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1 Introduction	
The work item description for NR positioning support mandates RAN1 centric objectives for NR positioning. One of the objectives is to define UE and gNB based measurements for positioning to support RAT dependent positioning methods in different scenarios. These measurements are done over the reference signals that are defined (or will be defined) in NR. The NR positioning measurements are typically assumed to be done within a positioning occasion, where one positioning occasion defines an unit event over which the measurements that are required by positioning techniques are performed by a single UE or a single base station. Moreover, the positioning occasions can either be defined as a singular period or a burst of periods over which the measurements will be done.

In this contribution, we present our view on positioning measurements that are required to be done either by a UE or a base station depending on the positioning method being employed. The measurements agreed in NR Rel. 15 are not precluded and any additional measurements that are deemed important for the RAT dependent positioning solutions are discussed.
2 UE measurements
Figure 1 shows a typical the location Information Transfer operations between UE and location server for positioning. The location transfer operation includes measurements obtained by UE as requested, for different types of positioning methods.

Figure 1 LMF-initiated Location Information Transfer Procedure.

1. The LMF sends an LPP Request Location Information message to the UE. This request includes measurements requested, including any needed measurement configuration information, and required response time.
2. The UE obtains measurements as requested in step 1. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed, and includes the obtained measurements.


2.1	UE RSTD measurements
The relative timing difference between the E-UTRAN neighbour cell j and the E-UTRAN reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from E-UTRAN cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from E-UTRAN cell i that is closest in time to the subframe received from E-UTRAN cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE [refer 38.215]. RSTD measurements can be used by multitude of positioning methods. 

The UE RSTD measurements can be used in methods like DL-TDOA, single base station positioning, E-CID etc. The measurements provide the multipath timing profile at individual base stations(intra-RSTD) and the relative timing between base stations (inter-RSTD) as shown in Figure 2. The peaks shown in the figure are the power delay profile (PDP) peaks obtained from the received signal. 

As shown in the Figure 2, RSTD measurements are of two types. Intra-RSTD measurements and Inter-RSTD measurements. 

1. Intra-RSTD measurements are time difference measurements of the multipath peaks referenced with the first arrived peak from the same base station at the considered UE. Number of intra-RSTD will be P-1, where P is the number of paths considered.  
2. The inter-RSTD measurements are time difference measurements between first arrived peaks of base stations referenced with the first arrived peak of the serving base station of the considered UE. If the number of base stations is N, number of inter-RSTD measurements will be N-1.
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Figure 2 Intra-RSTD and Inter RSTD measurements
Large value of paths considered for intra-RSTD measurements, P, would be the rich reporting which can be used for positioning methods based on analyzing multipath components for UE positioning. The values of N and P can be decided based on the UE capabilities. 

Resolution of RSTD measurements in number of reporting bits by UE should be specified. Precision of RSTD measurements w.r.t. the true values of these measurements should be set as requirement by the network. The network can configure number of strongest beams (Q) for which above measurements should be reported. Along with the beam/resource IDs.

UE should report inter-RSTD and intra-RSTD measurements for every pair of base stations and individual base stations its configured for positioning. 
The network should configure values N, P and Q for the measurements to be performed and reported by the UE.
The resolution of RSTD measurements should be specified.  
Requirements on the positioning accuracy (RSTD precision) should be set by the network.
2.2	UE RSRP measurements
The RSRP measurements are used for positioning methods like E-CID based positioning, received signal strength (RSS) based positioning etc. RSRP measurements over different reference signal provides measures of signal strength and quality for communication purposes. For positioning, the RSRP measurements can also provide measure of timing measurements. Power levels of every path being reported would help the network in improving the position estimation of the UE.

Reference signal received power (RSRP) measurements should be defined over the specified NR-PRS signal and will be called NRPRS-RSRP. It could be defined as the linear average over the power contributions (in [W]) of the resource elements that carry PRS reference signals configured for positioning measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

The RSRP measurements should be specified for every RSTD measurement corresponding to a peak in the PDP. The values of the peaks could be defined as the power contributions(in [W])  of the PRS resource elements for a certain delay value. As shown in the Fig.3, the power peaks can be reported as [h1 h2 … hp hp-1]. In LTE, additional path is reported by the UE which includes the RSTD values of additional path and the path quality measure [2]. In NR, in addition, power of individual paths should be provided.
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Figure 3 A typical PDP and the power measurements at every peak.



Peak values of the power delay profile should be reported along with the RSTD measurements on these peaks.


2.3	UE RX-TX time difference measurements
UE Rx-Tx measurements are used for computing BS-UE distance by round trip time (RTT) method. 
The UE should report any measure of quality of Rx-Tx measurements.
The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector. 

In RTT methods, systematic delay errors at UE affects the positioning estimation more than in TDOA based methods. Similarly, knowledge of the delay distribution at UE can be used in position estimation algorithms for improving positioning accuracy. Hence, a measure of UE Rx-Tx measurement should also be reported along with the measurements. The measure can be the distribution of the UE Rx-Tx measurement. If assumed Gaussian, then it can be the mean and variance of the UE Rx-Tx measurement distribution.


A quality measure of UE Rx-Tx measurement should be reported by the UE along with the UE Rx-Tx measurements. 

3	gNB measurements
To facilitate UL based positioning solutions, gNB can do the required time and angle measurements by using the UL reference signals. In [3] we have presented candidate reference signals that are suitable for UL NR positioning. In this section, we will elaborate on our view on measurements that gNB can perform within a positioning occasion for UE positioning.

3.1 gNB Rx-Tx time difference
The gNB Rx-Tx time difference measurement facilitates positioning solutions based on UL round trip time (RTT) exploiting either a single or multiple base stations. The gNB Rx-Tx time difference defines the time difference between when the gNB detects the first path in time of the UL radio frame with UL positioning reference signal and the timing when gNB transmit DL radio frame with DL positioning reference signal. 
3.2 Timing advance (TADV)
Timing advance is one of the time measurements in UL direction that defines gNB Rx-Tx time difference with or without UE Rx-Tx time difference. Depending on the configuration, TADV can be defined/calculated as
TADV = gNB Rx-Tx time difference + UE Rx-Tx time difference
or
TADV = gNB Rx-Tx time difference.
3.3 Angle of Arrival (AoA)
In a beamformed UL positioning reference signal transmission, the gNB in addition to first path detection of the radio frame containing the UL positioning reference signal can also estimate the angle of arrival (AoA) of such signals. The AoA measurement is done by the gNB with respect to a reference direction. In positioning solutions like uTDOA, additional information based on AoA can enhance the TOA measurement accuracy. Moreover, a single base station based positioning solution can also exploit this info for UE localization.
3.4 UL Relative Time of Arrival (TUL-RTOA)
The UL relative time of arrival is a time measurement that can be done at gNB for the time difference between beginning of subframe  containing the UL positioning reference signal and the beginning of subframe  with UL positioning reference signal. This sort of measurement is required when network based positioning method is being employed.

Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.

Conclusions
In the previous sections we made the following proposals:
1. UE should report inter-RSTD and intra-RSTD measurements for every pair of base stations and individual base stations its configured for positioning. 
1. The network should configure values N, P and Q for the measurements to be performed and reported by the UE.
1. The resolution of RSTD measurements should be specified.  
1. Requirements on the positioning accuracy (RSTD precision) should be set by the network.
1. Peak values of the power delay profile should be reported along with the RSTD measurements on these peaks.
1. A quality measure of UE Rx-Tx measurement should be reported by the UE along with the UE Rx-Tx measurements. 
1. Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.
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