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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
	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


The previous RAN1 WG agreements related to measurements for NR Positioning are provided in Annex A. Up to date RAN1 made a good progress on measurement definitions. Among remaining opens for NR Positioning, RAN1 need to discuss configuration of UE / gNB measurement and reporting.
In this document, we discuss remaining details of UE and gNB measurements for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [2]-[4].

Remaining FFS Aspects
Measurement Quality Metric
At the RAN1#97, the following agreement was made with respect to NR Positioning metrics of measurement quality:
	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


During further discussion at RAN1#98bis, the following updates were agreed:
	1. The quality metrics for all UE/gNB timing measurements include at least the following fields
2. Value: specifies the best estimate of the uncertainty of the measurement
2. Resolution: specifies the resolution levels used in the Value field
1. FFS: non-linear steps
1. FFS: scaling factor
1. FFS: NumSamples: specifies how many measurements used by UE/gNB to determine the MeasQuality
3. FFS: whether the number of samples is controlled and configured by network



In our previous contribution [5], we have expressed the view that number of samples may not be needed given that report of N measurements can be considered as a number of samples for estimation of quality of measurements. In addition, we expressed concern that each measurement can be performed under different RSRP and SINR condition. The RSRP/SINR conditions should be known to the entity performing coordinate estimation. If SINR and RSRP values change dramatically from one measurement occasion to another then measurement of standard deviation or uncertainty may not lead to the desired effect and the instantaneous SINR and RSRP measurements may be a better indicators of quality.
Regarding value and resolution, we propose to reuse LTE table based approach with new a values given that much more accurate performance requirements should be met. For instance, the following Table 1 and Table 2 with configurable scaling factor parameter (e.g. {1, 1/2, 1/4, 1/8, 1/16}) can be used.

[bookmark: _Ref23780615]Table 1: Resolution and Error Values for Quality Metric Table Format 2-5 (scaling factors = [1, 1/2, 1/4, 1/8])
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[bookmark: _Ref23940230]Table 2: Resolution and Error Values for Quality Metric Table Format 3-4 (scaling factors = [1/2, 1/4, 1/8, 1/16])
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Proposal 1: 
The 7-bit signaling is used to encode resolution and error values, following quality metric table formats can be standardized:
Format 2-5: two MSBs control resolution, five LSBs control error value
Format 3-4: three MSBs control resolution, four LSBs control error value
Apply one of the following scaling factor {1, 1/2, 1/4, 1/8} to the Table 1 for timing measurements expressed in meters
Apply additional scaling factor {180/2657} to the Table 1 for angle measurements quality metric expressed in degrees
Apply one of the following scaling factor {1/2, 1/4, 1/8, 1/16} to the Table 2 for timing measurements expressed in meters
Apply additional scaling factor {180/3953} to the Table 2 for angle measurements quality metric expressed in degrees

Timestamp
From our perspective, Rx-Tx and RSTD measurements time stamp should contain following fields:
SFN corresponding to the serving cell 
Slot number of corresponding to the serving cell

Proposal 2: 
System subframe and slot number of the serving cell are used for time stamp reporting

Use of SS-RSRPB
At the RAN1#98 meeting, RAN1 agreed on the following table below (see Table 3) that provides association of reference signals and measurements. To facilitate support of E-CID positioning techniques, RAN1 agreed on reference signals used for Rel.15 RRM measurement. One of the overlook made by RAN1 is the inclusion of SS-RSRPB measurements given that this measurement is not a part of RRM framework and was defined by RAN4 for the testing purposes only as described in [6]. According to RAN4 WG, the SS-RSRPB is defined for the purpose of the UE reporting requirements for demodulation performance testing of FR2 UEs. These reporting requirements apply to all FR2 UEs in the context of a test loop. The UE reporting requirement to support baseband testing is recommended by RAN4 to be defined as SS-RSRPB.
[bookmark: _Ref23769236]Table 3: Association of reference signals and UE measurements to facilitate various positioning techniques 
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


Therefore, we think it is reasonable to exclude SS-RSRPB measurement from the Table 3 and NR Positioning framework.

Proposal 3: 
Exclude SS-RSRPB from the set of measurements applicable for NR positioning and update other RAN WGs on RAN1 decision through LS

Additional DL PRS Measurements
The quality of DL measurement depends on SINR metrics. The SINR metric is more suitable in case of interference limited scenarios. The report of RSRP and SINR measurements is beneficial on top of the RSTD measurement itself. 
In application to RSTD, the DL PRS-RSRP measurement can be defined in the following two ways:
Option 1: RSRP from all multi-path components (RSRP) – traditional RSRP measurement
Option 2: RSRP of the first arrival path component (RSRPFAP)
The following ratios can be considered as an estimate of K-Factor (or metric characterizing frequency selectivity):
RSRPFAP / RSRP
(RSRPFAP / (RSRP - RSRPFAP))
The high values of K-Factor are often good indicators of the LOS type of propagation. The information about LOS propagation conditions is useful for UE positioning and therefore can be considered for NR Positioning.

Proposal 4: 
NR supports, the following additional measurements based on DL PRS signals 
DL PRS SINR
DL PRS RSRPFAP
DL PRS RSRPFAP can be replaced by K-Factor indication

Additional UL SRS (PRS) Measurements
Similar to discussion on DL measurements, it is beneficial to additionally support UL SRS (PRS) SINR and UL SRS (PRS) RSRPFAP or K-Factor indication.

Proposal 5: 
For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
UL SRS (PRS) SINR
UL SRS (PRS) RSRPFAP
Can be replaced by K-Factor indication

UE Reporting for NR Positioning
UE Reporting
1.1.1 DL PRS Report Configuration
For NR positioning, a UE is expected to perform measurements for DL PRS Resources within DL PRS Resource Sets, which are configured for UE measurements and reporting. A UE behavior is expected to follow DL PRS Measurement Report configuration for UE DL PRS measurements (see Figure 1).


[bookmark: _Ref7008476]Figure 1: DL PRS Measurement Report and its association with DL PRS Resource Sets and Resources

Proposal 6: 
NR supports signaling to configure UE with parameters for DL PRS Measurement Reports (DPMRs)
UE can be configured with at least 2 DPMRs configurations


In the following proposal on DL PRS Measurement Report Configuration we suggest fields required for DL PRS Measurement Report Configuration:

Proposal 7: 
DL PRS Measurement Report Configuration contains at least the following information
ID of DL PRS Measurement Report Configuration
Provides ID to identify DL PRS Measurement Report Configuration
ID of Positioning Frequency Layer containing DL PRS for processing
Requested DL PRS Measurement Type (e.g. DL PRS RSTD, DL PRS-RSRP, UE Rx-Tx Time Difference)
	Configures requested DL PRS measurement types to be reported by UE
Report Type (e.g. periodic, semi-persistent, aperiodic)
Periodicity of DL PRS Measurement Report(s) (for periodic and semi-persistent reporting)
Start and number of DL PRS Measurement Reports measured in DL PRS occasions
Requested type of UE Rx-Tx time difference estimation
Method – 1: serving cell ranging combined with RSTD measurement for neighbor cells 
Method – 2: explicit ranging with multiple cells

Beside report configuration, signaling details for the UE DL PRS Report should be discussed separately in RAN2 WG.

1.1.2 Configuration of SSB/CSI-RS Reporting for NR Positioning
Considering the following measurements for SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM).
Given that signaling details for SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, SS-RSRPB were already defined in Rel.15 and there is no additional RAN1 work scope planned, the signaling details that may be needed in LPP and NRPPa protocols to support these measurement are decided by RAN2 WG.

Proposal 8: 
Signaling details to support SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ for RRM are decided by RAN2 WG

1.1.3 UE Capability Consideration
The UE DL PRS Resource processing capabilities are always limited. For instance, UE may have restriction on maximum number of DL PRS Resources and DL PRS Resource Sets that may be configured. In addition, the number of measurements and reports can be also limited, including values of processing delays. For network based positioning solutions, UE is expected to be configured with the DL PRS Measurement Report configurations that are aligned with UE capabilities.

Proposal 9: 
UE is not expected to be configured with number of DL PRS Resources /Resource Sets that exceed UE capabilities in terms of DL PRS measurements and reporting


Conclusion
In this contribution, we have provided our views on remaining details for UE and gNB measurements for NR Positioning. In summary, we have following proposals:

Proposal 1: 
The 7-bit signaling is used to encode resolution and error values, following quality metric table formats can be standardized:
Format 2-5: two MSBs control resolution, five LSBs control error value
Format 3-4: three MSBs control resolution, four LSBs control error value
Apply one of the following scaling factor {1, 1/2, 1/4, 1/8} to the Table 1 for timing measurements expressed in meters
Apply additional scaling factor {180/2657} to the Table 1 for angle measurements quality metric expressed in degrees
Apply one of the following scaling factor {1/2, 1/4, 1/8, 1/16} to the Table 2 for timing measurements expressed in meters
Apply additional scaling factor {180/3953} to the Table 2 for angle measurements quality metric expressed in degrees
Proposal 2: 
System subframe and slot number of the serving cell are used for time stamp reporting
Proposal 3: 
Exclude SS-RSRPB from the set of measurements applicable for NR positioning and update other RAN WGs on RAN1 decision through LS
Proposal 4: 
NR supports, the following additional measurements based on DL PRS signals 
DL PRS SINR
DL PRS RSRPFAP
DL PRS RSRPFAP can be replaced by K-Factor indication
Proposal 5: 
For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
UL SRS (PRS) SINR
UL SRS (PRS) RSRPFAP
Can be replaced by K-Factor indication
Proposal 6: 
NR supports signaling to configure UE with parameters for DL PRS Measurement Reports (DPMRs)
UE can be configured with at least 2 DPMRs configurations
Proposal 7: 
DL PRS Measurement Report Configuration contains at least the following information
ID of DL PRS Measurement Report Configuration
Provides ID to identify DL PRS Measurement Report Configuration
ID of Positioning Frequency Layer containing DL PRS for processing
Requested DL PRS Measurement Type (e.g. DL PRS RSTD, DL PRS-RSRP, UE Rx-Tx Time Difference)
	Configures requested DL PRS measurement types to be reported by UE
Report Type (e.g. periodic, semi-persistent, aperiodic)
Periodicity of DL PRS Measurement Report(s) (for periodic and semi-persistent reporting)
Start and number of DL PRS Measurement Reports measured in DL PRS occasions
Requested type of UE Rx-Tx time difference estimation
Method – 1: serving cell ranging combined with RSTD measurement for neighbor cells 
Method – 2: explicit ranging with multiple cells
Proposal 8: 
Signaling details to support SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ for RRM are decided by RAN2 WG
Proposal 9: 
UE is not expected to be configured with number of DL PRS Resources /Resource Sets that exceed UE capabilities in terms of DL PRS measurements and reporting
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Annex A - RAN1 Agreements
Table below provides the list of RAN1 WG agreements on UE and gNB measurements made at the previous meetings.
	RAN1#96bis
Intra-frequency and inter-frequency DL RSTD measurements (currently supported to be based at least on DL PRS) are supported in RRC_CONNECTED mode 
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
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
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
RAN1#97 Agreements
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

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

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.

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

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

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

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.

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

RAN1#98 Agreements
RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals
Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.

UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

For FR1,
· The reference point for Rx time in the definition of the UE Rx-Tx time difference is the Rx antenna connector of the UE. 
· The reference point for Tx time in the definition of the UE Rx-Tx time difference is the Tx antenna connector of the UE

UL RTOA is defined with the respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the UL RTOA measurements can be requested for reporting in the measurement report.

For FR1, the reference point for UL RTOA is the Rx antenna connector of gNB
Conclusion:
How to determine the UL RTOA measurement and gNB Rx-Tx time difference measurements that are reported when receiver diversity is used by the gNB is up to gNB implementation and is not specified by measurement definition.

gNB Rx-Tx time difference is defined with respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.

For FR1, 
· The reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB
The reference point for the Tx time of the gNB Rx-Tx time difference is the Tx antenna connector of the gNB

UL SRS-RSRP for NR positioning is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry the UL SRS resource configured for RSRP measurements within the considered measurement frequency bandwidth in the configured measurement occasions

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

AoA () and ZoA () define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.
· The reference directions can be defined according to either one of the following options (both options are supported in specifications)
· Option 1:
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:   pointing to the zenith and  pointing to the horizon.
· Option 2:
· For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined in TR 38.901. The translation of the GCS to LCS uses the set of angles  (bearing angle),  (downtilt angle),   (slant angle) which are reported

RAN1#98bis Agreements
Conclusion:
1. RSTD measured between an E-UTRA cell and an NR cell is not supported in Rel-16

Working assumption:
1. A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers
5. FFS: Reporting of SRS for positioning resource/resource set ID corresponding to a UE Rx-Tx time difference measurement
5. Note: This agreement does not introduce any new behavior for the transmission of SRS for positioning.

Conclusion:
1. UE may select a subset of the DL PRS Resource/Resource sets configured by the network to perform and report requested measurements.
1. Support the same set of resolutions for the quality metrics of all UE/gNB timing measurements (DL PRS RSTD, UE Rx-Tx time difference, UL RTOA, and gNB Rx-Tx time difference)

1. The quality metrics for all UE/gNB timing measurements include at least the following fields
8. Value: specifies the best estimate of the uncertainty of the measurement
8. Resolution: specifies the resolution levels used in the Value field
1. FFS: non-linear steps
1. FFS: scaling factor
1. FFS: NumSamples: specifies how many measurements used by UE/gNB to determine the MeasQuality
9. FFS: whether the number of samples is controlled and configured by network

1. UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within
10. Up to X1 positioning frequency layers
0. FFS: X1
10. Up to X2 TRPs per positioning frequency layer
1. FFS: X2
10. Up to X3 DL PRS resource sets per TRP
2. FFS: X3
10. Up to X4 DL PRS resources per PRS resource set
3. FFS: X4
10. FFS: X5

1. UE can be configured to transmit up to Y1 SRS resources for positioning per SRS resource Set
1. UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS resource Sets
1. UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning
1. FFS: Y1, Y2, Y3
1. FFS: whether Y1 and/or Y2 and/or Y3 are per BWP or all BWPs 

1. A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.
16. This limit can be signalled as a UE capability.
16. FFS: the relationship of maximum numbers of DL PRS resources with the following factors
1. the type of the measurement window, e.g., sliding window
1. the maximum number of DL PRS OFDM symbols
1. the maximum measurment bandwidths

1. UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
17. All the RSTD measurements in a single report should have a single reference timing
17. Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
17. M=[3]

1. UE can be configured to measure and report up to N (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
18. N=[3]

1. A UE measurement can be associated with a time stamp. 
19. For DL RSTD and RSRP measurements, the time stamp can include at least the SFN 
0. FFS: SFN corresponds to the reference DL PRS resource or DL PRS resource sets (can be determined by the UE)
1. For Rx-Tx measurements, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing 
20. FFS: these values correspond to the reference DL PRS resource or DL PRS resource set (can be determined by the UE)

1. A DL PRS resource can be associated with one or more of the following in either GCS or LCS
21. azimuth angle
21. elevation angle
1. Note: The details of the message (e.g., resolution, range,  etc.) can be defined in RAN3.
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