3GPP TSG RAN WG1 #98			R1-1908573
Prague, CZ, August 26th – 30th, 2019


Source:	CATT
Title:	UE and gNB measurements for NR Positioning
Agenda Item:	7.2.10.3
Document for:	Discussion and Decision

Introduction
The following agreements were made on the UE and gNB measurements for NR positioning in RAN1#97 [1]:
	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:
For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs (Option 2 in the related Agreement from RAN1 #96-Bis).
· Note: The UE has flexibility to measure only on a part of the DL PRS configured bandwidth as long as measurement requirements are met.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.

Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.

Agreement:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
· Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)




The following agreements were made on the UE and gNB measurements for NR positioning in RAN1#96bis[2]:
	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 further discuss the UE and gNB measurements for NR positioning.

UE measurements for NR positioning
According to the WID [7], RAN1 will define the following UE measurements for serving, reference, and neighboring cells  
· DL RSTD measurements for NR positioning
· DL RSRP measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning

UE RSTD measurements for NR positioning
A number of issues related to UE RSTD measurements were discussed in previous meetings [3]:
· Issue 1: Whether RSTD should be defined as the time difference with respect to the timings associated with the different cells, or the timings associated with the DL PRS resource sets or the DL PRS resources of different cells. Different options were proposed as shown in the following agreements. It was agreed in RAN1#97 to 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.

In our understanding, the argument for supporting Options 2/3 is that the UE obtains RSTD measurements based on RS resources, and different RSTDs are obtained from different resources (resource sets).  The argument for supporting Option 1 is that the RSTD can be defined as the relative time difference of the different TPs without mentioning which resource is used to get RSTD is obtained, just the same as the definitions of other NR measurements, e.g., CSI-RSRP. Indeed, all existing NR measurements are defined not explicitly associated with resources or resource sets, although the measurements are all obtained with configured resources. In our view, both arguments have valid points. Based on the consideration of simplicity, clarity and also consistency with the definitions of other NR measurements, our preference is to adopt Option 1.
[bookmark: p1]Proposal 1: It is preferable to define NR RSTD as the time difference with respect to the subframe timings associated with the different TPs (Option 1)

· Issue 2: When receiver diversity is used by UE, how the reported RSTD measurement is determined. For this issue, there can be at least the following options:
· Option 1: based on the first detected path among the detected paths from all receiver branches
· Option 2: up to the UE implementation

In order to minimize the impact of the multipath, it is necessary that the start of one frame from the cell  be determined based on the earliest receiving time among the receiving times from all individual receiver branches. For the same reason, the first detected path is also used in the definition of the LTE UE Rx-Tx time difference. The argument for Option 2 is that UE may not always be able to detect the path correctly. In our view, how to detect the first path is left for the UE implementation, and when the UE should be able to detect the first path is then left for RAN4 when defining the corresponding RSTD performance requirements. 

[bookmark: p2]Proposal 2: When receiver diversity is in use by the UE, the receiving time for a cell (either the serving or the neighboring cell) for the determination of the RSTD measurements, should be the determined by the first detected path in time among the individual receiver branches.

UE RSRP measurements for NR positioning
[bookmark: _Toc4828997]Based on the agreements on PRS RSRP in RAN1#97, we propose to adopt the following definition of DL PRS-RSRP in TS 38.215:
[bookmark: p3]Proposal 3: Define DL PRS-RSRP in TS 38.215 as follows:
[bookmark: _Toc531862100]Downlink position reference signal received power (DL PRS-RSRP)
	Definition
	DL PRS reference signal received power (DL 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 DL reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

· FFS: antenna port(s) of DL PRS for  DL PRS-RSRP

For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs 

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL 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 DL PRS-RSRP value shall not be lower than the corresponding DL 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 DL 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.

UE Rx-Tx time difference measurements
Definition of UE Rx-Tx time difference 
LTE UE Rx-Tx time difference is defined with respect to the timing of the frame of the serving cell, irrelevant to how the timing of the frame is obtained. The definition for the LTE UE Rx-Tx time difference can be extended for NR UE Rx-Tx time difference where the UE Rx-Tx time difference needs to be defined with respect not only to the serving cell but neighboring cells.
Different from LTE, in NR the network may configure multiple DL PRS Resources for the UE to detect the start timing of the frame from a cell, which can be a neighbor cell or the reference cell. The UE may obtain different start timings of the frame from the cell from different DL PRS Resources. In this case, to minimize the positioning error, the start timing of the frame from a cell should be determined by the first detected path among all detected paths from the configured DL PRS Resources of the cell. 
[bookmark: p4]Proposal 4: NR 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 a cell (either the serving cell or a neighboring cell), defined by the first detected path in time among all detected paths from the configured DL PRS Resources for the determination of TUE-RX.
· TUE-TX is the UE transmit timing of uplink radio frame #i for the corresponding cell.

Number of antenna port(s) for UE Rx-Tx time difference measurements
For DL PRS, it was agreed during SI that the number of antenna port(s) for PRS will not exceed 2. However, it is still FFS on whether the number of PRS antenna port(s) is 1 only, or 2 only, or both. If the number of antenna port(s) for PRS can be 2, then the UE Rx-Tx time difference measurements may be measured from both ports.
[bookmark: _Toc4829009][bookmark: p5]Proposal 5: The number of the antenna port(s) for UE Rx-Tx time difference measurements should be the same as the number of the antenna port(s) for the transmission of the DL PRS.

[bookmark: _Toc4829014]Receiver diversity for UE Rx-Tx time difference measurements
Similar with the discussion of the DL PRS-RSTD measurements, if receiver diversity is in use by the UE, the reported UE Rx-Tx time difference value shall consider the UE Rx-Tx time difference measurements from the individual receiver branches. 
[bookmark: p6]Proposal 6: If receiver diversity is in use by the UE, the receiving time TRx for any cell, which can be the serving or the neighboring cell, should be determined by the first detected path in time among all detected paths from the individual receiver branches.

RRC status for UE Rx-Tx time difference measurements
It is obvious that all UE measurements for NR positioning should be at least applicable for the RRC_CONNECTED intra-frequency status. In the last meeting, it was already agreed that inter-frequency DL PRS-RSTD and DL PRS-RSRP are supported in RRC_CONNECTED mode. Given that the inter-frequency DL PRS-RSTD is supported in RRC_CONNECTED mode, it is expected the UE can also obtain the inter-frequency UE Rx-Tx time difference measurements.
[bookmark: _Toc4829016][bookmark: p7]Proposal 7: Inter-frequency UE Rx-Tx time difference measurements should be supported for the RRC_CONNECTED mode.

gNB Measurements for NR positioning
RAN1 will define the following gNB measurements based on UL reference signals:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning

gNB UL RTOA measurements for NR positioning
Definition of gNB UL RTOA (TUL-RTOA)
NR network may configure multiple UL SRS Resources for the UE to transmit, and a neighbour cell or the reference cell may obtain different start timings of the subframe from different UL SRS Resources for the same UE. In this case, the start timing of the subframe from the cell should be determined by the first detected path in time among all detected paths from the UL SRS Resources.
[bookmark: p8]Proposal 8: NR UL RTOA can be defined as follows:
The UL Relative Time of Arrival (UL-RTOA) is the beginning of the subframe containing SRS received in a gNB, relative to the configurable reference time. 
If the network configures the UE with one or more UL SRS Resources for the determination of the beginning of the subframe, the determined beginning of the subframe should be the first detected path in time among all detected paths from the configured UL SRS Resources.

Reference Points for gNB UL RTOA measurements
For FR1, we propose the reference point for the gNB UL measurements is the antenna connector of the gNB.

[bookmark: p9]Proposal 9: For FR1, the reference point for all gNB positioning measurements, including UL RTOA, UL PRS-RSRP, gNB Rx-Tx time differences, and UL AoA, should be at the antenna connector of the gNB.

Receiver diversity for UL RTOA measurements
Similar to the discussion of the UE RSTD measurements, we propose
[bookmark: p10]Proposal 10: If receiver diversity is in use by the gNB, the UL-RTOA for a UE should be determined by the first detected path in time among the individual receiver branches.

UL SRS-RSRP for NR positioning
Based on the agreements made in RAN1#97 for the DL PRS-RSRP measurements, we propose to define the UL RSRP measurements for NR positioning in a similar way as DL PRS-RSRP.
[bookmark: p11]Proposal 11: 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(s) that carry the UL positioning reference signals for the RSRP measurements within the considered measurement frequency bandwidth
FFS: the number of the antenna ports for UL SRS-RSRP measurements if UL SRS for positioning can be transmitted with 2 antenna ports.
[bookmark: p12]Proposal 12: For FR1, the reference point for the UL SRS-RSRP is the Rx antenna connector of the gNB. For FR2, UL SRS-RSRP for a receiver branch should be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
[bookmark: p13]Proposal 13: 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.

gNB Rx-Tx time difference
Similar to the discussion of the UE Rx-Tx time difference measurements for NR positioning, we have the following proposals for gNB Rx-Tx time difference measurements for NR positioning.
[bookmark: _Toc4829018][bookmark: p14]Proposal 14: gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX, where: 
TgNB-RX is the received timing of uplink radio frame #i of a cell, which is either the serving cell or a neighboring cell, from a UE, defined by the first detected path in time among all detected paths from the configured UL SRS Resources for the determination of TUE-RX.
TgNB-TX is the gNB transmit timing of downlink radio frame #i of the corresponding cell for the UE.
[bookmark: _Toc4829019][bookmark: p15]Proposal 15: The number of the antenna port(s) for gNB Rx-Tx time difference measurements will be the same as the number of the antenna port(s) for the transmission of the UL SRS.
[bookmark: _Toc4829023][bookmark: _Toc4829021][bookmark: p16]Proposal 16: If receiver diversity is in use by the gNB, the receiving time of the gNB Rx-Tx time differences shall be determined by the first detected path in time among all detected paths from the individual receiver branches.

UL angular measurements
In LTE, the angle of arrival (AoA) measurements is defined in TS 36.214 as follows [10]
	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.



As shown above, LTE AoA definition only includes the horizontal angle of azimuth, which can be re-used as the azimuth angle in NR AoA definition. In addition, NR needs to add the definition for the azimuth angle.

Figure 1: Illustration of AoA (zenith and azimuth ) in the Cartesian coordinate system
For the definition of the zenith angle , we may use the Cartesian coordinate system shown in Figure 1 where zenith angle  points to the zenith and points to the horizon. The axes (x, y, z) can be interpreted as pointing to the {North, West, Up} directions for AoA definition. A similar definition of the zenith and azimuth angles in a cartesian coordinate system is used in TR 38.901 for 3D channel modeling [7].
[bookmark: p17]Proposal 17: NR AoA (azimuth and zenith angles) should be defined as follows: 
· AoA azimuth angle is defined as the estimated horizontal angle from the gNB antenna center to a UE with respect to the geographical North, which is positive in a counter-clockwise direction.
· AoA zenith angle is defined as the estimated angle from the gNB antenna center to a UE with respect to the geographical Zenith, e.g.,  points to the zenith and  points to the horizon.
· AoA azimuth and zenith angles are determined at the gNB antenna center for an UL channel corresponding to this UE.

Quality indication of Measurements
The following agreement was made in RAN1#97[1]
· Support reporting separate metric(s) corresponding to the 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

Quality indication of UE measurements
LTE OTDOA measurement report supports the quality of the TOAs used in the RSTD measurements as defined OTDOA‑MeasQuality in LPP in TS 36.355 [11], which includes the following elements:
· error-Resolution ([5, 10, 20, 30]meter): specifies the resolution used in the error-Value field
· error-Value ([0 ~ 63]): specifies the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement
· error-NumSamples ([0 ~7]): specifies how many measurements have been used by the target device to determine this TDOA‑MeasQuality

LTE quality measurements can be extended to UE timing measurements (such as DL PRS-RSTD, UE Rx-Tx time difference, etc.). The quality measure should be associated with the measurement and reported along with the measurement. Assisted by the quality measurements, the location server would select those robust measurements to improve the positioning accuracy. Further, the quality measurement is also beneficial to reduce the signaling overhead for the measurement report. For instance, UE could only report those UE measurements with high quality. The number of the reported measurements may be less than the number configured by the network. Another way is that the measurements associated with high quality could be quantized with high granularity, while the other measurements are quantized with low granularity. The details of the quality indication can be further studied with the consideration of the required measurement performance and beam related information. 

For NR, the measurement reporting will be associated with the DL PRS resource(s) used for obtaining the measurements. Thus, the quality indication is naturally related to the  DL PRS resource(s) for obtaining the measurements.

[bookmark: p18]Proposal 18: Define the quality indication of DL PRS-RSTD and UE Rx-Tx time difference measurements as follows. It is up to the implementation of the UE on how to determine the quality indication
· error-Resolution ([0.1, 0.2, 0.5, 1, 2, 5, 10, 20]meter): specifies the resolution used in error-Value field
· error-Value ([0 ~ 63]): specifies the target device′s best estimate of the uncertainty of the RSTD and UE Rx-Tx time difference measurements
· error-NumSamples ([0 ~7]): specifies how many measurements have been used by the target device to determine this TDOA‑MeasQuality

Quality indication of gNB measurements
Similar to UE DL PRS-RSTD and UE Rx-Tx time difference measurements, we also propose defining the quality indication of UL-RTOA and gNB Rx-Tx time difference measurements
[bookmark: p19]Proposal 19: Define the quality indication of UL-RTOA and gNB Rx-Tx time difference measurements as follows. It is up to the implementation of the gNB on how to determine the quality indication
· error-Resolution ([0.1, 0.2, 0.5, 1, 2, 5, 10, 20]meter): specifies the resolution used in error-Value field
· error-Value ([0 ~ 63]): specifies the target device′s best estimate of the uncertainty of the UL-RTOA and gNB Rx-Tx time difference measurements
· error-NumSamples ([0 ~7]): specifies how many measurements have been used by the target device to determine this TDOA‑MeasQuality


Measurement Reporting
UE Measurement Reporting
A UE may be configured with multiple DL PRS resource sets for measurement, and each resource set may include multiple PRS resources, when DL PRS signals from a TRP are transmitted in different beams, and each of the PRS beams is identified with a PRS resource ID. The PRS RSRP measured among the DL PRSs corresponding to the same PRS resource ID and the same resource set ID may be combined. To identify a certain beam of a certain TRP, the UE measurement reporting should be associated with both PRS resource ID and the PRS resource set ID.
[bookmark: p20]Proposal 20: The reported UE measurements (e.g., DL PRS-RSTD, DL PRS RSRP, UE Rx-Tx Time difference) should be associated with both DL PRS Resource ID and DL PRS Resource Set ID.

gNB measurement Reporting
Similar to UE measurement reporting, we propose
[bookmark: p21]Proposal 21: The reported gNB measurements (e.g., UL RTOA, UL SRS RSRP, gNB Rx-Tx Time difference, and UL AOA/AoZ) should be associated with both UL SRS Resource ID and the UE ID.

Measurement configuration
The DL PRS transmission (transmission bandwidth, periodicity, etc.) of the cell is configurable for supporting different deployment scenarios. The transmission bandwidth of DL PRS of the cell will be sent to LMF by the gNB through high-layer signaling. The LMF will configure the DL PRS for UE measurements (DL PRS-RSTD, DL PRS-RSRP, UE Rx-Tx time difference) for a UE through LPP signaling. It is obvious that the DL PRS configuration for UE measurements should be based on the transmission configuration of DL PRS. However, it remains to be decided whether the DL PRS configuration for UE measurements for a UE has to be the same as the transmission bandwidth of DL PRS from the cell or can be different. 
[bookmark: p22]Proposal 22: It needs FFS on whether the DL PRS configuration for UE measurements can be configured to be the same as the DL PRS configuration for UE transmission for a cell.

Conclusion
In this contribution, we discussed the NR DL positioning technologies, and made the following proposals:
Proposal 1: It is preferable to define NR RSTD as the time difference with respect to the subframe timings associated with the different TPs (Option 1)
Proposal 2: When receiver diversity is in use by the UE, the receiving time for a cell (either the serving or the neighboring cell) for the determination of the RSTD measurements, should be the determined by the first detected path in time among the individual receiver branches.

Proposal 3: Define DL PRS-RSRP in TS 38.215 as follows:
Downlink position reference signal received power (DL PRS-RSRP)
	Definition
	DL PRS reference signal received power (DL 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 DL reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

· FFS: antenna port(s) of DL PRS for  DL PRS-RSRP

For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs 

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL 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 DL PRS-RSRP value shall not be lower than the corresponding DL 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 DL 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.
Proposal 4: NR 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 a cell (either the serving cell or a neighboring cell), defined by the first detected path in time among all detected paths from the configured DL PRS Resources for the determination of TUE-RX.
· TUE-TX is the UE transmit timing of uplink radio frame #i for the corresponding cell.
Proposal 5: The number of the antenna port(s) for UE Rx-Tx time difference measurements should be the same as the number of the antenna port(s) for the transmission of the DL PRS.
Proposal 6: If receiver diversity is in use by the UE, the receiving time TRx for any cell, which can be the serving or the neighboring cell, should be determined by the first detected path in time among all detected paths from the individual receiver branches.
Proposal 7: Inter-frequency UE Rx-Tx time difference measurements should be supported for the RRC_CONNECTED mode.
Proposal 8: NR UL RTOA can be defined as follows:
The UL Relative Time of Arrival (UL-RTOA) is the beginning of the subframe containing SRS received in a gNB, relative to the configurable reference time. 
If the network configures the UE with one or more UL SRS Resources for the determination of the beginning of the subframe, the determined beginning of the subframe should be the first detected path in time among all detected paths from the configured UL SRS Resources.
Proposal 9: For FR1, the reference point for all gNB positioning measurements, including UL RTOA, UL PRS-RSRP, gNB Rx-Tx time differences, and UL AoA, should be at the antenna connector of the gNB.
Proposal 10: If receiver diversity is in use by the gNB, the UL-RTOA for a UE should be determined by the first detected path in time among the individual receiver branches.
Proposal 11: 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(s) that carry the UL positioning reference signals for the RSRP measurements within the considered measurement frequency bandwidth
FFS: the number of the antenna ports for UL SRS-RSRP measurements if UL SRS for positioning can be transmitted with 2 antenna ports.
Proposal 12: For FR1, the reference point for the UL SRS-RSRP is the Rx antenna connector of the gNB. For FR2, UL SRS-RSRP for a receiver branch should be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 13: 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.
Proposal 14: gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX, where: 
TgNB-RX is the received timing of uplink radio frame #i of a cell, which is either the serving cell or a neighboring cell, from a UE, defined by the first detected path in time among all detected paths from the configured UL SRS Resources for the determination of TUE-RX.
TgNB-TX is the gNB transmit timing of downlink radio frame #i of the corresponding cell for the UE.
Proposal 15: The number of the antenna port(s) for gNB Rx-Tx time difference measurements will be the same as the number of the antenna port(s) for the transmission of the UL SRS.
Proposal 16: If receiver diversity is in use by the gNB, the receiving time of the gNB Rx-Tx time differences shall be determined by the first detected path in time among all detected paths from the individual receiver branches.
Proposal 17: NR AoA (azimuth and zenith angles) should be defined as follows: 
· AoA azimuth angle is defined as the estimated horizontal angle from the gNB antenna center to a UE with respect to the geographical North, which is positive in a counter-clockwise direction.
· AoA zenith angle is defined as the estimated angle from the gNB antenna center to a UE with respect to the geographical Zenith, e.g.,  points to the zenith and  points to the horizon.
· AoA azimuth and zenith angles are determined at the gNB antenna center for an UL channel corresponding to this UE.
Proposal 18: Define the quality indication of DL PRS-RSTD and UE Rx-Tx time difference measurements as follows. It is up to the implementation of the UE on how to determine the quality indication
· error-Resolution ([0.1, 0.2, 0.5, 1, 2, 5, 10, 20]meter): specifies the resolution used in error-Value field
· error-Value ([0 ~ 63]): specifies the target device′s best estimate of the uncertainty of the RSTD and UE Rx-Tx time difference measurements
· error-NumSamples ([0 ~7]): specifies how many measurements have been used by the target device to determine this TDOA‑MeasQuality
Proposal 19: Define the quality indication of UL-RTOA and gNB Rx-Tx time difference measurements as follows. It is up to the implementation of the gNB on how to determine the quality indication
· error-Resolution ([0.1, 0.2, 0.5, 1, 2, 5, 10, 20]meter): specifies the resolution used in error-Value field
· error-Value ([0 ~ 63]): specifies the target device′s best estimate of the uncertainty of the UL-RTOA and gNB Rx-Tx time difference measurements
· error-NumSamples ([0 ~7]): specifies how many measurements have been used by the target device to determine this TDOA‑MeasQuality
Proposal 20: The reported UE measurements (e.g., DL PRS-RSTD, DL PRS RSRP, UE Rx-Tx Time difference) should be associated with both DL PRS Resource ID and DL PRS Resource Set ID.
Proposal 21: The reported gNB measurements (e.g., UL RTOA, UL SRS RSRP, gNB Rx-Tx Time difference, and UL AOA/AoZ) should be associated with both UL SRS Resource ID and the UE ID.
Proposal 22: It needs FFS on whether the DL PRS configuration for UE measurements can be configured to be the same as the DL PRS configuration for UE transmission for a cell.
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