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Introduction
[bookmark: _Hlk510705081]As part of the recently approved WID [1], RAN1 has the following objectives related to measurements for NR positioning:
Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning

This contribution discusses the various measurements for NR Positioning and proposes definitions for new measurements that are needed.   
Discussion
UE measurements for positioning
For DL-AoD positioning the reference signal received power (RSRP) is likely to be used to estimate the AoD from multiple gNBs/TRPs. 
Observation 1: The RSRP measurements which already exist for SSB and CSI-RS can optionally be reused for DL-AoD. 
In addition to these existing measurements a new RSRP measurement for the PRS that has been agreed to be introduced in Rel-16 should be agreed for NR positioning support.
Proposal 1: Adopt the following definition for PRS-RSRP: 
	Definition
	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

For PRS-RSRP determination PRS reference signals transmitted on antenna port [XXXX] according to 3GPP TS 38.211 shall be used. 

For intra-frequency PRS-RSRP measurements, if the measurement gap is not configured, UE is not expected to measure the PRS resource(s) outside of the active downlink bandwidth part.

For frequency range 1, the reference point for the PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported PRS-RSRP value shall not be lower than the corresponding PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



NOTE 1:	The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine PRS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2:	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
Note: The antenna port details can be updated to reflect the agreements made during the WI about PRS.   

The time difference between the received signal and the transmited signal at the UE side has been agreed to be introduced. This was previously specified in LTE, however there it was just for the serving cell. In NR it was agreed to be introduced for both the serving and neighbor cells. 
Proposal 2: Adopt the following definition for UE Rx-Tx Time Difference:
	Definition
	The UE Rx – Tx time difference for cell j is defined as TUE-RXj – TUE-TX

Where:
TUE-RXj is the UE received timing of downlink reference signal #i from cell j, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink reference signal #i.

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

	Applicable for
	RRC_CONNECTED intra-frequency




Reference signal time difference (RSTD) has been agreed to be introduced in NR Rel-16. RSTD was specified in LTE. The main difference in NR is that the DL PRS (or other RS) may be beamformed and beam swept. In other words, the RSTD measurement was simply between two cells in LTE where in NR it may be between two beams. This complicates the definition slightly for RSTD. There may be advantages for the RSTD measurement to be at a beam level (e.g., diversity purposes, hybridization with RSRP, etc).
Observation 2: The RSTD measurement should be beam specific in NR. 
The exact method of how PRS beam sweeping will be handled in Rel-16 is still under discussion. For the purpose of progress on the measurement definitions, here we assume that a particular DL PRS beam has an associated resource ID.
Proposal 3: Adopt the following definition of RSTD in NR: 
	Definition
	The relative timing difference between the neighbor cell j reference signal sent with resource ID k and the reference cell i reference signal sent with resource ID l, defined as TRxjk – TRxil, where: TRxjk is the time when the UE receives the start of one slot from cell j sent with resource ID k and TRxil is the time when the UE receives the corresponding start of one slot from cell i sent with resource ID l. The reference point for the observed slot time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency





As discussed in our companion contribution [4], there is benefit to have positioning support for UEs in RRC IDLE and RRC INACTIVE mode. In many deployments the DL PRS configuration may be static and UEs can save the DL PRS configuration information before moving to RRC IDLE or RRC INACTIVE mode. 
Proposal 4: Include RRC IDLE and RRC INACTIVE mode as applicable states for measurement of RSTD.
In our companion contribution [2] we discuss E-CID support and point out that Rel-15 NR RRM measurements are obviously already specified. In addition to Rel-15 NR RRM measurements it is possible that additional measurements will be added to NR E-CID in Rel-16. In a previous contribution [3] we highlighted that the following additional measurement should be considered for E-CID Rel-16:
· UE Rx-Tx time difference
· gNB Tx-Rx time difference
· Uplink Angle of Arrival, including elevation angle

These measurements have already been agreed to be part of the WI scope. 
Proposal 5: The decision on the specific measurements that are used for E-CID in Rel-16 should be left to RAN2. 
gNB measurements for positioning
The relative time of arrival measurement (RTOA) has agreed to be introduced for NR. This measurement was specified in LTE. In LTE the measurement was specified for the location measurement unit (LMU) to make. The LMU (or NR equivalent) has not officially been agreed to be introduced yet in NR (though it may soon), and this decision is out of RAN1 scope. Therefore, a definition that just refers to a receiving node is preferable at this stage. The receiving node can be understood to be a gNB or any feature network function that is expected to make positioning measurements (e.g., NR LMU or equivalent) not a UE.
Proposal 6: Adopt the following definition of RTOA: 
	Definition
	The Relative Time of Arrival (TRTOA) is the beginning of slot i containing SRS or PRS received at receiving node j, relative to a configurable reference time. The reference point for the relative time of arrival shall be the RX antenna connector of the receiving node when receiving node has a separate RX antenna or shares RX antenna with gNB and the gNB antenna connector when receiving node is integrated in gNB. 



It was agreed that an uplink reference signal received power (UL-RSRP) measurement would be introduced. The current DL definitions of RSRP can be used as a baseline for the UL-RSRP definition. 
Proposal 7: Adopt the following definition for UL-RSRP: 
	Definition
	UL reference signal received power (UL-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry an UL RS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured UL RS occasions.

For intra-frequency UL-RSRP measurements, if the measurement gap is not configured, UE is not expected to measure the UL resource(s) outside of the active downlink bandwidth part.

For frequency range 1, the reference point for the UL-RSRP shall be the antenna connector of the receiving node. For frequency range 2, UL-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the gNB, the reported UL-RSRP value shall not be lower than the corresponding UL-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



NOTE 1:	The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the gNB to determine UL-RSRP is left up to the gNB implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2:	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
The time difference between the received signal and the transmited signal at the gNB side has been agreed to be introduced. This was previously specified in LTE, however there it was just for the serving cell of a particular UE. In NR it was agreed to be introduced for both the serving and neighbour cells of a given UE. 
Proposal 8: Adopt the following definition for gNB Rx-Tx Time Difference:
	Definition
	The gNB Rx – Tx time difference for UE j is defined as T gNB-RXj – TgNB-TX

Where:
T gNB-RXj is the gNB received timing of uplink reference signal #i from UE j, defined by the first detected path in time.
The reference point for TgNB-RX shall be the Rx antenna connector.
T gNB-TX is the gNB transmit timing of downlink reference signal #i.
The reference point for TgNB-TX shall be the Tx antenna connector.


 
Angle measurements
In LTE the angle of arrival is defined as an azimuth angle in TS 36.214 [1] in the following way:
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.
The AoA is determined at the eNB antenna for an UL channel corresponding to this UE.



It was proposed to measure additionally a zenith angle for three-dimensional positioning including the vertical position. The resulting coordinate system is a spherical coordinate system as shown in Figure 1 with polar (zenith) angle  measured relative to the vertical polar axis (z-axis) and azimuth angle  relative to the geographical north corresponding to the x-axis.








[bookmark: _Ref4689890]Figure 1: Coordinate system with azimuth angle as defined in LTE extended by a zenith angle
The mapping between spherical coordinates  and cartesian coordinates  has a singularity for  and . This means that, e.g.,  and the derivatives of  with respect to  and  are not defined on the z-axis. This is a problem when we try to estimate the impact of angle measurement errors on the positioning accuracy on that axis or when reporting measurement uncertainties. For a horizontal antenna array, which could, e.g., be mounted at the ceiling of a factory hall for indoor positioning, this singularity would be in the center of the measurement area immediately below the antenna array.
Observation 3: The mapping between the spherical coordinate system with azimuth defined as in [5] and a cartesian coordinate system used for position estimates has a singularity at  and , which is immediately above and below the antenna position. For horizontal antenna arrays used, e.g., at the ceilings of factory halls this is in the center of the measurement area and causes problems when studying the impact of measurement errors on the positioning accuracy or when reporting measurement uncertainties.
A solution is to use a rotated spherical coordinate system adapted to the orientation of the antenna array used for angle measurements in certain deployments. Figure 2 shows an example for a horizontal antenna array with polar angle  measured relative to a horizontal x-axis and the angle  measured relative to a horizontal y-axis.







[bookmark: _Ref4689255]Figure 2: Proposed coordinate system for horizontal indoor antenna arrays
Proposal 9: Allow the use of rotated coordinate systems which are adapted to the orientation of the antenna arrays in special deployments (e.g., horizontal indoor antenna array) for reporting measurements.
In general, the following two-step procedure can be used to derive the rotated coordinate system:
1. Rotate the coordinate system in Figure 1 by an angle  counterclockwise around the z-axis. This moves the reference direction for measuring the angle  away from geographic north.
2. Tilt the polar axis by an angle  towards the new reference direction defined by .

The new rotated coordinate system is defined by the two angles  and . The example in Figure 2 corresponds to  and . The polar axis of the rotated coordinate system is here in a horizontal plane and points to geographic north (direction of the x-axis).
The advantage of using rotated coordinate systems is that the singularity of the spherical coordinate system is now outside of the measurement area in the plane of the antenna array, which allows for better reporting of both angular measurements and measurement uncertainties.
Conclusion
Observation 1: The RSRP measurements which already exist for SSB and CSI-RS can optionally be reused for DL-AoD. 
Observation 2: The RSTD measurement should be beam specific in NR. 
Observation 3: The mapping between the spherical coordinate system with azimuth defined as in [1] and a cartesian coordinate system used for position estimates has a singularity at  and , which is immediately above and below the antenna position. For horizontal antenna arrays used, e.g., at the ceilings of factory halls this is in the center of the measurement area and causes problems when studying the impact of measurement errors on the positioning accuracy or when reporting measurement uncertainties.
The following proposals were made. For explicit definition proposals please refer to the above text as they have been omitted from the conclusion for brevity. 
Proposal 1: Adopt the following definition for PRS-RSRP:
Proposal 2: Adopt the following definition for UE Rx-Tx Time Difference:
Proposal 3: Adopt the following definition of RSTD in NR: 
Proposal 4: Include RRC IDLE and RRC INACTIVE mode as applicable states for measurement of RSTD.
Proposal 5: The decision on the specific measurements that are used for E-CID in Rel-16 should be left to RAN2. 
Proposal 6: Adopt the following definition of RTOA: 
Proposal 7: Adopt the following definition for UL-RSRP: 
Proposal 8: Adopt the following definition for gNB Rx-Tx Time Difference:
Proposal 9: Allow the use of rotated coordinate systems which are adapted to the orientation of the antenna arrays in special deployments (e.g., horizontal indoor antenna array) for reporting measurements.
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