the distribution of measurement errors as well as estimated positioning errors over a population of devices and relate this information to radio network deployment and positioning reference signal configurations used in the network. Thereby the operator obtains valuable information that can be used to optimize the network deployment and the positioning reference signal configurations and procedures in order to improve the quality of positioning, but also to ensure that the configurations are adequate but not excessive with respect to the desired performance in order to have a cost efficient positioning.
Observation 1 	With UE-assisted positioning, the operator obtains information via the reported measurements and quality from the devices as well as the positioning and estimated uncertainty that can be used to optimize configurations, procedures, deployments costs etc
In a network dominated by UE-based positioning, the operator does not have the same information since the both the measurements and the location estimates are made in the target devices. This means that the operator is unable to observe the positioning performance adequately and thereby optimize the radio network in terms of deployment, configurations, procedures, costs etc in order to meet the requirements. This is negative for both the operator, the devices and the positioning services.
Observation 2 	With UE-based positioning, the operator does not have sufficient information to optimize the radio network deployment, positioning signal configurations, procedures, costs, etc

[bookmark: _Toc47645645]Co-operation would be needed to reduce RS overhead from UEs operating in UE based mode.
Similar mechanism to how LMF authorize UE a positioning mode via dedicated LPP procedure/transactions; is required also while LMF is providing AD by means of broadcast. 
[bookmark: _Toc47645639]RAN2 to identify mechanism where NW may authorize UE which mode to operate while operating (providing AD) in RRC broadcast/unicast mode.

Conclusion
In the previous sections we made the following observations: 
Observation 1	LMF based configuration may introduce delay which may not be suitable for IIOT use cases requiring localizations.
Observation 2	A Cartesian coordinate system is more appropriate to represent location information and position estimates in IIoT use cases.
Observation 3	Displacements in LPP are already represented in a Cartesian coordinate system.
Observation 4	RAN3 already has introduced support in Rel 16 NRPPa for TRP location information in a Cartesian coordinate system.
Observation 5	UE may perform positioning by obtaining AD from gNB without LMF involvement. Operator may cipher the content as a means to provide authorization and subscription differentiation.
Observation 6	Co-operation would be needed to reduce RS overhead from UEs operating in UE based mode.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to provide solution for reducing RS overhead.
Proposal 2	RRC based positioning procedures are studied especially for IIOT use cases.
Proposal 3	Rel 15 reference signals are considered for positioning purposes
Proposal 4	Adopt Rel 16 multi-TRP configurations for positioning to reduce latency, especially for IIOT.
Proposal 5	Additional path reporting enhancements are considered for positioning purposes
Proposal 6	DL PRS cyclic shifts are considered for enhanced interference suppression
Proposal 7	Send an LS to RAN1 and RAN4 for input about Rel 15 reference signals for positioning purposes, additional path reporting enhancements and DL PRS cyclic shifts for interference suppression
Proposal 8	RAN2 to agree to support location information in a Cartesian coordinate system in LPP.
Proposal 9	RAN2 to identify mechanism where NW may authorize UE which mode to operate while operating (providing AD) in RRC broadcast/unicast mode.
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