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Introduction 
In 3GPP RAN#83, a WI [1] for the standardization of NR positioning was approved. The objective for RAN2 includes the following aspects regarding physical layer measurements
	Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
Define extensions of LPP protocol for NR RAT-dependent positioning [RAN2]



It is agreed in Rel-15 that RSRP-based positioning is included for NR [2]. 
In this contribution, we discuss the enhancements to support RSRP based positioning with assistance data, which is reference data containing the relation of observed RSRP values from multiple TRP-sites to position. Hence, reference data are the content of assistance data that is either obtained or – once available -delivered to the entity that calculates the position. We further discuss this approach for the cases of UE-based and UE-assisted positioning including respective implications for realization. 

Functional Principles of Signal Strength based Positioning
There are two major general possibilities to conclude from measured signal strength values to the position of a terminal (UE). For both possibilities, multi-site measurements apply in order to conclude on an at least two-dimensional positioning result.
One possibility employs path loss estimation to conclude on the distance of a receiver to the signal source. However, a number of parameters used in the formula of path loss estimation vary largely depending on the unknown actual environment and therefore the positioning result is highly uncertain.
A second possibility uses reference data, i.e. signal strength vs. location, which has been previously obtained. This is more representative as large scale environmental conditions do not change. A drawback might be the need to initially obtain this kind of reference data, which is not severe if automatic methods can be proposed to accomplish this step.
This tdoc discusses the latter method.


RSRP Positioning Enhancement with Assistance Data 
Reference signals, associated RSRP measurements, reporting and signaling are specified with respect to “single site aspects”. On multi-site aspects, there are direct synergies in ongoing discussion, for example on multi-site beam management [5] that shares the task to work with RSPP values from multiple sites.
UE based RSRP positioning with assistance data enables UE based and standalone positioning without network support except the reference data exchange. Standalone positioning allows many users to localize themselves without higher traffic (e.g. no reporting). New features in NR like beam forming increase the data base and can improve the accuracy of the RSRP positioning method much more. There are several methods to obtain reference data (e.g. UE-based recording, see chapter 5, or automatic generation by the location server).
Figure 1: UE based positioning with assistance data results in a significant improvement of accuracy of the position.
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RSRP assistance data positioning is also easy to realize for UE assisted positioning. In this case the UE performs the measurements and sends the results to the LMF where the position estimation will be performed. The LMF knows the reference data of the area where the UE will be localized, therefore only the measurements of the UE need to be reported.
Figure 2: UE assisted positioning with assistance data results in a significant improvement of accuracy of the position.
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1. Content of Assistance Data for RSRP-based Positioning
As mentioned above, the performance of RSRP based positioning can significantly be improved by using reference data. Reference data is only usable for transmissions that do not change their characteristics between the instance in time of obtaining (recording) reference data and the instance in time of using it for positioning. This applies to SS/PBCH bursts / burst sets.
Reference data are a sequence of data sets that contain:
· Reference location (where reference RSPRs apply)
· Cell ID (e.g. PCI) 
· Signal strength based on NR reference signals (i. e. from SSB).
· Beam ID if multiple beams are measured.

Possible LPP Positioning Method for RSRP based Positioning
To realize RSRP assistance data aided positioning in NR we see two ways. First, a new RSRP measurement method could be defined and second possibility is an inclusion into NRRel-16 ECID. During the last meeting RAN2#105bis, it has been discussed to be FFS if NR Rel-16 ECID is to support multi-site measurements [7].
4.1 New RSRP based Positioning Method
The “RSRP Assistance Data” positioning method has an impact to [3] and LPP protocol [4] for adding a new sub clause. 
Observation 1: Adding a new RSRP measurement method to LPP would enable RSRP positioning in NR. With the addition of the provision of assistance data via LPP it would provide the full functionality for RSRP positioning in NR.
4.2 Extend Enhanced Cell ID
The second option is to extend the future NR ECID method. This has a smaller impact to the LPP protocol than a new RSRP measurement method and needs to bring ECID to NR specification for using NR RSRP measurements and reporting.  
Observation 2: An alternative way to bring RSRP positioning to NR is to include it in NR ECID including RSRP assistance data provisioning via LPP.

Proposal 1: Support RSRP-based positioning including exchange of RSPR reference data for UE-based and UE-assisted positioning architectures.
Proposal 2: Extend LPP for NR for RSRP based positioning either by enhancing NR ECID or by introducing a new RSRP based positioning method.


Obtaining RSRP Reference Data 
Recording a New Reference Data Set
Two ways can be used to create reference data sets for RSRP assistance data aided positioning. 
One is automatic infrastructure based generation of reference data. This is not part of this contribution but can be explained and proposed in more detail in subsequent tdocs.
The other option is UE recorded reference data set. In this case, the reference data will be created by the UE for a known location with measured RSRP values for surrounding gNBs and their beams. The procedure can be carried out when one or more other positioning method are available, e.g. GNSS or cellular UL or DL TDOA. In other words, with an assisting precise enough positioning method location aware measurements of the surrounding network are carried out for collection of RSRP reference data sets. Subsequently, the reference data can be used for positioning by all UEs, even those who do not have the capabilities for the other methods (GNSS, UL/DL TDOA).
Observation 3: Joint use of other positioning methods like GNSS or other cellular measurements (e.g. TDOA) may enable automatic collecting RSPP reference data. The recording is performed at the UE transparently to the network, so that there is a small impact to the current specifications, except the reporting of obtained reference data sets to the LMF.

Reporting a New Reference Data Set to the LMF
To report the new reference data set to the LMF, the UE may use the ECID location information or a new RSRP assistance data procedure for reporting. Note that Rel-15 ECID contains the possibility to report results from up to 32 cells. This publishes the new recorded reference data (see chapter 3.1) with location and signal strength to the LMF. A small impact to the protocol is expected to support beam information for the reference data. 
Observation 4: The existing ECID positioning method could be used to report the new reference data sets to the LMF. There is only a small impact to the LPP for enabling beam information in ECID positioning method. 
Proposal 3: Considering to enable NR RSRP based positioning by enabling UE based recording and reporting of reference data. 



Conclusion
The following observations and proposals are concluded:
Observation 1: Adding a new RSRP measurement method to LPP would enable RSRP positioning in NR. With the addition of the provision of assistance data via LPP it would provide the full functionality for RSRP positioning in NR.
Observation 2: An alternative way to bring RSRP positioning to NR is to include it in NR ECID including RSRP assistance data provisioning via LPP.
Observation 3: Joint use of other positioning methods like GNSS or other cellular measurements (e.g. TDOA) may enable automatic collecting RSPP reference data. The recording is performed at the UE transparently to the network, so that there is a small impact to the current specifications, except the reporting of obtained reference data sets to the LMF.
Observation 4: The existing ECID positioning method could be used to report the new reference data sets to the LMF. There is only a small impact to the LPP for enabling beam information in ECID positioning method. 

Proposal 1: Support RSRP-based positioning including exchange of RSPR reference data for UE-based and UE-assisted positioning architectures.
Proposal 2: Extend LPP for NR for RSRP based positioning either by enhancing NR ECID or by introducing a new RSRP based positioning method.
Proposal 3: Considering to enable NR RSRP based positioning by enabling UE based recording and reporting of reference data. 
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