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1. Introduction
WID of NR positioning support [1] includes the following objects for design objectives from RAN1 perspective:
	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]


Pertinent agreements related with measurement for NR positioning made so far are summarized as:
	Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.

Agreement:
· For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE
· For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up to RAN4 on how to define the reference point of the RSTD measurement. 
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE

Agreement:
DL PRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry a DL PRS resource configured for RSRP measurements within the considered measurement frequency bandwidth
· FFS: DL PRS-RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.

Agreement:
· For FR1, the reference point for the DL PRS-RSRP is the Rx antenna connector of the UE;
· For FR2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch
Agreement:
When receiver diversity is in use by the UE to obtain the DL PRS-RSRP measurement, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches

Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.

Agreement:
UE can be indicated to report the DL PRS Resource ID(s) or the DL PRS Resource set ID(s) associated with the DL PRS Resource ID(s) or the DL PRS Resource set(s), which are used in determining the UE measurements (DL RSTD, UE Tx-Rx time difference, DL PRS-RSRP) in UE measurement reporting.

Agreement:
· Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· gNB Rx-Tx time difference
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
· FFS: The details of these quality metrics

Agreement:
Intra-frequency and inter-frequency DL RSTD measurements (currently supported to be based at least on DL PRS) are supported in RRC_CONNECTED mode 

Agreement:
At least intra-frequency DL PRS-RSRP measurements are supported in RRC_CONNECTED mode
· FFS: Inter-frequency DL PRS-RSRP measurements in RRC_CONNECTED mode

Agreement:
· The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set
Agreement:
· The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference



In this contribution, we present our views on various aspects of UE and gNB measurement for NR positioning.
2. Discussion on UE measurements
2.1. Downlink RSDT measurement
DL-RSTD measurement is the UE measurement for DL-DTOA based positioning technique.  In LTE, the RSTD is defined as the relative timing difference between two cells (reference cell and measurement cell), which is calculated as the smallest difference between two subframes boundaries received from the two different cells. Specifically, in LTE, the RSTD is defined as the relative difference between neighbor cell j and the reference cell i: , where  is the time when the UE receives the start of one subframe in cell j and  is the time when the UE receives the corresponding start of one subframe in cell i that is closest to the subframe received from cell j. The definition of DL-RSTD measurement in LTE can be used as starting point for NR positioning. However, we shall consider the following factors in NR that are different from LTE:
· Flexible numerology is supported in NR and different cell can use different subcarrier spacing for DL PRS and then the slot length. However, the subframe length defined in NR is still independent from the subcarrier spacing configuration.  Therefore, time difference between the subframe boundaries from different TRPs can still be used as the basis for DL-RSTD measurement.
· There is no cell-specific always on reference signal in NR system. Besides DL PRS, the UE can use other signals, for example SS/PBCH, CSI-RS and DM-RS to estimate DL ToA. However, that can only be doable in the serving cell, not applicable for neighbor cell.  Therefore, the DL-RSTD measurement shall be focused on measurement from the DL PRS.
· In NR system, the configuration of one PRS resource set can be used to represent one TP.  The UE shall measure the RSTD of two TPs that are physically separated and that can be in the same cell or different cells. Therefore, the RSTD measurement shall be based on PRS resource set, not based on cell. The RSTD measurement shall be calculated as the time difference between the timing measured from a reference PRS resource set and the timing measured from a ‘neighbor’ PRS resource set. 
To support DL-RSTD measurement, the location server can provide the configuration information of one reference PRS resource set and multiple ‘neighbor’ PRS resource sets to the UE. The numerology configuration for PRS resources in each PRS resource set shall be provided to the UE too.  The DL RSTD in NR is calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from reference resource set n that is closest in time to the subframe measured from ‘neighbor’ PRS resource set m.


Figure 1
For NR FR2 system, multi-beam operation is supported in DL PRS transmission. For one TP, a PRS resource set configured with multiple PRS resources is used to implement the beam sweeping operation. Different transmit beam can be applied on different PRS resource in the same set, which are transmitted from the same TP. Large-gain beamforming applied in FR2 system can defeat the great path loss and thus improve the link quality for PRS transmission. But that also has impact on propagation path. Different PRS resources transmitted with different beam direction can pass through totally different channel paths and thus the RSTD measurement based on different PRS resources would be different. Therefore, besides measuring RSTD based on PRS resource set, we shall also support RSTD measurement based one PRS resource. We can see the following merit on RSTD based on PRS resource in FR2 systems:
· The system can combine the RSTD measurement per PRS resource with DoA measurement based on the Tx beam direction applied on each PRS resource to improve the positioning performance.
· Different PRS resource would provide different RSTD measurement due to different propagation path. If the UE simply ‘average’ the RSTD measured from different PRS resources (i.e., different paths) to obtain the RSTD per resource set, the validity of resulted RSTD is questionable and information on path direction is lost.
An example is shown in Figure 1.  The UE receives PRS transmission from TP #1. The PRS resource transmitted with beam #3 pass through a line-of-sight path to reach the UE. However, the path of the PRS resource transmitted with beam #1 has a reflector. The UE can report RSTD measurements based on using beam #3 and beam #1 as reference source, respectively.  The system can combine the RSTD measurement corresponding beam #3 and the DoA measurement of beam #3, and RSTD measurement corresponding beam #1 and DoA measurement of beam#1 to further calculate the NR position. Therefore, we shall also support DL-RSTD measured per PRS resource. The DL RSTD per PRS resource s calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource l in PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from PRS resource k in reference PRS resource set n that is closest in time to the subframe measured from PRS resource l in ‘neighbor’ PRS resource set m.
In summary, we make the following proposal for DL RSTD measurement in NR positioning:
[bookmark: _Hlk16286395]Proposal 1: For DL-RSTD measurement in NR positioning: 
· The UE is provided with one PRS resource set as reference set and multiple PRS resources sets.
· Support both PRS resource set based RSTD measurement and PRS resource based RSTD measurement.
· PRS resource set based RSTD is calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from reference resource set n that is closest in time to the subframe measured from ‘neighbor’ PRS resource set m
· PRS resource based RSTD is calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource l in PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from PRS resource k in reference PRS resource set n that is closest in time to the subframe measured from PRS resource l in ‘neighbor’ PRS resource set m.
2.2. UE Rx-Tx time difference measurement
UE Rx-Tx time difference measurement is used to support ECID (enhanced cell ID) location technique.  In LTE, the UE Rx-Tx time difference measurement is defined as , where  is the time that the UE receives downlink radio frame #i and   is the time that the UE transmits uplink radio frame #i.  
The UE Rx-Tx time difference measurement defined in LTE can be a starting point for design in NR positioning.  The receive timing of downlink radio frame can be measured from downlink CSI-RS or downlink PRS transmission. The transmit timing for uplink radio frame shall be estimated based on the configured timing advance. Multi-beam operation in FR2 NR system shall be considered here for UE Rx-Tx time difference measurement. Different PRS or CSI-RS resources with different transmit beams from the same TP could pass different radio propagation paths. Thus, the UE would obtain different receive timing of downlink radio frame based on the measurement on different PRS or CSI-RS resources transmitted with different transmit beams. However, the transmit timing of uplink radio frame is determined based on timing advance command, which is same for different PRS or CSI-RS resources. Thus, the UE would calculate different Rx-Tx time difference values based on measuring different PRS resources or CSI-RS resources that are transmitted with different Tx beams. Such different values shall be reported to the system so that the system can combine the Rx-Tx time difference measurement with DoA measurement for better positioning.
[bookmark: _Hlk16286403]Proposal 2: UE Rx-Tx time difference measurement is calculated per PRS resource and the UE Rx-Tx time difference measurement based on PRS resource k is defined as: , where  is the time that the UE receives downlink radio frame #i that is measured from PRS resource k and   is the time that the UE transmits uplink radio frame #i.
[bookmark: _Hlk7635435].
3. Discussion gNB measurement
3.1. Uplink RTOA measurement
LTE supports uplink time difference of arrival (UTDOA) positioning method making use of the measured timing at multiple reception points of the UE signals, e.g., SRS signals. The method uses time difference measurements based on SRS, taken by multiple eNodeBs, to determine the UE’s exact position. For UTDOA method, the LMU is installed at the eNB to perform uplink time measurements. In each LMU, the UL RTOA measurement is defined as the beginning of LTE subframe i containing SRS received in that LMU, relative to the reference time that is configurable. In LTE, the reference point for UL RTOA measurement is the eNB antenna connector.
As indicated in WID [1], the UL RTOA measurement at the gNB shall be specified. The definition in LTE can be used as a starting point, i.e., the UL RTOA measurement in NR can be defined as the beginning of subframe i containing UL SRS for positioning received at one TRP, relative to the configured reference time. However, the unique design in NR shall be considered here for the UL RTOA measurement. In FR2 NR system, the SRS transmission for positioning would be generally transmitted with Tx beam sweeping operation to reach multiple neighbor cells located at different directions. As we agreed, Tx beam sweeping operation on SRS for positioning is across multiple SRS resources. Each SRS resource would be applied with one Tx beam in FR2 system. Therefore, the UL RTOA measurement shall be per SRS resource, i.e., per uplink beam pair link. We can observe UL RTOA measurement per SRS resource has the following merits:
· Different UE Tx beams are applied to different SRS resources. gNB generally apply different Rx beam to receive and measure transmission on different SRS resources. Therefore, UL RTOA measured on each SRS resource is equivalent to UL RTOA measured from different beam pair link between the UE and the gNB. Different beam pair links generally have different fading environment and thus generates different UL RTOA values. 
· UL RTOA measurement per beam pair link can be more easily combined with the AoA measurement to improve positioning performance. 
Another merit for UL RTOA measurement per SRS resource is that there is no impact on UE implementation. The UE still only transmit the SRS for positioning as configured with no change.
[bookmark: _Hlk16286423]Proposal 3: The NR UL RTOA is measured per SRS resource and its definition is: the beginning of one subframe containing an SRS transmission in the SRS resource k received by the gNB j relative to the configured reference time. 
Regarding the reference point for UL RTOA measurement, for FR1 system, the definition in LTE can be reused and the reference point is the Rx antenna connector of the gNB. For FR2 system, the hybrid beamforming operation shall be considered. For reception of SRS transmission, the gNB combined signals from antenna elements on each Rx antenna panel to formulate the so-called Rx beam. Therefore, the reference point can be the combined signal from antenna elements corresponding to one receive chain.  
[bookmark: _Hlk16286430]Proposal 4: Reference point for UL RTOA:
· In FR1, reference point is the Rx antenna connector of the gNB
· In FR2, reference point is the combined signal from antenna elements, i.e., the signal combined through one Rx beam.
3.2. gNB Rx-Tx Time difference measurement
The cell Rx-Tx time difference specified in LTE can be extended to define gNB Rx-Tx time difference measurement. However, the multi-beam operation in NR system shall be considered here for the same reason for UL RTOA and RSRP measurement. Therefore, the gNB Rx-Tx time difference measurement shall be per SRS resource in FR2 system, where beam sweeping operation is applied to multiple SRS resources.
For the measurement on one SRS resource k, the gNB Rx-Tx time difference measurement is defined as:

where  is the time that the gNB receives uplink radio frame #i that is measured from SRS resource k and   is the time that the gNB transmits downlink radio frame #i

[bookmark: _Hlk16286478]Proposal 5: The gNB Rx-Tx time difference measurement is  , where  the time that the gNB receives uplink radio frame #i that is measured from SRS resource k and  is the time that the gNB transmits downlink radio frame #i.
3.3. Uplink RSRP measurement
RSRP measurement can be in E-CID positioning method. The RSRP measured on SRS transmission shall be defined as the linear average over the power contribution of the resource elements of the antenna port(s) that carry the SRS configured for RSRP measurement within the measurement frequency bandwidth and configured time-domain measurement occasion. For FR1 system, the reference point for SRS RSRP measurement shall be the Rx antenna connector at the gNB. For FR2 system, the multi-beam operation shall be considered and the reference point for SRS RSRP measurement shall be combined signal from antenna elements corresponding to a given receiver branch.
[bookmark: _Hlk16286497]Proposal 6: For NR positioning, the SRS RSRP is defined as the linear average over power contribution of the resource elements of antenna port(s) that carry SRS Reference signals for RSRP measurements within the considered frequency bandwidth in the configured SRS occasions.
· In FR1, reference point is the Rx antenna connector of the gNB
· In FR2, reference point is the combined signal from antenna elements, i.e., the signal combined through one Rx beam.
3.4. Angle of Arrival measurement
[bookmark: _GoBack]UL AoA of both azimuth angle and zenith angle shall be supported in NR positioning.  The AoA of azimuth angle is defined as the angle of user in the horizontal plane with respect to a reference direction. The reference direction shall be geographical vertical to the ground and positive in a counterclockwise direction. The AoA of zenith is defined as the angle of a user with respect to a reference direction. The UL AoA measurement in NR shall be the estimated angle of each SRS resource with respect to a reference direction considering the multi-beam operation in FR2 system.
[bookmark: _Hlk16286502]Proposal 7: NR UL AoA measurement defines estimated angle of UE measured from one SRS resource with respect to a reference direction in both azimuth and zenith angle.
4. Conclusion
In this contribution, we presented our views on UE and gNB measurements for NR positioning. Based on the discussion, the following proposals are provided:
Proposal 1: For DL-RSTD measurement in NR positioning: 
· The UE is provided with one PRS resource set as reference set and multiple PRS resources sets.
· Support both PRS resource set based RSTD measurement and PRS resource based RSTD measurement.
· PRS resource set based RSTD is calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from reference resource set n that is closest in time to the subframe measured from ‘neighbor’ PRS resource set m
· PRS resource based RSTD is calculated as:
RSTD = 
where  is the time when the UE receives the start of one subframe measured from PRS resource l in PRS resource set m, and  is the time when the UE receives the corresponding start of one subframe measured from PRS resource k in reference PRS resource set n that is closest in time to the subframe measured from PRS resource l in ‘neighbor’ PRS resource set m.
Proposal 2: UE Rx-Tx time difference measurement is calculated per PRS resource and the UE Rx-Tx time difference measurement based on PRS resource k is defined as: , where  is the time that the UE receives downlink radio frame #i that is measured from PRS resource k and   is the time that the UE transmits uplink radio frame #i.

Proposal 3: The NR UL RTOA is measured per SRS resource and its definition is: the beginning of one subframe containing an SRS transmission in the SRS resource k received by the gNB j relative to the configured reference time. 

Proposal 4: Reference point for UL RTOA:
· In FR1, reference point is the Rx antenna connector of the gNB
· In FR2, reference point is the combined signal from antenna elements, i.e., the signal combined through one Rx beam

Proposal 5: The gNB Rx-Tx time difference measurement is  , where  the time that the gNB receives uplink radio frame #i that is measured from SRS resource k and  is the time that the gNB transmits downlink radio frame #i.

Proposal 6: For NR positioning, the SRS RSRP is defined as the linear average over power contribution of the resource elements of antenna port(s) that carry SRS Reference signals for RSRP measurements within the considered frequency bandwidth in the configured SRS occasions.
· In FR1, reference point is the Rx antenna connector of the gNB
· In FR2, reference point is the combined signal from antenna elements, i.e., the signal combined through one Rx beam.

Proposal 7: NR UL AoA measurement defines estimated angle of UE measured from one SRS resource with respect to a reference direction in both azimuth and zenith angle.
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