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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following objectives are identified from RAN1 perspective [1].
RAN1 centric objectives
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
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
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
In this contribution, we discuss the definition of UE and gNB measurements based on DL and UL reference signals applicable for NR positioning.
UE measurements
DL RSTD (reference signal time difference) measurements
OTDOA is a typical downlink based positioning solution and similar to GNSS in principle, where observed time difference of arrival between a reference cell, e.g., serving cell, and neighboring cells is derived and such time difference of arrival is used to locate the UE. DL RSTD can be used for OTDOA.
The reference signals used to measure the arrival time difference in LTE is a cell-specific reference signal, i.e., PRS. In NR, there are some existing reference signals such as SS and CSI-RS/TRS. It has been agreed to study when and how to use these existing reference signals for NR positioning in the study item stage and our analysis is as follows. For SS, one of the major concerns is hearability. SS is transmitted from multiple cells using the same time-frequency resources and thus each SS suffers from interferences of neighbor cells so that the hearability might not be enough to support positioning. In [2], we have shown the CDF of long-term SINR for UMi and UMa scenarios and it seems -45dB is required to guarantee that 95% of the UEs can hear the fifth strongest gNB, which is quite challenging. On the contrary, NR CSI-RS/TRS can be flexibly configured with different pattern/density by multiple cells so that interference from other cells can be mitigated. In [2], the following observations are made
· For UMa FR1, the E911 requirement can be achieved by OTDOA using TRS;
· For UMi and InH FR2, the positioning accuracy requirement for commercial use cases can be achieved by OTDOA using TRS.
In [3], it is also shown that the positioning performance using TRS is similar to PRS if the same signaling overhead is assumed. In this regard, CSI-RS/TRS is at least suitable for positioning in some scenarios. Considering the benefit of much less specification effort, it is natural to support CSI-RS/TRS for positioning as a baseline. 
Proposal 1:  DL RSTD (reference signal time difference) measurements can be based on existing CSI-RS/TRS for NR positioning as a baseline and on the new PRS when necessary.
In LTE, RSTD is defined with respect to the transmission nodes and the same definition can be extended to NR. One issue for NR is beamforming is needed at least for FR2 and the definition should take it into account so that the RSTD can be defined as follows.
The relative timing difference between the neighbor TRP j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from cell j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 2:  DL RSTD (reference signal time difference) measurements with respect to TRPs can be defined as below.
The relative timing difference between the neighbor TRP j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from cell j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Actually, in NR UE may only see beams instead of TRPs at least for FR2 when beamforming is employed. In this regard, RSTD can be defined with respect to beams as follows.
The relative timing difference between the beam j of a neighbor cell and the reference beam i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from beam j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from beam i that is closest in time to the subframe received from beam j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 3:  DL RSTD (reference signal time difference) measurements with respect to beams can be further defined as below.
The relative timing difference between the beam j of a neighbor cell and the reference beam i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from beam j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from beam i that is closest in time to the subframe received from beam j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
DL RSRP (reference signal received power) measurements
It has been agreed that NR should support RSRP measurement for NR DL PRS and such measurement can be used to determine DL PRS quality. The quality reflects how accurate the positioning measurement is expected. CSI-RSRP has been defined in Rel. 15 for CSI-RS and can be reused for DL RSRP measurement for NR positioning without any specification efforts. For new DL PRS, RSRP can be defined in a similar way as follows.
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 that carries PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions. 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.  
Proposal 4: DL RSRP (reference signal received power) measurements should be based on CSI-RS/TRS and new DL PRS. For CSI-RS/TRS, the CSI-RSRP defined in Rel.15 can be reused and for new DL PRS, it can be defined as below.
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 that carries PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions. 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.  
Since UE needs to measure multiple gNBs and reporting all RSRP measurements may incur high signaling overhead. In such a case, UE can report only a subset of RSRP measurements based on gNB configuration to reduce reporting signaling overhead. For example, UE can report only the best N RSRP measurements. It should be noted that the RSRP measurement can be reported in a timing granularity different from RSTD measurement since the signal strength may change even without UE movement.
Proposal 5: Subset RSRP measurement reporting should be supported and the reporting granularity can be different from RSTD measurement reporting.
UE RX-TX time difference measurements for NR positioning
Rx-Tx time difference has been defined in LTE and can be extended to NR. For the UE receiving timing measurement, both CSI-RS/TRS and new DL PRS can be used. The definition of UE Rx-Tx time difference is as follows.
The UE Rx – Tx time difference k is defined as T UE-RX,k – TUE-TX. Where:
· T UE-RX.k is the UE received timing of downlink radio frame #i from the k-th gNB, defined by the first detected path in time.
· For FR1, the reference point for TUE-RX,k shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch of the UE.
· T UE-TX,k is the transmit timing of uplink radio frame #i to the k-th gNB.
· For FR1, the reference point for TUE-TX,k shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch of the UE.
Proposal 6: For the UE receiving timing measurement, both CSI-RS/TRS and new DL PRS can be used and UE RX-TX time difference measurements can be defined as below.
The UE Rx – Tx time difference k is defined as T UE-RX,k – TUE-TX. Where:
· T UE-RX.k is the UE received timing of downlink radio frame #i from the k-th gNB, defined by the first detected path in time.
· For FR1, the reference point for TUE-RX,k shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch of the UE.
· T UE-TX,k is the transmit timing of uplink radio frame #i to the k-th gNB.
· For FR1, the reference point for TUE-TX,k shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch of the UE.
gNB measurement definition
UL RTOA (relative time of arrival) measurements for NR positioning
UTDOA is a typical uplink based solutions. As a network based positioning technique, the basic concept of UTDOA is to measure the arrival time difference of the reference signals transmitted from a UE at a reference node, e.g., serving node, and other neighboring nodes. With this measurement, UE position can be obtained by multilateration. In LTE, the measured reference signal is SRS and the unit to measure the arrival time difference can be Location Measurement Units (LMUs), which are attached to each eNodeB. It has been agreed that SRS should be used as a starting point. In addition to SRS, other reference signals such as PRACH can also be considered for arrival time measurement and the benefit of using PRACH is that the positioning can happen at the very beginning stage of the communication, which might be needed for some use cases requiring very short latency. UL RTOA has been defined in LTE and the definition can be extended to NR. One issue for NR is beamforming is needed at least for FR2 and the definition should take it into account so that UL RTOA can be defined as follows.
The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing UL PRS received in TRP j, relative to the configurable reference time. The reference point for the UL relative time of arrival shall be the RX antenna connector of the TRP node.
Proposal 7:  UL RTOA (relative time of arrival) measurements can be based on SRS and PRACH and defined as follows.
The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing UL PRS received in TRP j, relative to the configurable reference time. The reference point for the UL relative time of arrival shall be the RX antenna connector of the TRP node.
UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
UL AoA measurement for azimuth angle has been defined in LTE and it can be easily extended to NR. In NR, UL AoA measurement for zenith angle should also be defined for vertical accuracy as follows. 
AoA (vertical) defines the estimated angle of a user or network node, e.g., gNB with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
Proposal 8: UL AoA measurement for zenith angle should be based on SRS and PRACH and can be defined as below.
AoA (vertical) defines the estimated angle of a user or network node, e.g., gNB with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
In NR, gNB may not be able to see UE but only beams with beamforming, especially in FR2. In this regard, UL AoA measurement for zenith angle can be defined for vertical accuracy with respect to beams as follows. 
AoA (vertical) defines the estimated angle of a beam with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
Proposal 9: UL AoA measurement for zenith angle should be based on SRS and PRACH and can be defined with respect to beams as below.
AoA (vertical) defines the estimated angle of a beam with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
UL RSRP (reference signal received power) measurements for NR positioning
It has been agreed that NR should support UL RSRP measurement for NR UL PRS and such measurement can be used to determine UL PRS quality. The quality reflects how accurate the positioning measurement is expected. Both SRS and PRACH can be used for UL RSRP measurement and UL RSRP can be defined as follows.
UL PRS reference signal received power (UL 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 UL PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured UL PRS occasions. 
Proposal 10: UL RSRP (reference signal received power) measurements should be based on SRS and PRACH and can be defined as below.
UL PRS reference signal received power (UL 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 UL PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured UL PRS occasions.  
gNB RX-TX time difference measurements for NR positioning
Rx-Tx time difference has been defined in LTE and can be extended to NR. For the gNB receiving timing measurement, both SRS and PRACH can be used. Beamforming should be taken into account and the definition of gNB Rx-Tx time difference is as follows.
The gNB Rx – Tx time difference k is defined as T gNB-RX,k – TgNB-TX. Where:
· T gNB-RX.k is the k-th gNB received timing of uplink radio frame #i, defined by the first path in time.
· For FR1, the reference point for TgNB-RX,k shall be the Rx antenna connector. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch.
· T gNB-TX,k is the k-th gNB transmit timing of downlink radio frame #i.
· For FR1, the reference point for TgNB-TX,k shall be the Tx antenna connector. For frequency range 2, the reference point for TgNB-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch.
Proposal 11: For the gNB receiving timing measurement, both SRS and PRACH can be used and gNB RX-TX time difference measurements can be defined as below.
The gNB Rx – Tx time difference k is defined as T gNB-RX,k – TgNB-TX. Where:
· T gNB-RX.k is the k-th gNB received timing of uplink radio frame #i, defined by the first path in time.
· For FR1, the reference point for TgNB-RX,k shall be the Rx antenna connector. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch.
· T gNB-TX,k is the k-th gNB transmit timing of downlink radio frame #i.
· For FR1, the reference point for TgNB-TX,k shall be the Tx antenna connector. For frequency range 2, the reference point for TgNB-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch.
Information exchange between gNBs
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 12: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Conclusions 
[bookmark: _GoBack]In this contribution, we discussed the definition of UE and gNB measurements based on DL and UL reference signals applicable for NR positioning. Our proposals are summarized below.
UE Measurement
Proposal 1:  DL RSTD (reference signal time difference) measurements can be based on existing CSI-RS/TRS for NR positioning as a baseline and on the new PRS when necessary.
Proposal 2:  DL RSTD (reference signal time difference) measurements with respect to TRPs can be defined as below.
The relative timing difference between the neighbor TRP j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from cell j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 3:  DL RSTD (reference signal time difference) measurements with respect to beams can be further defined as below.
The relative timing difference between the beam j of a neighbor cell and the reference beam i, defined as TSubframeRxj – TSubframeRxi,
where 
· TSubframeRxj is the time when the UE receives the start of one subframe from beam j; 
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe from beam i that is closest in time to the subframe received from beam j;
· For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 4: DL RSRP (reference signal received power) measurements should be based on CSI-RS/TRS and new DL PRS. For CSI-RS/TRS, the CSI-RSRP defined in Rel.15 can be reused and for new DL PRS, it can be defined as below.
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 that carries PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions. 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.
Proposal 5: Subset RSRP measurement reporting should be supported and the reporting granularity can be different from RSTD measurement reporting.
Proposal 6: For the UE receiving timing measurement, both CSI-RS/TRS and new DL PRS can be used and UE RX-TX time difference measurements can be defined as below.
The UE Rx – Tx time difference k is defined as T UE-RX,k – TUE-TX. Where:
· T UE-RX.k is the UE received timing of downlink radio frame #i from the k-th gNB, defined by the first detected path in time.
· For FR1, the reference point for TUE-RX,k shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch of the UE.
· T UE-TX,k is the transmit timing of uplink radio frame #i to the k-th gNB.
· For FR1, the reference point for TUE-TX,k shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch of the UE.
gNB Measurement
Proposal 7:  UL RTOA (relative time of arrival) measurements can be based on SRS and PRACH and defined as follows.
The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing UL PRS received in TRP j, relative to the configurable reference time. The reference point for the UL relative time of arrival shall be the RX antenna connector of the TRP node.

Proposal 8: UL AoA measurement for zenith angle should be based on SRS and PRACH and can be defined as below.
AoA (vertical) defines the estimated angle of a user or network node, e.g., gNB with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
Proposal 9: UL AoA measurement for zenith angle should be based on SRS and PRACH and can be defined with respect to beams as below.
AoA (vertical) defines the estimated angle of a beam with respect to a reference direction. The reference direction for this measurement shall be the geographical vertical to the ground, positive in a counter-clockwise direction.
Proposal 10: 4	UL RSRP (reference signal received power) measurements should be based on SRS and PRACH and can be defined as below.
UL PRS reference signal received power (UL 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 UL PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured UL PRS occasions.  
Proposal 11: For the gNB receiving timing measurement, both SRS and PRACH can be used and gNB RX-TX time difference measurements can be defined as below.
The gNB Rx – Tx time difference k is defined as T gNB-RX,k – TgNB-TX. Where:
· T gNB-RX.k is the k-th gNB received timing of uplink radio frame #i, defined by the first path in time.
· For FR1, the reference point for TgNB-RX,k shall be the Rx antenna connector. For frequency range 2, the reference point for TgNB-RX,k shall be the combined signal from antenna elements corresponding to a given receiver branch.
· T gNB-TX,k is the k-th gNB transmit timing of downlink radio frame #i.
· For FR1, the reference point for TgNB-TX,k shall be the Tx antenna connector. For frequency range 2, the reference point for TgNB-TX,k shall be the combined signal from antenna elements corresponding to a given transmission branch.
Proposal 12: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
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